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WO 2004/ 104463 PCT/ DK2004/ 000362 1 A SERVO VALVE FOR
A VACUUM SYSTEM I ntroduction The present invention

WO edoatietés 0 a servo val ve for opening and cl oBCTDK2004/000362

passage between a fluid intake and a fluid 5 outlet of
a vacuum systemand, in particular, the invention
relates to a valve which can be inserted in systens
with high and | ow pressure differences and which can

d wth sinpl tuati . Back d of
Frefi ibol 4ok 4 Vadull S95ER, "Vl Ves Tor pressure

systens exist in which a piston, under influence of a
ressduettohf erence between an intake or an outl et
port and a control chanber, is novable between a

Thesgte et anePeni eskél 8Pes DU 40se¥68 9h14Befor opening
pressure difference, such valves are operable 15 by

WY SFOF BRI Ver§S_FepPet weenat of subdviingakel emdpewdiuid
SONPUIRLE On AU YR GhLecf: Gng Vi 2ndpspLeng d, ThE,
actuation may be artanged to nove a pilot Vval ve
Bnvemgeoh t vebpees oto gl vskva fhiutd passhageihetween ane

of the ports anqgthe control chanber, _For vari ous ,
THATIR, V1 5FRFng vavvREeSSHrer I Af erRPAGSapeInyhich

Saith 1188 Spd 0Lt YACHLIEN SY SHETE. 2a8cFat iOn £OYASCLI ON Wi th
| eak detection applications. In such systens, it is

i mportant to avoid any residual fluid in the valve

BLENERSIEACHE opes i hPant hepeof . Accordingly, valves
and simlar conponents of the system nust support 25

fﬁ”@%ﬁgﬁényQQ?&éoyaf@ sdﬂgrhgr@séﬁkétg¥§£¥m exist i
compl i cated structural |ayo wi th vartous Farger and
wvidh e phssagesundennecflngntheopoat srasshrehdifference

ggmidgl Shorben e Tase L pLeall 8 pLoblep Wil o
ﬁ@rm&a@idﬁﬁeﬁb@emed@s@@eéﬁ&ean39;f>éﬁr§§§i§i6ﬁr.tEh@ to
pre-specified pressure difference. IT a

use of the pressure difference, such valves are operable
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 open or
close a fluid passage between one of the ports and the
control chamber. For various reasons, the existing valves
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
complete evacuation and due to a relatively complicated
structural layout with various larger and‘smaller passages
connecting the éorts with the control chamber, drainage is
typically a problem with the traditional servo valves.

Moreover, the existing servo valves are made to operate

across a certain pre-specified pressure difference. If a
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CONFI R(VATI ON COPY WO 2004/ 104463 PCT/ DK2004/ 000362 2
val ve which is designed for pressure differences in

wo b@4/10a685)e of 1- 100 bars is inserted across aP@EI/BEIWMM00362

differential of |ess than one bar, the pressure
difference would normally not be satisfactory for
openi ng the valve, 5 vice versa. Miyreover, since the
pressure difference disappears shortly after opening
the valve, the servo effect of traditional servo.

Yk Ve swinbel ol 8l deppdasd FoF Prafsureadenfereagesi dRathe
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DescCription o e invention It Is an o one
@&hbbeiremint a bf of hkepe esleat omeebhérontheoppesgide difference

val which is designed for_a vacuum system, whjch

AN BT REBH Ed Bet Woet? br S5eGr ez i FPB! SREBS G Chee¥alve,
thed vEesdarmosasvah) chicas shel bro8s0pPENgYr¥ERedce
servo 15 provided force with the use of noderate

{breRRSarAcelrEr Hyl 3L teheopreieat thavEntven ForaBesveo
%Fﬁééyoofv ééﬁéf%ngiV§§P9§1§%§%§§"%BHE&'8H8g€§ear. For
chanmper an

ousi ng defining a contro ava
pass ageasanj ngraditiomkl ntakeo paltvewi heanbtr abeful for
internal pressure and a fluid outlet 20 part with a
EEEOHY ?%$%$%%I pressure, the parts being separated
by a cl osure nenber nounted in the housing for
$mvenﬁnt.betm§eq?an,o en and a cl osed position under
BFFTEREEOR OUi FRRr ERERELB ween an internal pressure

of  the control chanber and the first and second .
Thtd? mar 287 9flesetirese eekpeenenel 9f the Bperepbsinvention

el NG gPosif bn;Lh passage. | e
R R S i e
wobkih | omn viber eisetthed hatweepassagsurs dlibsedehetweeli less

e LU0 i PR O SPEPOL. P800 G008 L ed Y,

provided force with the use of moderate forces.
Accordingly, 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
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
pressures, respectively, the open position 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 connected to the intake part and to the
outlet part so as to enable ite internal pressure to be

switchably controlled mainly by one of either the first
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30 outlet part so as to enable its internal pressure
to be switchably controlled nainly by one-of either

wWo be4fid44s3 WO 2004/ 104463 PCT/ DK2004/ 000362 3PCTYDRROVEI000362

pressure or the second internal pressure for

swi tchably control Iing novenent of the closure nenber
between its closed and its open position, vice versa.
Due to the connection of the control chanber to the

1 nt ake art and to t he outl et, art enablln

etra?&m SHMTDCTHfEhG R @5t r@r%‘mt@ for
Shamah 1 M de 1GRN Rfrenfle! aled by UsSs@fe thgnber

pressure differences W thout exerting excessive
itre Wlomd entenider anrsn feesi bl il ovl passerea -
between the 10 outlet and the control chanber, said
pil ot passage being closable by a pil ot closure
ke mn@crm\mblcef rélatduetal t¢thmdbasure reabbntake

mher the il ssage iS
p%%té:n aglrld oseog1 pOSI topart agr%félrr%gt% %c(ﬁ?aoﬁ Geaeol of
the qimm/\hﬁn gHee ol ll ScHimbdrt e nelesl \t@lx@@e@antb@
pilot closure nmenber is noved to_ jts open position,

qpeéfa%?dpé%}f t46h Uhdhs PRIFE WG o1 plreerres | el gyt
Men £:pe DAl Rassage.apens, the control chanber is

in fluid communication wth the outlet part of the
val ve passage and the pressure thereln bet ween

1eal %%nﬁfé:ro rr%l&P %é’m & g% &%5%@&%% €he
IS capable o novi n e clo romt
apltdsed amdd tihee apert rqdositandrer s sﬁnérpﬁhnlt Mhesagdebeing

| osyr.e nber ved the pressure .in, the infake
S B R, Jai SR dowbt & Ss
ﬂéidﬂhéélﬂdiﬂ%H“BMBéﬁﬁé‘Hkm%éf‘EéEWé@mt&@| ﬁ@@ﬂ@@éltlon
t he pressure di fference between the control chanb

vdereive th&ttmk]@tpatﬁtsﬂﬁgq hes e s wﬁs@g&@ﬁ%@p@@m’@mn
v&té’]rcejtrk Slulro Sl’br séjag]jcef & nc?foggé bv?&lgn utEhJa '%gijvé O g
intended to open, the pilot closure member is moved to its
open position, i.e. a position 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.
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
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,

depending upon the orientation of the valve and the flow
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menber in its open position, the closure nmenber coul d,
30 dependi ng upon the orientation of the valve and the

w0 baw/1v@62004/ 104463 PCT/ DK2004/ 000362 4 speerCDDKR618/000362

fluid flow ng there through, nove back to its closed
position. In order to avoid this, the valve may have
a pilot closure nenber which 4s novably fastened to
the closure nmenber via an elastically deformabl e

a_a resiljent rubber band, a_spring

|
%ﬁ%ﬁdagg tgﬁeﬁ?&é¥ §pPYHEIoF G §PHPP§P'aWPHﬁg@ﬁ€HttO its

éﬁ@@@aeF8§19§bﬂg Iﬁt5§&899g095§§EBC§hH¥ tRe valve may
part|CU a sprirng w sprin ConStant in the

haﬁgeaoP1©O5 ngsurﬁnme@bgr whichniis m@vsbﬂyaﬁbethuedato
%ﬁ%_?lgéﬁge ge ¥acuun1s ”‘ gg%llo ég%ngagﬁé coupllng,

ensrone 0 app OX|na
approxkaaaekys3lmahtlﬁubbderbaﬁdprangelhbesm@hvastIh
a "norfa cl osed" characteristic, the closure
Rehber! cBBF4NBeCbi KiadS APAl A%t AXEABIENEEEICEBEPLRoR ThPEing

@@r@ﬁ@ﬁé&céh5¥t99QP1§SSEH|Ea?@ggﬁﬁarl5 e gpyhg%ﬁble

or a helital spring etc. prefer
@Prbﬁgc¢©satenhembetheandnghusftbe56peﬁlNgmmand g. 1 N/mm.

d_el i cal ly,
57 S EBrRAe 081y 2 FRLURaLPRal 15, 2hyarHUM CHPEyor e

SpHPhy maRnbal p¥eviandipHsel 6 9?bko§ﬂh&@@ly|g ANYi.e.
case, in order 20 to reduce the force which is

%%E%%%b??t?%yoﬁemmthe valve, it is an advantage to

formthe pilot passage with a snaller cross-sectiona
area than the opening of the valve passage, e.g. with
Hh @Feéari hotheoside bhesvabvei wesh sminpsmathunciheed”

@ﬁ§fa8£e£b§t¥§lV@hQaé?ﬁQSreZ%?&$ﬁ§oggu Bpkécggagga’agglnst

I h connection w ve 'n—a vacuu
swetehméed beakt tleh by i an, elastscablyobprpiebgiblisunémber,
that all_resjduals of the fluidijs evacuated fromthe

Sa¥ ve? bt GRER BaEWPRPENTAY GRdaclBsiRgl 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
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 valve
passage, e.g. with an area in the size of 5-20 times-

smaller than the area of the valve passage.

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

advantageously be arranged in continuation of the passage
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sequence. For that purpose, the control chanber may 30

advant ageously be arranged in continuation of the
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fluid outlet to the closure nenber and preferably, so

that the chanber and at |east the outlet part of the

val ve passage is coaxially arFanged. In fact, the

outl et part of the valve passage and the control 5

:%%?nber qﬁf be formed as one | ongitudinally extending
Bt t hl vt neuhbeisi . thheckearragnaehsEr 286ul d be

g Feeh1as, 2 bal tnyal vee °éh§r§bé‘r Qﬁétge %QQE%H?I 8Htlet

move back and fourth in a cylindrica cavil
Hﬁ%&l@@ tH@eV@1%¢Oma@m@g@yi$ndmaxaalbgvaryaﬁgedathafact

n h|n Cros ect shapes. However, in
A T S R COF SR AT PR S SBHeYE obfereli o
mmwm@g@et@om@wai@ dhe Pahg St AaliyCkBENding bore
cross- sectional shapes allowing the cavity to be
Yy Ble ahowdtegnol e. 15 In order to inprove the
sensitivity of the val ve, is an object both to

keep the wei ght of the glston | ow. Accordingly, the
%ﬁ%twmw%@ow ho¢ hfeEmadi as pabesl wah@e;/oa as a

§§§£éﬂ§?%lﬁggﬁb&8n8§8ﬁegn&p§§%9£¥he Cupcg%lndglcal

cup ghaped an el ongate sh
@Oy pay tof oring nigowas g t oheveh 1 s aca andld§MﬁhHr$thndav@ty

rom the bottom wal wardly towards an opening in a
?&%Y%nan%pfﬁ%‘é?%mah AP e’ ?Bh@%ﬂﬁh@@?ﬁe He¥PVRE

&f@é@eco Thepp Pt Ot hdaRSRAIe EAArPEg T QEMELei D5l ge the ig an
shank of the piston and the seallng flange, the

&ﬁ}pa%mmdtcpa@r@ah@e ttee 2520t ®ngate shaﬂkleancbess -
d t I
SHESREEPI A D00 o0 SURNES, B PACEHERAALS =

b@iélh@ﬂ@ur|ng its back and fourth nmovenent within
the cylindrical cavity of the

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, the cup-shaped
part forming a bottom wall and a sidewall extending from
the bottom wall upwardly towards an opening in a direction
opposite the direction towards the sealing flange. The
pilot passage can be formed inside the shank of the piston
and the sealing flange, the cup-sghaped part and the

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

centre of gravity along the centre axis of the piston at a
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housing, the piston may be formed so that it has its
30 centre of gravity along the centre axis of the

w@Ratamies a WO 2004/ 104463 PCT/ DK2004/ 000362 PGI/DK2004/000362

position between the bottomwall and the opening of

the cup-shaped part. The above descri bed specific

cup- and shank shaped pistonswith its centre of

gravity in the area of the cup-shaped part enables
| ow, vacuu

BPGLCtPBoEPhAHS FARgBOBF oM 614 Andh kbEo0nsaR popafi e

ORSNERGpEA phetValNe, abbeePELAErELRIULRPBFRE! WS- and
lifted ?ron1|t$ cl osed gosltlon by novi ng the pil ot
eharkr shaprdepifhon Witkcitencanayef pénprheipystionthe0area

usy e.pi a pen. The,resulting,
%?e§%§?%ﬁgd?géégénggégegﬁgége he~Co ?rsﬁecﬁghﬁgrlgngery
ldre vatake, pary. bh phesyalwe passhgergaysessttheio™® -
| St an EP nmove upwardly and to open the valve
ai g8=%Buring this novement, the piston again comes
closer to the pilot closure nenber. In 15 order to
avojd that the pilot passage cl oses_when_the piston

%D t SRERH9 t pk PP oratyesurBeneiber, CLREUNEXMRTIRET 1S
possibl erbhayel efotbe ﬁbég£i8£oﬁyrﬁoggggg%8gﬁ ilot

advant ageously be larger than the corre

P woen mposstbie & rdveécbiobhewpystoom Eher padtbhe
ition_of the 20 closure nenber and/or th osition

EPot a8 oo D Lol pEe SRaTusr  SPRE- vARFerRRYLRAVE Bressure

DL £ PR enSBJPEt Bech NERE POGARE 211 BLaRBeOf ahhetRAUSHREKRN part

in the closure nenbers and correspondi ng nagnetic

Qenslae svakvy. Presge sopendsthenpi Akobpposinpeeonpwefrdly

j e . nagnet are
L8 015000 e S OENE a0 TREDhaLhl LT RIRERSRES e
Bisuoh urgatoutonde sbated by Bhecpdlobgelsgre member. In

risin zi$c or. a sandwi ch of |ayers_e.g

I * CppRrey T ntiRy Wy B nPF aPR§SEPghel 9Seearhag the

piston moves towards the pilot closure member, the maximum
possible travel of the pilot closure member may
advantageously be larger than the corresponding maximum
possible travel of the piston. To read the position of the
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
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 layers e.g.
zinc-copper-zinc or any similarly tightly sealing
compositions. The sealing of the porous structure is done
to avoid contamination of the magnet with oil, moisture or

gasses.
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conpositions. The sealing of the porous structure is
done 30 to avoid contam nation of the magnet with oil
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7 The sealing flange of the piston may conprise a
sealing ring made froma resilient material, e.g.
flour rubber (FPM- from DuPont, c.f. ww. dupont.com
and arranged between two sidewalls of a recess in the

an%% In order Sto |nprove evacuation of the valve,
The &r!snoeyl2owprPEethatPLERST BAE ABREKRLF6r Aedepding

P9ﬁ§ ﬁédéhﬁr&ﬁ|ésré§{9§énﬁhﬁaté§9§§s éng epblL2nalibber

also in a bottomwall of the recess.
¥R uat fopm Pheott ui d. Eanwie. fopord . oatn) oéndt hereabeed

h. f h
WADS 00 TTE 4811 TRLCLUELTEECOMBELE® Bh orer

'D@|y@ph@ﬁ@t@ﬁi&@é@ﬁ@n@ﬂEEﬂhe vaeepi shenNwal 1 BImS§T ¥BMprise
uide the piston_ in the cylindrical_ cavit I'n

%?dg?a%% %P?d%??%% %@%@%@réndbPFEr@ﬁthBeWﬁé § pREOCSS the
ﬁéﬁ%@ Raat 9f 18ﬁan$ afgssage, aﬂgtEPﬁ %gp&fgk the
C |ze ot C

15'to e equa when the pi osur
eebes . |EurnngtsanM@sEdnposhe|ﬁhuaddcahebebﬁotoedlbuw of

the valve to cl.ose the piston ring may be shaped to
?%?ﬁY%iV?é%%? i “QBRE | ati ng passage between the

i nt ake part of the val ve passage and the control

fhanbei The ss e could be 20 fornmed in the glston
RRgv3 V%e?ﬁ%e ChafPTBE L ERedtc §??ﬁHrPEEIP&§ PRy ring,

ang, tﬁ&d@'ﬁf@ﬂ ﬁé @ﬁeP@EH@@He@on@'Q?ﬂ@kb of thRepiston
piston and the piston ring. an alternative or in

BHAT t $OAVED t@egwa@%a@befpnﬁbdnbenmeaa cyhengrsc@& cavity.
t t
ELNG-A08 L0 POUY! D0 O6-RLELOL o £3RECHLYCLY 22,000

nor e passa es nm I ovi
;mamberpaﬁﬂ &ﬁetm@taxbv@apasségéhanaatM@ passaee, chathber

%@U@%E%g&g{féég &ﬁgg QﬁéegiigttQfogﬁLgsmngggeis in its
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
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 between
the piston ring and the housing or piston, respectively,
one or more passages may be provided between the control

chamber and the intake part of the valve passage, e.g. in

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

In order to secure the piston ring(s) against sliding on
the piston, the ring(s) could be arranged between two
sidewalls of a recess formed in a peripherally outer

surface of the cup-shaped part of the piston. In order to
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In order to secure the piston ring(s) against sliding

on the piston,

outer

the ring(s) could be arranged between
wo aw4301483 dewal | s of a recess forned in a peri POEDERIOE/000362
surface of the cup-shaped part of the piston.

In order to WD 2004/ 104463 PCT/ DK2004/ 000362 8 al |l ow

a better evacuation of the vd ve,
| east one notch forned in both

recess could be made at
of the walls and,

across the recess.

the walls of the

In order to
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the recess could al so be

oW Nng

tHeuiwkltle pash iatmwsnaehwtdresa. ohe afdéhetsi dehal| §1uid
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of t he recess own .into the notch
S 0k R A R e Y dren B arest The Thbston
Aidhethesifiews| la Hotthen MRCESSof |thOreededd dOulAPEDYE be

evacuati on further,

t he recess or

recesses could have

formad aritty BoMictit idslowing Leekhdaspae® , inhe one notch
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€ previous
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servo ve of 't

B USSP 580 e nocn
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view of a valve according 20 to the

haveert idraHiigy ok hmichkeslet ai | ed view of a coupling

bet ween t he
menber,

pil ot closure nmenber and the cl osure
Fig. 3 shows a 3-D view of a cl osure nenber
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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.

to the invention,

Fig. 2 shows a detailed view

pilot closure member and the

Fig. 3 shows a 3-D view of a

according to the invention,

Fig. 4 shows a detailed view

ventilating passages between

1 shows a cross-sectional view of a valve according

of a coupling between the

closure member,

closure member for the wvalve

of a piston ring forming

the high pressure part of the

valve passage and the control chamber,
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val ve passage and the control chanber, WO 2004/104463
PCT/ DK2004/ 000362 9 Fig. 5 shows a sealing ring

whawingi46d n a cross-sectional view, a |ib-proPCT/®K2ea000362

Fig. 6 shows an enl arged view of the anchor and anchor
tube. 5 The valve shown in Fig. 1 has a housing 1
formng a val ve passage havithg an intake part 2 and

an outlet part 3 separated by a closure nenber 4. The
cl osure nenber has_ the shape of a piston formng a
EiPcuP aPheus| #ngealiirdcEing BAVAlHot &BnPsGEPsSe Selctdonal

Ghagurg ihﬁnﬁﬁof19é thggpi ston. 10 The sealing surface
hol ds a 17 b- profil ed (see also Fig. 5) or an

Oprofiled ring (an Oring) 8 made of a resilient

ﬁﬁé?fsaéhoﬁsgaanH?§£%e£h€ g%péfrﬁhglgggﬁo%agn%? chor

opposite upper sur aC|ng fowards the 1Nt aKe

pabe.of the valve. The valve is shown with the piston

inits closed 15 position wherein the sealing surface

iIs lowered to a position wherein the Oring seals

dgai metvehehgeat id0Fd§. tLhkahoashogsiAy Lt Soapposi bevalve
ed MAt a bottom wal I 11

h h
RO 3K BAT 7y~ BRI RGEST ReAarRd 28 BUERGENG=4T o

sepirategheypber c18sfipeMRdmbart Be RAESENGshRe?Rember has
extension to the |ow pressure part of the valve

plag salgere qﬁeappsﬁbﬁnféﬁﬁﬁlagpﬁl@@rpaégag§e§41n9 surface 5

t r I ur f | v
%és%ggggg%$t%H}%%§ roflchéﬁééurg Er%ﬂa% %a&% pgﬁﬁtgn
Dhe t beapisg osurfhee phbdlispasiageprb €l Medat(see up\@@r dhiy. 5)
in a pilot ¥ai%§ seat being cl osable 25 by way of
oF | B %rB‘é% L REnberd 1621 H-FhBId] §cT“6§§dOfeﬁbé‘@|SH%ﬁtant
hi€ePL4Pt &lQsur ernks n Y
shaped eidﬁd%te gﬁgﬁg? 3F%hcggggﬁ? F%%ggé E%ErgB %Ekgglte
ugreni sirfaceed facinghtewarfie phbotntbhsupernemﬁethe
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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 sidewall
12 bounding a control chamber 13 formed in the housing in
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 6 of the piston, the pilot passage
terminating upwardly in a pilot valve seat being closable
by way of a pilot closure member 16. In the disclosed
embodiment, the pilot closure member is made in the form
of a rod shaped elongate anchor with a resilient rubber
gasket 17 which serves to tighten the pilot closure member
sealingly against the pilot seat 15. The pilot closure
member is allowed to slide in the anchor tube 18 and can

be lifted off the pilot seat 15 under influence e.g. of a
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30 nenber is allowed to slide in the anchor tube 18
and can be lifted off the pilot seat 15 under

WO pdoknenace e.g. of a WO 2004/ 104463 PCT/ DK2004PCDDRB®4/000362

10 sol enoid (not shown). The pilot closure nenber is
bi ased towards the piston which is thereby biased
against its closed positionladnder influence of the
force fromthe helical spring 19. The. helical spring
er to the pilot closure

20 the 5 cl , )SUr €
%%%%g&%ﬁ@l%%fw‘g@gﬁ%ﬁ? %Js_ 94, ©295¢ErvBTRBrhipobiased
R34 Nendi 5t ool PRYCh hes {RBeLpsi dexall ggﬁgﬁskhﬁs

housing and to formouter passages between
¢chrred | potidnber wndet henhlgtnpe esEutke Parteofrbhethe

vV assage. The Quter passages are rmed 10
%éiﬂ%%ﬁ %%%g? ﬁ55‘5| %3%??15% o?p¥h%gh%§sFﬂﬁpiﬁﬁ Fhe
slaayed |Imdibaf tdeclipd spOlot AcToyere 2demberMhAg 8ht0Biston
wal |l of the control chanber, is attached to the
TRET gl ¢ A2 rRRFY$RPOER rFagdesie sthe rahgeani alangr she
: t over he: housi gy ~ T n t ube
B e 10 e TRe ey e a0 5k (e
pasidgentoDweary @8 sectrel ehdhibed andghthsehlighgpressure
Aln§rn tivel 1the anchor %ube an t he cover or e¥en 3
R HusTHG T3 TRAETrrdhe T cRdt B, BaoBy9a°naardr ig™e
BEOFESS tHd DIEeF & Dd&eLD] the onetght nbe¥inshen8UPhe
shap%%tflston which is shown in 20 further details in

Fidewall ik il derl W Shom- rRl @eYeel 94, | barwang a top wall
. | e I (| Swmang
5@'§%@Q§§n ? gﬂgﬁg%ég,.l %@@ cﬂ@ae%?g%h? ngSlPﬁé %f

geonefry o on’ i's" chosen So he~cen
wwrahlignt O-ahiovwe 2heis nhetafigedn theai grake parbeteethethe

contr ol q}nb r. The relatively slimshank, part of the
GG AU, TRE HILRHT 0 TeURee ke Hebgntt bar FAgtahed to
OReNiEe ORI At 1100 9fud ey Vahyesnd hee 801 e8RLdoLSing 28
activated, e.g. with a 220 V start-up voltage untrl
erures |atf ot irohenterling r ehbBagrdat ivelyhetpel stichor
Eﬁ%g'aﬁg 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 so that the centre of
gravity is above the 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 solenoid 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.g.
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this point the voltage applied to the solenoid may 30
typically be | owered, e.g. by chopping up the applied

wa@oramed nto smaller bits with a certai n choppCTDK2004/000362

frequency or, sinply by reducing the applied voltage
e.g. WD 2004/104463 PCT/ DK2004/ 000362 11 to the size
of 110 V in average. Wen thélpilot closure nenber is
rel eased fromthe seat, vacuumin the outlet part of
t he_val ve pas age evacuates the control_ chanber and

r

o E%%B?Hf At retlel +BreeSEABCed"BY t RBSpPEdSLr £135UTe
ﬂéﬁﬁ@fefélﬁél@&é@ﬁeﬁréﬁegﬁéeéééﬁ? {Achiig LRt ke BAkhet

of the val ve passage and the pressure 1n the contro
e¥apbef thedvalveéepapaage eespestevetiie sbattslt chamber

il Th relativel high pressure in. the intake
ot S WD TS BLLYCLY e 0L00 BRGRRUTBY bl Breanse
dbf feddniofal Nectupeshapedp2fspareé ©h the phshrB aREOBF

t he upper surface of the closure flange 7. The same
HppI TeEVe PreeAPel aRfveERy PEAPPrESsiifethpncPRETalt FREMber

P88 lo@tad o he C9Fg%§Et§GQ erg %ELﬁgtEnbuQEBOE.teThe
di rections on the ower surface of the ¢losure I"ange
7e bt véey Uppehn suvefaceeoint beebbbhtekewabkt7acts both on

respectively. .However, due to the different sizes, o
e TN %%ﬁfﬁﬁﬁa?§|§hai?8EF8a €3t atl, Ofhk Fegaptﬁﬁsped
ﬁ&iﬁe;fmﬂM§Spi@§oﬁiéh@noﬂpwﬁédﬁﬁe&f°§h£§§cél8§e@he closure
EOSItIOﬂ to Its open EOSItIOﬂ. en the piston noves

%ﬁm@% bpehposrneoappl ienetpreBsurelrhivhdyl dawapgessure
[ O DI GESULE PAELSafl iﬂet§%d¥8%ggog$§§ggse%qg%kaﬁgs-

and vi a er passages passage, hé®
ressite dirédeionat onl thbhabbeeri surabse equaheseldosure

{Lth t&g %$ ssure of the vglve 5 ssage, As a result,

' pwar § EXEeMDPRY FoftaCRabtselN By PREPr Baddr &
shdferencel ermbpates, AtetbbscROI At rrLhenPi 84985 28f the
is held inits open position by the coupling between

d¢mp Pid gepedrvdly ed heabeed apdrfhee pi shenresuétiby thece
£E%é§x%he 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
valve passage equalizes, and via the outer passages and
the pilot passage, the pressure in the control chamber is
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
is 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,
including the numerals of Fig. 1. In the enlarged view, it
is clearly seen, that the coupling spring 20 is fastened

fixedly both to the pilot closure member 16 and to the



spring 20. Fig. 2 shows an enlarged view of the
coupling between the pilot closure nenber and the
waebk@snogedrenber of Fig 1, 30 including the nuneCEDK2@H/000362
Fig. 1. In the enlarged view, it 1is clearly seen,
that the coupling spring 20 is fastened fixedly both
to the pilot closure nenber II& and to the WO
2004/ 104463 PCT/ DK2004/ 000362 12 piston 6 by way of
ing _a,first and.a | ast mA%din into rooves 29,

| ock , £, .
53 55PH o B 46dn Cnd G5TEE 6 GSBFY Mebar 1ast winding into
gespeeki vel y3oThe held ¢alstopr bhg 131 Mok d 8-2nanasd

to bias the pilot closure nember against the piston
BREPSCEREEAly THebihgd ichd pbgtiog 4§ai mdtidh siscleosmhged to

Ltion, pres [ e_radi_al t war.d
e Ry P e s My PRt s T o
pheotbpaseabe abl the pd@mshrbghe@sugga@dgﬂﬁ?aﬁlﬁb%ition,
transition 32 between w.der art and the narrow
B4PESS3 BF3tRE pd aﬁ@ghéibév Weedlyo efitemdd ngu fflagge 31
38 £RENPATORN cABGHE cOheRPROX ThES 468Gk e sééﬁgryi gs
centre axis 36 of the piston and passage. In~Fig. 3,
thesprscondoupivagidgy andsthkowmangisi®nD3ve detwekme wider

r,Le s. 41 and_t he_ uppert, rece 42 formed in_the
b2 TS0 51 Ra ey BHERea par: toF Predaoe: i bevelled
setiea barfachobd themphst e BhBIS CFURRAHOxZ1.4522ddtees
in place. The notches 39, 40 fornmed across

Fig. . 1 ‘ _
Fﬂgt}“’é?:@%g?r?. eXifn3BoPh CLERIBWELPS ahd PaSERgebot t om
wal | of the recess, serves to enhance the ability of
val ve to_be evacuated conpletely between each opening
dRdFtPosiPngtheqiéftenct PReFidlva. 120 shipary daess 34D view.

j [ I C u a r t .
EBEredLp, ety oyl prac asgpLbetel, 58 ¥55 o cne
sadewadl f@r ofeahengupgahaptdt parsestf the Aiseon theves to

h 37, 38 de in the sidewalls and optionally in
ﬂﬁiﬁbﬁﬁ?ommpp”%ﬂ%sh(ﬁ (PE@E%gaﬁé'f%i A Ea6h dPhén place.

‘@BEORStches 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 valve to be evacuated completely
between each opening and closing sequence of the valve.
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
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

between each operation.
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wape4abass ng sequence. In Fig. 3, it is clearP@I/PERIV4/000362

that the opening of the pilot passage 14 has snoothly
rounded corners which enhance the flow and the
ability to enpty the val ve 303bet ween each operation
WO 2004/ 104463 PCT/ DK2004/ 000362 13 The piston ring

i s shown in Flg 4. The rlng%yas an inner surface 44

ORI tOnar HRI the PRYRBnAnitdn but SReshingcBasssn jgner
daet ek toner gsi hher ypblaofctbe, eyt bRdshga nCBM{:EiL sQkface

the housing. Due"to the stepped outer surface,
4fent4 4 afaegng abswgeds atlee fwh?edObetlaeenyiL hedwablal andvity

f f f h [
e ety dvaf -k D% S ilbracsutr S SeRa®u f ace

it 11 it gag 4pasé<’ﬁ]g§$ Gard, f@mﬁé@Sbeseeénoeaé whBW ghdathe
sealing_ ring aresilient material for the

=heper 5 & Pssé‘rﬁ enj asgedy eu el éhgsamﬁhﬁagang

e of e val ve di sclosed |g 1
| ongi tudi nal | 'y extendlng groove or grooves 61 in the

rv \% ce:6 y .t

e i roeer 657075 Rt ont Lo PReC e OR POHTERD g st o
Haredhkeignioovaset tali fiat etlaé Becposnt365bsi phohe. The ring
contral,.chanber he val ve is dinensioned so that the
qﬁﬁd?&ﬂﬁ?ﬁ%@?€+%e r89&PSL2 of the anchor is |arger

than the naxinun1p033|ble travel L1 of the closure

menber 4. Accordin |Io assage W ll rema

Bhn e St | 5 Sherbaeh Thobrof nene s 8hoEy BROWRBRRCT
td6e ChOStKE vﬁ@*{?@e&ééloé‘ecﬂt%nﬁigmi Opga @eﬁgateamany
This feature inproves the flow out of the valve and

Qm@m@rewes@r andocespé et enevheuantbaroferie to

Aé@étgsthe gpace 62 bound by the top surface 63 of the

anchor and the anchor tube 64. The grooves terminate at a
point 65 in the control chamber. The valve is dimensioned
so that the maximum possible travel L2 of the anchor is
larger than the maximum possible travel L1 of the closure
member 4. Accordingly, the pilot passage will remain open -
during the opening of the valve, even when the closure
member is in its maximal open position. This feature
improves the flow out of the valve and thus supports fast

and complete evacuation of the valve.
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WD 2004/ 104463 PCT/ DK2004/ 000362 14 CLAIMS 1. A
servo val ve for a vacuum system conpri sing a housi ng

w@ 2Jo4defssi ng a control chanmber (13) and a val RET/DK2004/000362

passage (2, 3) having a fluid intake part (2) with a
first 5 pressure and a fluid outlet part (3) with a
second pressure, the parts Be&ing separated by a

cl osure nmenber (4) nounted in the housing for
novenent between an open and a closed position under
FhRf¥Ence of a difference between a control pressure
of the control chanber and the 10 first and second

Pl eBsyeeso thRvepeEBrpasihtolmbelBged cPaphlis@RhgMieRiuding
t he val ve passage is open between the intake part and
{he GGFFE%nSa@tCSHHrPEeCBﬁ@§@a peésit pod abéaﬁgeapassage

PQS'55Oﬂa%@ﬁéeb”f&Q?dV§h¥2kFa§§§99(b? GLesed fQ§%

the intake part an out part, "'the contro
phaﬁberebendgalﬁlﬁhdlduthUuparatlam wiith hheeb@h@ke

art via const en ass nd beiLn
B PuTPanbe PREER biRan PeRaraRds B e Bture: mexer
Vip gophtel 1ﬁa§ﬁég§oﬁéﬂﬁﬁ @6&”&09@%@%@'%eQWe%nprQEpen
cl osure nenber is novable relative to thé

%m@sﬁrélﬁﬁﬁéePO€4F12D pedasennahusper pésit Ko fwtrengien
@w@éhog 88ﬁ§ %}ééshﬁe(gﬁfghgngoﬁtglgs%%a %#Lé%.ethe

erein the assa 0Sed to I n
fhestoandobepoedspresﬂareby byhenepeaf pbbetliohsbeing a

ressure and the cond_ pressure dependi ng on the
BOSILFOR BRCFRAnpERot Vel BeUPaSHERBeLS SRET: REL¥By™y She

25t g8t peL-Li BEaMeMEnBat 16f foQ%tClaﬁaUEﬁe”%'TB%éd( $bsition
between its closed and its open position. 2. A servo

Raive acE@satmgntwh@rann1mhemMel@enpaheagel@s cpassdge

30007184585 TP RR200HF 000565 C18 et ‘barty the control

chamber being in fluid communication with the intake part
via a constantly open passage and being in controllable
fluid communication with the outlet part via a pilot
passage (14), being closable by a pilot closure member
(16) which is movable relative to the closure member (4)
between an open position wherein the pilot passage (14) is
open and a closed position wherein the pilot passage (14)
is closed to influence the control pressure mainly by one
of the first pressure and the second pressure depending on
the position of the pilot closure member, and thereby for
controlling movement of the closure member (4) between its

closed and its open position.

2. A servo valve according to claim 1, wherein the pilot

Passage (14) is formed in the closure member (4).
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3. A servo valve according to claim2, wherein the

pilot closure nenber (16) is fastened to the closure
woreovbao4463 a an el astical ly defornmabl e coupl i nECT/B&R004/000362

4. A servo valve according to clains 1-3, wherein the

5 closure nenber is biased against the closed position

by an elastically conpressi bbe nenber (19). 5. A

servo val ve according to claims 2-4, wherein the

il ot closure nenber is nmovable fromits c
%oszbﬁ%ﬁw ovatee o%%%%%w i bR Gal®l ect VBREGHBL Fbelgllot

Qe URLE Ofe erA(f@fVPsVPég@eﬁéﬁofg'Qﬂetelégﬁr% %%Bﬁer via

preceding c wherein the pilot passage

dorekast seallerdefossabbectdepdingpéddhg t han t he

val ve passage (2, 3). 7. A servo valve according to
any of clains 2-6, wherein 15 the control chanber
413 ssrvocuatbdei accondimwat®onlaimshé-3pi Woerpassape

4). 8. A servpo valve accordin any of .the . .
SHeker mPEper ke Bidgedl f0eF 80, PranberedsPopition by an
shapetdcanty as6apeeds hid megseLci1dp.the housing (1)
so that its centre of gravity 20 is defined between

val ve passage (2, 3) and the control chanber (13). 9.

A SRrYOrya! ¥81RECHEELRG h9 8DYcDhikBe2PLECRHEREin the
clains, wherein the closure nenber (4) I's shaped as a

@i%@i@nchﬁ@urarmarnlg@n { b6 hove barkbaadireur thsi Alased

SHeaTA0HaE3 PEY) HEDORr ObboaS [T FocRIRERIIebAFye

accasdiag.to claim9, wherein the closure nenber (4)

and the cylindrical cavity have circular

cross-sectional matching shapes, and wherein the

const aaty 0pERe passageing tor arg bet vRenpaeskedewal klaims,
(12) 5 of_ the closure nenber §4) and an inner sidewall
Y@%ﬁebﬁ the pilot passage (14) forms a smaller cross-

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

7. A servo valve according to any of claims 2-6, wherein
the control chamber (13) is located in continuation of the

pilot passage (14).

8. A servo 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).

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

of the housing (1).
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the cylindrical cavity. 11. A servo valve according to
claim9-10, wherein the pilot passage (14) is forned

wa@oailed4by with the closure nenber (4). 10 12PCHEDEINMD00362

val ve according to clainms 9-11, wherein the pilot
cl osure nenber (16) is arranged to nove back and
fourth in a cylindrical cavitg with a travel which is
| arger than the travel of the closure nenber (4). 13.
A servo valve according to any of clainms 9-12, wherein
105 thheS 3 UFEL RSSO (INNT orPreC k2 KB a? i NPT Ehgetid)

. he, . . . .
({]]Qgsn%feé ((}%nqg%fel ﬁlg) E:aéoﬁ/ncﬁe%?éed gy Ig\%r:g?%)ln g%?gliﬁgﬂﬁiﬁ?@
diorqulaup - shegpetsegarang 1 Ia ) ing hehapes shap@dwparein the
formn bottomwall (11).and si dewal | 2
Y (T RRIRAT G W80 Dohar e Ant cperihy 22
4N Bhdli FRsdhan wpRest t o1t hndi secineer &oaewadslt ie3) of
sealing flange, and the cup-shaped part and the
o rgat Bndhbeal bW or ned coaxial ly. 14. A servo
val ve according to any of clains 9-13, wherein the
cl osure nmenber (4) conprises at | east one recess,(43%
5. o ed iR Hre | aeer &Hed ne® chl a8y, 9389 f Yhargin the

acy 0SS e .2 A5 C LS
1S oA e R T P T A% Pl e
member (4).

12. A servo valve according to claims 9-11, wherein the
pilot closure member (16) 1is arranged to move back and
fourth in a cylindrical cavity with a travel which is

larger than the travel of the closure member (4).

13. A servo valve according to any of claims 9-12, wherein
the closure member (4) forms a sealing flange (7) for
closing the valve passage (2, 3), the sealing 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 opposite the direction
towards the sealing flange, and the cup-shaped part and

the elongate shank being formed coaxially.

14. A servo valve according to any of claims 9-13, wherein
the closure member (4) comprises at least one recess (43)
comprising at least one notch (37, 38) formed across the

recess.

15. A vacuum system comprising a servo valve according to

any of the preceding claims.



