WD 2004/ 104463 PCT/ DK2004/ 000362 1 A SERVO VALVE FOR A VACUUM SYSTEM

I nt.roduct i ey Jageaesent invention relates to a servo Vah%ﬂwﬁﬁ?m@ﬁ tpg
and closing a passage between a fluid intake and a fluid 5 outlet o

vacuum system and, in particular, the invention relates to a valve mhlch
can be inserted in systens with high and | ow pressure differences and

whi ch can be operated with sinple actuation neans. Background of the
invention 10 In general, servo valves for pressure systens exist in which
a pi ston, urdtdeTERVG I\ATAER: RAR A FrAQEM SYSTEMNr ence  bet ween an intake or an
outlet port and a control chanber, is novable between a closed and an open
posi tion. Dusmdr»duissidf the pressure difference, such valves are operable
15 by way of relatively sinple actuators having a Iom1pomer consunpti on

and wei ght, Qe ct |op _ Ry apged to pove a
pil ot val ve 1gﬁ?e?anlxgsil%rfcoS'Lglpen ojgj q&s‘% aél%l Uil ¥ s%g‘é‘—"f)1 V\g h FReHEIt he
ports and tlad cdmtsrisly chameragd-dretwardrous :ﬂ*]aﬁEcDrtBnté}E@ &x8sdi pouyal ves 20
of this |nd ane not SU|tabIe for vacuum systens, in connection with
| eak det ectl H L&Ep Qe & VATV (SYSRER afft e Pﬁ’ft%%ul%ortf%ﬁ—ﬁt to avoi d any

residual fl dirfrent idhe-enaloed het weam 18AC R10RA! Ad:9N.d hﬁ@%t £01 di ngly,

val ves and sinmlar conponents of the system nust support conp ete
evacuati on &FLGNe twgth hdiak iapsl Y cvomissnte dif Bremtes adnd ayloldh Wi t h

vari ous Iarg_.%th %@d ?’é@:lat cg‘ﬁ'l 352498 conn ct |qr$_q:tr%2ne%£§dts with the control

chanber, drainage i y a p itional servo
val ves. Mbreover, the existing servo valves are nade to operate 30 across

a certain Phe RBeGLLP PRy didiig ence. 1T a

10 In general, servo valves for pressure systems exist in
which a piston, under influence of a pressure difference
between an intake or an outlet port and a control chamber,
is movable between a closed and an open position. Due to
use of the pressure difference, such valves are operable

15 by way of relatively simple actuators having a low power
consumption and weight, e.g. via a solenoid. The actuation
may be arranged to move a pilot valve arranged to cpen or
close a fluid passage between one of the ports and the
control chamber. For various reasdns, the existing valves

20 of this kind are not suitable for vacuum systems, e.g. in
connection with leak detection applications. In such
systems, it is important to avoid any residual fluid in
the valve between each operation thereof. Accordingly,
valves and similar components of the system must support

25 complete evacuation and due to a relatlvely complicated
structural layout with varlous larger and smaller passages
connecting the ports with the control chamber, drainage is
typically a problem with the traditional servo valves.
Moreover, the existing servo valves are made to operate

30 . across a certain pre-specified pressure difference. If a
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CONFI RVATI ON COPY WD 2004/ 104463 PCT/ DK2004/ 000362 2 val ve which is

desi gned f@fo RlgseMEL differences in the range of 1-100 haiskimsbdese ted
across a pressure Ifferential of |ess than one bar, the pressure
difference would normally not be satisfactory for opening the valve, 5
vice versa. Mreover, since the pressure-difference disappears shortly
after opening the valve, the servo effect of traditional servo valves
woul d di sappear. For this reason, traditional servo valves are not useful
for vacuumvsyistenicl) iSesiydipiricah ffr tdwe=dnventdoffdtehSe@ni@biiest of one
enbodi nent of the present invention to provide a valve which is designed

for a vacuuh3Et 1 % e e IMRSHHY HEURBIR RRRBTHEL di f f er ences of

ess | thamigmedite: ANGaIEh (akidldid her ORALHM LS UM edSnee
provided force with the use of noderate forces. Accordingly, the present
i nventi on r &catlel nymeldat et el e therE sty Uinis yorream mpngie svaibve,
housi ng def Lni on . d val ve passage_having a fluid
i nt ake %ar 'Itvg'vc\%qﬁpeéc% T gv{o(%!er??él‘%gzl%rlﬁl%e%sstu % pﬁf%‘?ﬁ Jajdf%‘?}f?%(?e 20 part with
a second i ntdmagpapres shiort vhe fiart sreeiiigy tIeparated, bhha sdossre nenber
nmounted in t%% housi for, .nmovenment between an open and a closed position
under i nf| §&NEE PN HOBE Lh SEKEFEh VR Vgt &1atEld pHapnpeani Fehe
control chaghgls ardddhe fthiglitaph9660dd RiAaRRa é%%[H5§§#%ﬁﬁﬂ.for
respectively, the open position being a position ereln e Vval've passage
i s open bet ¥eeruheyehemsparts and the cl osed position being a position
wherein the valve passage is closed between the two parts, the control
chanber being connected to the intake part and to the

10 Description of the invention

It is 'an object of one embodiment of the present invention
to provide a valve which is designed for a vacuum system,
which can be inserted between pressure differences of less
than one bar, and which can still be opened via a servo

15 provided force with the use of moderate forces.
Accqrdingly, the present invention relates to a servo
valve for a vacuum system comprising a housing defining a
control chamber and a valve passage having a fluid intake
part with a first internal pressure and a fluid outlet

20 part with a second internal pressure, the parts being
separated by a closure member mounted in the housing for
movement between an open and a closed position under
influence of differences between an internal pressure of
the control chamber and the first and second internal

25 pressures, respectively, the open posgition being a
position wherein the valve passage is open between the two
parts and the closed position being a position wherein the
valve passage is closed between the two parts, the control
chamber being comnnected to the intake part and to the

30 outlet part so as to enable its internal pressure to be

switchably controlled mainly by one of either the first



30 outlet part so as to enable its internal pressure to be swtchably

controlled ' one, of either the first i W 2004/
ol Yoaligs One, qu‘ﬁl]?llgz%
PCT/ DK2004/ 000362 3 internal pressure or the second interna png?ﬂ%e for

swi tchably controlling novenent of the closure nenber between its closed
and its open position, vice versa. Due t® the connection of the control
chanber to the intake 5 part and to the outlet part enabling sw tchable
control of the pressure in the control chanber, the valve can be operated
by use of theterassupeedsfiferencebewsehontl iexerhinlgpexeessievédkorces. The

cl osure nenbet orma, pilot passage between the, 10 outlet and the
control chaﬁﬁéFgﬁégig 6??5?°£g§§ g@OHgWﬁBt g&oggﬁlSlﬁﬁuﬁepFﬁﬁheﬁiosure
menber whi cbet®e8RVabkeclbsbat Mg §8st Bpenl poUA 8 1BRNDG, ~hetugan an open
position wherein the pilot passage is open and a closed position wherein

the pilot passage is closed. Wen the valve is 15 intended to open, the

pi | ot closupgenesbehei SofR¥EHibA bESthePEBnLesHt kAlmblre £ o tPRSikitaike
wherein the pilot passage is open. Wien the pilot passage opens, the
control chaf®Ek 2pd L@ Ehei guebatuppeht foabMinE shWétobebée pantrofl wie

val ve passagg.and.Lbg.-press Qﬁ ' e lizes. 20 Accordingly, a
pressure di e?énce mﬁlcﬁ igﬁga%a nggfgﬁﬁﬁgggg gﬁ% gﬁggﬁrggﬁe%ﬁ%r fromthe
cl osed to tbpeopead ppsuseonfi shgepecatade WheHerbacekostitBomenber has
noved, the gresgure in the, intake and outlet parts equalises and, as the
outl et partT*2E 89| F*FREF U ohMtifif€ati on with the control chanber, the
pressure difference between the control chanber and the intake part of the
val ve passage di sappears. Since this pressure difference has been utilized
to keep the g oetpeure member may form a pilot passage between the
i0 outlet and the control chamber, said pilot passage being
closable by a pilot closure member which is movable
relative to the closure member between an open position
wherein the pilot passage is open and a closed position
wherein the pilot passage is closed. When the valve is
15 intended to open, the pilot closure member is moved to its
open position, i.e. a posgition wherein the pilot passage
is open. When the pilot passage opens, the control chamber
ig in fluid communication with the outlet part of the
valve passage and the pressure therein between equalizes.
20 Accordingly, a pressure difference which is capable of
moving the closure member from the closed to the open

position is generated.

When the closure member has moved, the pressure in the
intake and outlet parts equalises and, as the outlet part
25 is in fluid communication with the control chamber, the
pressure difference between the control chamber and the
intake part of the valve passage disappears. Since this
pressure difference has been utilized to keep the closure
member in its open position, the closure member could,

30 depending upon the orientation of the valve and the flow



menber in its open position, the closure nenber could, 30 dependi ng upon

t he orientﬁk%ﬂm &Mg e valve and the fl ow WD 2004/ 104463 ﬁ%ﬂﬁﬁ%ﬁg&ﬁ%&po362
e ? [ S cl ose

4 speed of t urd flow ng there through, nove back to

position. In order to avoid this, the valve may have a pil ot closure nenber
which is novably fastened to - - the closure nenber via an elastically
deformabl e coupling, 5 e.g. via a resilient rubber band, a spring such as a
helical spring or via simlar arrangenent capable of being stretched

el asti cal | y.speedarf i the afludd sfitdwinaM thers iSprdugh constanbatk theitange

of 0.5-1.5 Nom e.qg. Nmn_ is suitable for a valve used in a vacuum

system The ﬁ@%ﬁﬁ%@sﬁ%}?% B?eqﬁci‘?féi’iﬁé?iv‘:fjcﬁ dpiptoxi Hae ev§lgeNiay | e.

appr oxi mat elnad MENpd ToOrErS st RfQh&he vFﬁLf‘cl'Yaié’emWrélbl%‘ %QQ%%H&&%&' osed".
S e

characteristic, the closure nenber could be biased agal cl osed

posi ti on by Wi ety megmbesnris sit| @l aghbeal 1 el grmabl ¢ exopinabber
rod or acgheld ¢al .spri Gy. 4 e pilot.closure nenber, and
thus t hesopeén'i g ﬁ%f%ﬁ?ﬁf%‘# el{tgk;e@é\/)ﬂél)i?/aeﬁﬁns a'(;p‘gégjéjt%% %‘Il%%t?‘%n%gnet ically,
or al ternat ihedligalprepmiatd cat lwia hyihidldd cattan@Ementptypapraual | yevhg a

push or pull_ buttgn.. In any case, in order, 20 to reduce the force which is
necessary t(?tdfﬁ‘ér‘l"gieﬁje %ﬁ%cali]ty'i siPaRAft Rie 1 SRFHRY el at passage

ith a | i3 the opadi J |
with a | smgdindg restnsst! i9Dalharemddalk e Olp%wﬂn&.l%g. VBN,

passage, e.g, With an area in the size of 5-20 tines-' sma
of the val véspassdgbleFam s o wppldashtimoms  vasuun i sy soemecThen with use
of the

al | A um system f.or |leak detection, if is an ,object to
ensur e %%at \égﬂlel%rggg}a ual's pofe-ttr'{laéﬂ%oﬂ%fiacso m%t?i%rﬁ the Yafve bet ween
each openi ngpprdxdkedidld, 3 mm.

In order to provide the valve with a “normally closed”
characteristic, the closure member could be biased against
the closed position by an elastically compressible member,

15 e.g. a flexible rubber rod or a helical spring etc.

Preferably, the pilot closure member, and thus the opening
and closing of the valve is operated electromagnetically,
or alternatively, pneumatically, hydraulically or simply
manually via a push-or pull button. In any case, in order
20 to reduce the force which is necessary to open the valve,
it is an advantage to form the pilot passage with a
smaller cross-sectional area than the opening of the wvalve
pasgage, e.g. with an area in the size of 5-20 times-

smaller than the area of the valve passage.

25 In some applications, e.g. in connection with use of the
valve in a vacuum system for leak detection, it is an
object to ensure that all residuals of the fluid is
evacuated from the valve between each opening and closing
sequence. For that purpose, the control chamber may

30 advantageously be arranged in continuation of the passage



sequence. For that purpose, the control chanber may 30 advant ageously be
arranged i i ion of the passage WD 2004/ 104463 P ‘é)%%?g“ 4 362 5
fromthe fﬁ;‘?g‘ﬂ%}&‘?ﬁﬂg{ to the cl osure nenber and preferag)IT - g“/{)q(%’g%the
chanber and at |east the outlet part of the valve passage is coaxially
arranged. In fact, the outlet part of tge val ve passage and the control 5

chanber may be fornmed as one |ongitudinally extending bore wthin the
housi ng. The sealing nmenber could be forned as a ball valve or as a piston

arranged to gme dacks K fQutdt idd a ey |digiicRl meRdVi tan®f the housing.
The piston and cylindrical cavity 10 may have any matchi ng cross-sectional
shapes. HowdV&Lenablwr gt thpis idpochanremmnd st utéart dfhe heutvkbéve, it is
an advanta i i t, I cul cross-_sectipnal_shapes
allowing t h%%c%;lt\?io%q%ﬂoed%@é]f% %cht S:agg a l@bgdfoeagﬁoaralrel.y 5 9H'D %‘erf oé"fl fove

t he sensitialey caftlidte vattv eyt itthd sradive qlzjsecigdaidd tithk egmit4el wei ght  of

the pistgon low. . Accordingly, the piston_may be shaped with three main
parts, n m@%%@?ﬁ%éﬂﬁ%%@%ﬁ@%&&}%%ﬂdﬁw §%-ent ¥Rp-RAEped
part by an egliemdaf erhaiGeide, cup-shaped 20 part forming a bottomwall and
a sidewal |l extending from the bottomwall upwardly towards, an opening in

a direction opposite the direction towards the sealing flange. The pilot

passage canthe QLTBcthd Reinifd Renahans ok F&été)rbaﬂ_anilre{f‘? 56Al 4 595

flange, the cup-shaped part and the 25 el ongate shank can or e
coaxi al ly. PasStegecrangssute aover dacd isalsl €oadtle whex ety irhiriqabt on

noves snoot hlLy .W t t..tilting duri i t.s back d_fourth vement wthin
the cylindr ?Eﬁﬁ%’aeﬁjfh& htquilégq'nl%'utsl'ﬁ%g?ﬁémpi aé;r?yr‘?ﬁﬁl%%lcf#rfﬁy@byt hat it
has itsi0 may have any matching cross-sectional shapes. However, in
order to support the manufacturing of the valve, it is an
advantage to provide the parts with circular cross-
gectional shapes allowing the cavity to be formed as a

bore hole.

15 In order to improve the sensitivity of the valve, it is an
object both to keep the weight of the piston low.
Accordingly, the piston may be shaped with three main
parts, namely a lower sealing flange connected upwardly to
a cup—shapéd part by an elongate shank, thercup—shaped

20 part forming a bottom wall and a sidewall extending f£xrom
the bottom wall upwardly towards an opening in a direction

' opposite the direction towards the gealing flange. The
pilot passage can be formed ingide the shank of the piston
and the sealing flange, the cup-shaped part and the

25 elongate shank can be formed coaxially.

In order to ensure a more reliable valve wherein the
piston moves smoothly without tilting during its back and
fourth movement within the cylindrical cavity of the
housing, the piston may be formed so that it has its

30 .centre of gravity along the centre axis of the piston at a



30 centre of gravity along the centre axis of the piston at a WO

2004/ 104463 PCT/ D1C2004/ 000362 6 position between the baqt d the
openi ng of“@%@(’”&%ﬁ@sshaped part. The above descri bed speg)i#r%?%{i&mg d
shank shaped piston with its centre of gravity in the area of the
cup-shaped part enabl es use of the val ve6d' n very 5 |ow vacuum e.g. in
pressures in the range of 1*10 3 - 1*10-6 nBar. During opening of the
valve, the pilot closure nmenber is lifted fromits closed position by

movi ng the pideitich asalivedEIRy Hot ol wert | p avey Spomiheopi shen, 10
causing the pilot passage to open. The resulting pressure Tdifference
bet ween t he CENtFRAP R LT - dle Ehovntdsecpdred sechdivatve- pasdage

causes the pist uvar dl nds to.,ane € V,e passage. ring
this nmovenent, r?ﬂeékgapﬁ st ?nl agal ?l%géﬁlﬁ%er %]oéﬁjt%y%hi@f %?o%aﬂd?eapu%ber.
I n 15 order cfo Hwoiapteitagdte pairtoterpdsisagaiad aseschdheralhe ipisépp noves

t owar ds %Qe pi.l ot_cl osure menber, the maxinum, possible travel jof the pil ot
cl osure &Y el iy g dSuSRF ISR gt tiranranee @fF ri5hondi-ng maxi mum
possi bl e trawalg-6fmkhe. pi ston. To read the position of the 20 cl osure
menber and/or the position of the pilot closure nenber, the valve may have
one or nore magnets incorporated in one of the housing or in the closure

nmenbers and pR@riRs R Y TRIRGH Ga38RS0Ntthe S Tot! &8l thdiRSer | Nat hE
opposite one of the housing or closure 25 nmembers. 1If the nagnet are of the

type nade byiditecerfingy itsheloseswrats doioussacing emwpilde seal ed by a
coatin9, e SRR | LIC 20h S oA chll LIS Boven
seal i ng1of thesderpuhes tyiletUpasisagdOnd dpen. The resulting pressure
difference between the control chamber and the intake part
of the valve passage causes the piston to move upwardly
and to open the valve passage. During this movement, the
piston again comes closer to the pilot closure member. In
15 order to avoid that the pilot passage closes when the
piston moves towards the pilot closure member, the maximum
posgible travel of the pilot closure member may '
advantageously be larger than the corresponding waximum
possible travel of the piston. To read the position of the
20 closure member and/or the position of the pilot closure
member, the valve may have one or more magnets
incorporated in one of the housing or in the closure
members and corresponding magnetic sensors, e.g. reed
switches, in the opposite one of the housing or closure
25 members. If the magnet are of the type made by sintering,
the somewhat porous structure could be sealed by a
coating, e.g. comprising zinc or a sandwich of lavers e.g.
zinc-copper-zinc or any similarly tightly sealing
compositions. The sealing of the porous structure is done
30 to avoid contamination of the magnet with oil, moisture or

gasses.



30 to avoid contam nation of the magnet with oil, noisture or
- WD 2004/ 104463 PCT/ D1(2004/ 000362 7 The sealing flange of gﬂﬁ%@hrﬁﬁﬁﬁ‘z may
conprise a seali&&mﬁging made froma resilient material, T our rubber
(FPM - fr oY P13 , c.f. www dupont.com and arranged between two
sidewalls of a recess in the flange. In order 5 to inprove evacuation of
the valve, the walls may conprise at |edst one notch fornmed in both of the
wal | s across the recess and, optionally, also in"a bottomwall of the
recess. During evacuation, the fluid can be forced g

0f, ot Reaualnee via
the notch. 1@nEheeuakiug fhynger cheEheoRpFESE FPY| &858 E&%g Sistgh ring,

e.g. made from pol yet her et her ket EEK:-exilhe @LgtOﬁlddHﬁ?Qﬁ?%%s to
gui de the pi siog WﬁdﬁhérEVlFnﬁ??ggﬁeégvity?r In order to allowthe pressure
di fference betmgen then b&%he,p@r.ﬁ.ommh@lum%oﬁggs%’éi Md control

chanmber 15 to be equalized when_the pilaot cl £ JReaddge j in terdet osed
posi ti on and Heereely twe SioeWalde §§f§b]?%m% ogé? t he piston riq&gggé?be
t of

e o5 O ARy | |5t i pasisage tiet weshl 2 HEAY rtd
he val veS pasbalPe (Ne Lottt ol o

e control chanper. The sa | d~b&=d0cher med
in the pistonyingsr dmt weerch Howeed Bt BN %@ﬁ@ﬁﬁ%ﬁ%&ﬁycaviiy and the
piston ring or between a side of P 'S4 opoine tinel pi sfohfi ng. As an
alternative<m€¢¢ﬁ%uﬂﬂ44(ﬂPQ%?%gii%h§%%%g formed between |j thedpEﬁEoBfring
and the housinp pi reseeit veh y , the5F batd ofaHore tgggsges may be

éhé%?l i hg

provi ded bet vieen t he control chanber and the intake part of the valve
passage, e.g.tha valve via the notch.

gasses. | r

10 The valve may further comprise at least one piston.ring,
e.g. wmade from polyetheretherketone (PEEK) . Tée plStO?
ring serves Lo guide the piston in the cylindrical cavity.

1n order to allow the pressule€ difference between the |

intake part of the valve passage and the control ?ha?ber

15 to be equalized when the pilot closure member is in 1its
closed position and thereby to allow the valve to close,
the piston ring may be shaped to form at least one
ventilating passage between the intake part of the valve
passage and the control chamber. The passage could be

50 formed in the piston ring or between the wall of the
cylindrical cavity and the piston ring or between a
sidewall of the piston and the piston ring. As an
alternative or in addition to the passage formed bétween
the piston ring and the housing OY piston, respectively,

25 one Or more passages may pe provided between the contro%
chamber and the intake part of the valve passage, e-g. 1o

the form of bore holes in the walls of the housing.

. ; . o _
In order to secure the piston ring(s) against aliding o©
the piston, the ring (s) could be arranged between two

30 sidewalls of a recess formed in a peripherally outer

surface of the cup-shaped part of the piston. In order to



the formof bore holes in the walls of the housing. | In order to secure

the piston ring(s) against slidi -
. ng on the piston, the ri
a , in
OL{ 2?9%&%@%@@&@ 30 sidewalIs of a recess formed in aP(g]gﬁ%‘fb@g’waﬂ??zbe
2004/ 104463 PCT/ the cup-shaped part of the piston. In order to WO Y
DK2004/ 000362 8 allow a better evacuation of the valve

the walls of the recess c
oul d be nmade ats8 | '
e east one notch forne
e walls and, across the recess. In order to allowfluid to pgs;nbgﬁfngf

‘the piston ring(s), i.e. between th
), i.e e piston 5 [
of the recegﬁ;&%ﬂéﬂb&ﬁﬁeﬂmevdquaﬁﬁpmjgﬁ Eh%dwgﬁgigrga%hgg?}%iggtgﬁgggglI

into one notch in i
of the bott oFEIRPF égﬁi%gp%g@% édgyaié§59foﬁ@enéﬁﬁﬁssordadnihnb@tbh@fnotCh

: S and out through the not '
?Lge;eigg§m§¢ﬁ?g%%%ggséfggfﬁgrﬁgsotHerrece&e»i%ﬁr@?@e€8§%839ﬁ%# gyﬁﬁéﬁhe
_ _ cCou ave a plurali f .n ’
aspect, the toveas t b)Y, ielobeiaRen i gienol
vpatsonehandt Biet BIECGRcARE 8 éten1conpr|sagﬁ a SE?VO val ve

of th i i :
invenfigﬁfYhggaL¥F8F%§§#kg§dggg?§ﬁeﬁfig Bﬁ;ahbededesﬁﬂqmﬂ Geq e

: : ; : ed e '

i nvention wi kbrReqdgseni bedokohf e a e At FAPera enen o

g(r)a;Mon? he | ﬁ@gﬁgp'@n&?w& %Eﬁ‘é@aglglg%%st%%gtﬂe%@s,Viqawrofixa:waih@ e di ng
between the of the bottom wall- of themre?:eszt aalnlde%u\{cl etvillr(?(;u&l Ry lﬂcpc_gch
formed in the other gidewall of the recess.'In order to
10 improve evacuation further, the recess OY recesses could

have a plurality of notches.

In a second aspect, the invention relates to a vacuum
system comprising a Servo valve of the previously

described kind.

15 Detailed description of the invention

In the following, a preferred embodiment of the present
invention will be described in further details with

reference to the drawing in which

Fig. 1 shows a cross-sectional view of a valve according

20 to the invention,

Fig. 2 shows a detailed view of a coupling between the

pilot closure member and the closure member,

rig. 3 shows a 3-D view of a closure membexr for the valve

according to the invention,

25 Fig. 4 shows a detailed view of a piston ring forming
ventilating passages between the high pressure part of the

valve passage and the control chamber,



pilot closure nmenber and the closure nenber, Fig. 3 shows a 3-D view of a
cl osure nenber for the valve i according to the invention, 2 i shows
a detailed vieW/oﬁug%piston ring formng ventilating paé@%ﬂggmﬁéﬁﬂgé% t he
hi gh pressiY@2(84¢ the valve passage and the control chamber, WO
2004/ 104463 PCT/ DK2004/ 000362 9 Fig. 5 shows a sealing ring having,
cross-sectional view, a lib-profile, and®Fig. 6 shows an enl arged vi ew of
t he anchor and anchor tube. 5 The valve shown in Fig. 1 has a housing 1
form ng a valve passage having an intake part 2 .and ap g Hai3

separ at ed byFQgQIgs@hawﬁeabeeaAingh§1@Ho§GWénﬁbnﬂé?ahégo é§§ﬁ§§£ of a
piston formng a circular sealing _surface 5 on a bottomsurface of a

cl osure fl anyaew,of @HP‘EF €116 The sealing surface holds a lib-profiled
(see also Fig. 5) or an O-profiled ring (an Oring) 8 made of a resilient
material, e.g. rubber. The closure f opRsisht eandipperhaear f ace 9
faci ng towar dia.hé ishoxce %@ﬁ@rrqeﬁi{e%q\%gj \r}? 1%% valve is shown with the
piston in it ugsed 15 position wherein the sealing surface is |lowered to
a position rein the Oring seals against the seat 10 of the housing.

At its opposite end, the piston is cup-shaped wth a bottom wall

1 nd an
upwardl y ext ?}g%(n\gaﬂéi%‘bn iR PRYnd ngaa aoh@mainghbn%‘émiégfﬁr%évgn t he
te

housi ng im 2 nsion to the | ow pressure_par 14@l ygrpassage. The
pi ston forns gapsdgs mmmﬁm@ean4i%&%%@mﬁ?EFf?oﬁ?%h%gl%a? preésure art of

the val ve passage to the con t br oyl alebamk perbes 85t he
pi ston, the p$$%@r%%§é25% atéigéufgaﬂpﬁﬁer _

rimnating upwardly in_a pilot .val e ei ng
cl osabl e the shape of a piston forming a circular seallnd LorTs

in a

on a bottom surface of a closure flange 7 of the pis%on.

10 The sealing surface holds a lib-profiled (see alsgo Elg. 5)
or an O-profiled ring (an O-ring) 8 made of a resillen%
material, e.g. rubber. The closure flapge has an opposite
upper surface 9 facing towards the intake part of the
valve. The valve is shown with the piston in its closed

15 position wherein the sealing surface is lowered to a
position wherein the O-ring seals against the seat 10 of
the housing. At its opposite end, the piston is cup-shaped
with a bottom wall 11 and an upwardly extending sid?wal%
12 bounding a control chamber 13 formed in the housing in

50 extension to the low pressure part of the valve passage.
The piston forms a pilot passage 14 extending from the low
pressure part of the valve passage to the control chamber
through a shank part € of the piston, the pilot passage
terminating upwardly in a pilot valve seat being closable

25 by way of a pilot closure member 16. In the disclosed
embodiment, the pilot closure member is made in the foxm
of a rod shaped elongate anchor with a resilient rubber
gasket 17 which serves to tighten the pilot clqsure member
sealingly against the pilot'seat 15. The pilot closure

30 member is allowed to slide in the anchor tube 18 and can

be lifted off the pilot seal 15 under influence e.g. of a



25 by way of a pilot closure nenber 16. In the disclosed enbodinent

pilot closure nenber is made in the for
. ure m of a rod shaped el o
with a reS|I|qB&“&H er gasket 17 which serves to tigﬁtéﬁﬁpﬂggﬁ%ﬁg?BChor

cl osure nmeRivet

nmenber is allowed to slide in the anchor tube 18 an can

Sealingly against the pilot seat 15. The pilot closure i

pil ot seat 15 under influence e
. e.g. of a WD 2004/104463 PCT/ DK2
10 sol enoid (not shown). The pilot closure nmenber is biased tgagﬁggofﬁg

pi ston which is thereby biased agai nst | |4 ] '
of the fOFCGs&Iéxmicme(ndsielsmwn)sngl’#é H}é)ig?h‘g %%ﬁg%grﬁg%égnignggésédfl s the

5 closure nenber to the
serves both tewatRdctif

eﬁﬁééﬁng& W &4 JepbsfeBdoi higedi agatnsti A§S 21, 22

and to form QuieLy passenss bedseetnfheenont pbl tRRahBEFCand®
pressure part of the val ahBEPeafid Fhé fi gh
val ve, passage, Jhe.pulglsAassaoesuatest eneed 10

bgtreen t he hahtcadi gpvang 2
piston. A cover 24 forning.g tRp palbe efiosheecunmbel erdntde BSTYY ached

i'ng~an

t ; lol=1bun :
o the housi fig’ resiTrent Oring 25 is arragggd I.N %nggﬁxgmﬁﬁjggtmeen
ned to

the cover apgnyBe2housaingerThe bathotor GH&E
: 8
via the pl i Li i
AIternatFvgﬁﬁigﬁgngéhgﬁﬁﬁis?hle%ttggrkgasa%g'%QQUEQSfaﬂHIQUtaﬁght seal I ng
; e b8 and the covér or even the housing de
: _ ton, ich is sh in f : . ;
i s nmoul ded \Mgralrtzei (c):rrzrflealtétﬁl valye PSRl &H]%ioﬁtﬁe%sg%%%enéj?% lﬁm\?\a;ecllzlg%t >
que(%riﬁ% gLEnn%I}e #! N1 D3 S ehes hadwing rend ei® e of

in one piec
| ow, the cup

material. Th
gravity 18 a

15

20

25

30

PASES

romthe intake part to tPe
sidewall 12 of the piston. A cover 24,

of the control chamber, is attached to the housing. A
regilient O-ring 25 is arranged in a grove 26 between the
cover and the housing. The anchor tube 18 is fastened to
the cover via the plug 27 and the resilient O-ring 28
secures a fluid tight sealing. Alternatively, the anchor
tube and the cover or even the housing is made in one
piece, e.g. by a moulding process. In order to keep the
weight low, the cup shaped piston, which is shown in
further details in Fig. 3, is moulded with a relatively
low wall thickness and in a light weight material. The
geometry of the piston is chosen 80 that the centre of
gravity is above rhe inlet from the intake part to the
control chamber. The relatively slim shank part of the

piston is chosen to reduce the weight.

During an opening operation of the valve, the solencid is
activated, e.g. with a 220 V start-up voltage until the
pilot closure member is released from the pilot seat. At
this point the voltage applied to the solenoid may
typically be lowered, e.g. by chopping up the applied
current into smaller bits with a certain chopping

frequency or, simply by reducing the applied voltage e.d.

be lifted off the

spring 20 couples the

on arong the inner_sidewall _23 of . the housing
the sidewall 12 of the

5 the cover



control chanber. The relatively slimshank part of the 25 piston is chosen
to reduce the weight. During an opening operation of the valve, the 62
solenoid is act}g%&fd, e.g. with a 220 v start-up voltadﬁfﬂ“F#WM@ﬂ% pi | ot
closure meMRAGIMIY eased fromthe pilot seat. At this point the voltage
applied to the solenoid may 30 typically be | owered, e.g. by chopping up
the applied current into smaller bits wittth a certain chopping frequency
or, sinply by reducing the applied voltage e.g. WO 2004/ 104463

PCT/ DK2004/ 000362 11 to the size of 110 V in avergﬂe. en 1hHe Rideot
closure nenbgrths &ekeasEdilpolh thea¥ekedeyatitGih FHS Re-Sut I%et” part of

t he val ve passage evacuates the_contr gbeg;caneh am tpwarditledi rect ed
force causedmﬁwg?ﬁelﬁrE§ ﬁ?@eg 3??Pe%§%t%§? bet ween t he press&re]in t he

i nt ake part §B B8 VALVEaD9sSpaesand efrecprEssuitbel FOERE o hanber
and outlet p rff, respectively, starts to buildsté% b‘{p% é’?fgéé{ﬁég hi gh
pressure in the ant apwapdly SEeFEth LNCS F&Y ower surtace of the bottom

wall 11 of t %ﬁ%%%g%?i%iﬁb%%m&ﬁﬁf1§%§Eﬁ%s@b&boﬁnammaninﬂ&kaugﬁwts@ﬁfaoe_of

the cl osufe € sane applies to the relatively . |lowp in
the outlet paife aadvinphisseentas WisaEress3E8 ng* i(599° d %rb jlﬂ%ﬁe édl rect]:'sons

on the | ower surface of the closure ;. .f e ARG the wipPed spir feice of the
bott om wal | And ButéShe PG el F STRRER eJre?ﬂguesytt 0 the different sizes, of the

down and upwardl y :dihectadys Whasturd him ridsul itntaged et FevesPrHR ﬁ?st on
upwar dl y fromits clode position to its qﬁen ﬂgsiiigf. eghﬁhghgbéaon
noves to its mpeiges tawrface toe PredRf Pt e ow and hi gh” pressure

Eo 5 ot o TSI YA geerts shetasheofpihengisun
with the pressire,of7t heheyabatee passhies Yo the relatively 16w pr _
in the outlet part and in the control chamber acting in
opposite directions on the lower surface of the closure
flange 7 and the upper surface of the bottom wall 7.

15 respectively. However, due to the different sizes, of the
down and upwardly directed surface, the resulting force
moves the piston upwardly from its closed position to its
open position. When the piston moves to its open position,
the pressure in the low and high pressure parts of the

50 valve passage egqualizes, and via the outer passages and.
the pilot passage., the pressure in the control chamber 1is
also equalised with the pressure of the valve passage. As
a result, the upwardly extending force caused by the
pressure difference terminates. At this point, the piston

25 ig held in its open position by the coupling between the

pilot closure member and the piston, i.e. by the helical

spring 20.

Fig. 2 shows an enlarged view of the coupling between the

pilot closure member and the closure member of Fig 1, |
30 includiﬁg the numerals of Fig. 1. In the enlarged view, it

ig clearly seen, that the coupling spring 20 is fastened

fixedly both to the pilot closure member 16 and to the



a result, the upwardly extending force caused by the pressure difference
termnates. At this point, the piston 25 is held inits %gfn Eositio by
the coupli gg fmiNeess the pilot closure nenber and the pi $2(04/8003 t he
helical spring 20. Fig. 2 shows an enlarged view of the coupling between
the pilot closure nenber and the closure nenber of Fig 1, 30 including the
numerals of Fig. 1. In the enlarged viewl?t 1is clearly seen, that the
coupling spring 20 is fastened fixedly both to the pilot closure nmenber 16

and to the i |. WO 2004/ 104463 _PCJ/.DK2004/,000362 . 12 -pi st oy way pHf

| ocking a fi Pé‘rﬁtﬁﬁdGabVayﬁonﬁd#ﬁ%PWoa F55ved ™o = :g%sg‘_f Q{ihngilg?@st on and
pil ot closur r ragPed ibvel Yhicthe held edlcsprdlrgsulds wenledr i s
arranged to Sgggggghggﬁi?ot closurg menber agai nst _the pi ston agﬂ¥ﬁ t her eby

to bias the pespertdgailyst Thes helldsed sosirgod?: pretes HFHHAIENET adi al
outwardly extending fla 3 f. 1 I.Lo | r e rﬁggt The.pi | ot
passage 14 iblaéoﬁgFrFEggﬁ;6éﬁgﬁgﬁy9§ﬁ%e#h§9%ﬁ§%§1tfgﬁ 32 Sg%mpen wi der
part 33 and ther Bak @w palds Fheobitdterpassdget s teevaldsrtl WP EIPH surface
35 form ng an angl e of approx. 45 degrees, to the centre. axi fo4 he

pi ston and passsges pgRTFt Fhe @ (S’Frltf‘a“’adrldaﬁ F* e#?’ﬁo@n%%?ﬁ%-C
view. The | f.4lE 4 qﬂgrkp%@ﬁygy_ﬁgﬁg L 1464 fpdeeshye m4 hies si dewal |
12 of the cugﬁgﬁgﬁbgggg?i%% the piston servegéiq 1§Qﬁold tQ%@Eist n rings
(nuneral 21, cAsitrikitgd Yewardlacad thee trensidsi gy 320 oraRY UeToss the
recess, i.e. in both_ sjdewalls and in.t t t e KE&GESEad
serves to emi&ice 3t & 5_13?5? trii"‘roﬁo"(/éﬁa\r/}é: [&% gog e%%éé%%%npl etely between
each openpng ,Are & QRivThEEWEKSing it \ealglee of approx. 45 degrees

to the centre axis 36 of the piston and passage.

In Fig. 3, the piston 6 of Fig. 1 is shown in a 3-D view.
The lower recess 41 and the upper recess 42 formed in the
sidewall 12 of the cup-shaped part of the piston serves to

15 hold the piston rings (numeral 21, 22 in Fig. 1) in place.
The notches 39, 40 formed across the recess, i.e. in both
sidewalls and in the bottom wall of the recess, serves to
enhance the ability of wvalve to be evacuated completely
between each opening and closing segquence of the valve.

20 The recess 43 formed in the circular closure flange 7
serves to hold an O-ring or a lib-profiled ring of a
resilient material for sealing against the seat 10. Also,
the notches 37, 38 made in the sidewalls and optionally in
the bottom wall of the recess and facing each other across

25 the recess, serve to enhance the ability of the valve to
be emptied completely between each opening and closing
sequence. In Fig. 3, it is clearly seen that the opening
of the pilot passage 14 has smoothly rounded corners which
enhance the flow and the ability to empty the valve

30 between each operation.



20 The recess 43 fornmed in the circular closure flange 7 serves to hold an
O-ring or a lib-profiled ring of a resilient material for_sealin i nst
t he seat 10. Algé 163 he notches 37, 38 nade in the si deméfqgn]g%ﬂgﬂg%)?%nal |y
in the boM{QHI® & of the recess and facing each other across 25 the
recess, serve to enhance the ability of the valve to be enptied conpletely
bet ween each opening and closing sequenteé. In Fig. 3, it is clearly seen
that the opening of the pilot passage 14 has snoot hly rounded corners

whi ch enhance the flow and the ability tp enpty_the VRa30ahetineenr each
oper at i on. V#ﬁlgo}gﬂéﬂﬁﬂ%ﬁnﬁ’cismg‘@ﬂ/@%%’ﬁ?‘n%B r_th ]6}(21 on-ri ﬁg is shown in

Fig. 4. The ring has an_i nner. .su e.fid Hasipg badandsouberpFY¥EEACEnd an
out er surfaceurgg?e4‘64f SerFhg Bﬁ/g% ggt e V\gH of the cylindrical gayty of

the housing. ,Due, kot henst eppeddeutbe wallagé, they Syt T§ passagés are

fornmed between’the wall and the parfs o per jrRherRlfedef, ace of the
ring wher ei nofheher hduglingi.z Sues t§ %‘Fegg?bgf%g %t e surface 45 in Fi

9. 4.
e g % e ilaseY W0k Foseakl betvisen Sheowald It
nat eri al $orvf3ﬁ§1j'3%é§1§ %%@,SS""\Q@% ae %o

shown. The rin has. a. | l-ReQf idied shape.
Fig. 6 showsantenioa gewk \deavipafertetie sardiRGS g’dfd]t&het olrt?gtu}%e of t\f/\tg val ve
disclosed in"Fig. 1. The |ongitudinal Ly . extigendipeFffo0ve ¥rdoves 61 in
t he anchor semgéatlo S%&%t%“at]ﬁeess%acle'e& bound by the top surface 63 of
the 15 anchor and the anchor tube 64. The grooves termnate at a point 65

in the control chanber. The valve is. di i Qpegs §0a&80ing heinax? kuaf
possi bl e traviel Hizof5i e %%rs?%tlcfd%{r%eqfit han the maxj num p@ési QELSF
S e W rl

travel L1 of {he olnsure niBgbes) 4todaces draghys #heipi FBPYDa
remai n open 70 Ut ng the opening of the valve, even when the closure
10 has a lib-profiled shape.

o an enlarged view of the anchor and anchor
1. The longitudinally

Fig. 6 show

tube of the wvalve disclosed in Fig.

! to
extending groove or grooves 61 in the anchor serve

the
evacuate the space 62 bound by the top surface 63 of

i at a
{5 anchor and the anchor tube 64. The grooves terminate

. . . a
point 65 in the control chamber. The valve is dimensionec

is
so that the maximum possible cravel L2 of the anchor

re
larger than the maximum possible cravel Ll of the closu

member 4. Accordingly, the pilot passage will remain open -

e
20 during the opening of the valve, even when the closur

it i eature
member isg in its maximal open position. This £

improves the flow out of the valve and thus supports fast

and complete evacuation of the valve.

25



menber is in its maxi mal open position. This feature inproves the flow out
of the valve and thus supports fast and conplete evacuation of the val ve.

i 25 14 CLAIMS. 1. A servo valve for a vacuum system conpri sing-a housing -
.(1) defining a control. chanber (13) and a val ve passage (2,-3) haV|ng a -
fluid intake part (2)-with a first pressure and-a fluid outlet part (3)
with a second-- pressure, the parts being separated by a closure .menber (4)
nounted i n the housing for novenent bet an open and a closed position
under infl ueemraMef -a difference between a control pressure of the control
chanber and the first and second pressures, the open position being a
posi ti on wher.ehnsdrve V@erfgagsagenmssnw@ﬂlb@uukenmlﬁehOWﬁﬁﬂke part and the

outlet part flnddéﬂ%ﬁ&%s%dne&% Ehé}z@)erbeiﬂgaadM)SEI\}é)@aM@feel n the val ve

passage is closed between.th take tlet part, the
control chalfber! BERY i I%11 ’Lffdn BITHAT ¢ ca{| ol vvl?h hoé intake part via a

constantly Qp@ﬁmpassageiémdl®ewhgeqmﬁGGnE$0W1%bPeNHFPG|d comuni cation with

the outl et %&Esyﬁ@ Bndida0ts PRARSANPak1dda vhei RYosi@Sablesby a. pil ot
cl osure nenber novabl e reI atlv%cko the cl osure menber (4)

between an offén™ %ﬁgf?lﬂht&ﬁéFﬁfﬁn?hg‘ tpassage (14) 7S open and a

cl osed posi tandna wHersed reashelpi Iuetielp&$1§é@@°(elﬂf§ a iilsff@lfG?s%%i to influence the
control p&e%%lﬂg@eml By gRssuel: Jﬂq?héldoiﬁ:rolpﬁ:ﬁ&ﬁiﬁl reaﬁﬁihfﬁge Secogd
pressure epgndi e position Lhe t.C re_ member, an

t hereby for ’58%f%€1??%§g‘ vemsnt - ‘of t% & %ﬁ?éoﬁéﬁ%gﬁ 14) between its

cl osed and igesippenvpossin ke wehEe pialsét‘g%ll@s?ﬁeé‘ Refiser t¥a6) _ being
fastened to Jtnlﬁ@k@l;ﬁ&b”ﬁdﬂaﬂ@&fut\lba At and the closed pos:LtJ_op

being a position wherein the valve passage is closed
petween the intake part and the optlet part, the control
chamber being in fluid communication with the lntake part
via a constantly open passage and being in controllable
fluid communication w1th the outlet part via a pilot
passage {14), being closable by a pilot closure member
(16) which is mowvable relative to the closure member (4)
between an open position wherein the pilot passage (14} is
open and a closed posiﬁion wherein the pilot passage {14)
is closed to influence the control pressure mainly by one
of the first pressure and the second pressure dependiné on
the position of the pilot closure member, and thereby for
controlling movemeﬁt of'the closure member (4) between its
" closed and its open position, the pilot closure member
:j16{ being fastened to the closure member via an
| elastically deformable coupling (20), characterised in
that the pilot closure member (16) is biased against its
closed positions by an elastically compressible member
{(19) actiﬁg’bgtwgqn‘the housing (1, 24) and the pilot

closure member (16).

2. A servo valve according to claim.l, wherein the'pilot

passage (14) 1is formed in the closure member (4) .



el astically deformable coupling-(20), characterised in that the pilot
cl osure .nenber. (16) is biased against, its closed positions by an
el astically conpressible nmember (19) acting between. the housing (1, 24):

and the pilot closure menber (16). | 2. A servo valve according to . -
claiml, wherein the pilot passage (14) is fornmed in the closure nenber
(4). 1 15 3. A servo valve according to gkai ms. wherei'n the closure nmenber

_is biased against the closed position by an elastically conpressi bl e
menber (19). 4. A servo valve according to clains 2-3, wherein the pilot

cl osure menber (16) is rmoyable fromits-closed . posifion to its open
posi tion viagéléb %5H§gﬁ ?F% a&&ﬁf-%QﬁLt%LgL§¥@$V§T%hIr e%%t%rﬁ?%g to any

of the precedioguekamefberVier elitiddi® fyd DisPagsngel dddd HOEIB18nSHY! Ler
cross- sectional opening than the val ve passage (2, 3) 6.” A servo val ve
accor di ng t oSARFLIFaLLYi REMPrEssjifidieiTemigie Chtr ol chamber (13) is

| ocated in continuation of the pilot passage (14). 7. A servo valve
according to any of the preceding clains, wherein closure nenber (4) is
shaped and afr aflg€8¥WPt Halvespecrtds iheE hotsiing (23 sovhemeint sheentre of

gravity is defipedihetyeenotdlye @agsage (Fade 31 he comiLoly chanber

(13). 8. A servo valve according to any of the preceding clains,~ wherein
t he cl osure pe#beiofdfoi stshapett @ tpist onand ecrramgptet dcnove back and
fourth in a;ggé&g 553?' cavity of the housing (1). i : :

5. A servo valve accqrding to any of the preceding‘claims,
wherein the pilot passage {14) forms a smaller cross—

sectional opening than the valve passage (2, 3).

6. A servo valve according to any Qf'claims 2-5, wherein
the control chamber (13) is located in continuationlbf-the

pilot passage (14).

7. A.éervo valve according to any of the preceding claims,
wherein closure member (4) is shaped and arranged with
respect to the housing (1) so that its centre of gravity
is defined between valve passage (2, 3) and the control

chamber (13).

8. A servo valve according to any of the preceding claims,
wherein the closure membexr (4) is shaped as a piston and
arranged to move back and fourth in a cylindrical cavity

of the housing (1) .



16 9. A servo val ve according to claim8, wherein the closure nenber (Z)_e'”
and the cylindrical cavity have circular cross-sectional matching shapes,

and wherein the constantly open passage- is fornmed betmeen a si.dewal | (12)%_L‘

of the closure menber (4) and an . inner:sidewall (23): “the .cyli ndri cal’,
cavity. 10. A'servo valve accor di ng to clai'm8-9, \/\herel n the pilot '~ :
passage (14) is forned coaxially wth. the I sure .nenber. (4) 11. A servo
val ve according. to clains 8-10, wherein tf pi | ot ‘cl osure menber (16) is

arranged to nove back and fourth in a cyllndrlcal cavity. with a travel

which is larger thaihe wPéPV@'a@éoi—Hfﬁﬁ' e8UEEaTRIRE! w11y dheeryo
er

val ve according to any of clains 8-11, ein e Closure ne (4)
forns a seali rﬁgofﬂta?ﬁgé“qmef of4) candi hget hglﬁcaﬁvece&seaget@;zha\@, t he

cup- Shaped pRT LI R SRS G oaR Ba At to) ohAPAG 200t tbiRkeIR thai)
and a si dewal |coﬁ'1h2‘,)a.rfr)§il3embétg ﬁi@é@g@elgofégﬁéwabgtw[egwar d%l%-' . gﬂzj n a

direction opposite the direction:  towards:the sealing flange, "and-th
cup- shaped paPt qlﬁ@‘@?%d@f%{ﬂleeghéﬁk pefingni dpned eddeialllly. (AR, JF ser Vo

val ve accordi pggt Q:ﬂ’ﬂld?.flcﬁf' J;%1;2 wheiei n. the cl'osure menber:(4) -

conpri ses at | east “one recess conprising at |east one notch (37, 38)
formed-across the recess. 14. A vacuum system conprising a servo val ve

‘accordlng to 1@“yAP%e&@%lv&%#%“&&%&%&&ﬁ@ to claim 8-9, whereln the,
pllot passage (14) 1s formed coax1ally W1th the closure
member (4) '

11. A servo valve accordlng to clalms 8-10, whereln the
pllot closure ‘member (16) 1s arranged to move back and
fourth 1n a cyllndrlcal cav1ty with a travel whlch is

1arger than the travel of the closure member {4).

12. A servo valve accordlng to any of clalms 8-11, wherein
" the closure member . (4) forms a seallng‘flange {(7) forj |
closing the wvalve passage {2 3), the seallng flange (7)
being connected by an elongate shank (6) to a cup-shaped
part (11, 12), the cup-shaped part forming a bottom wall
(11) and a sidewall (12) extending from the bottom wall
towards an opening in a direction opp081te the direction
towards the sealing flange, and the cup-shaped part and

the elongate shank being formed coaxially.

13. A servo valve according to any of claims 8-12, wherein.
the closure member (4) comprises at least one recess (43)
comprising at least one notch {37, 38) formed across the

recess.

14. A vacuum system comprising a servo valve according to

any of the preceding claims.



