WO 03/ 025439 PCT/ EPO2/ 10487 1 Pressure Reducer The invention relates to a
pressure reducer with a housing conprising an inlet and an outlet, in

whi ch a fwowsaesaand body is arranged in a flow channel comegmPo2zig4BNl et and
outlet, wherein a flowrestrictor is &djustably nounted relative to the

fl owaround body for varying a flowrate and is novably connected with an
adj usting nmeans. Such a pressur ePrassuceRedsc&nown from DE 34 09 973. Such
pressure reducers serve to regulate the flowrate of fluids, gases and/or
m xtures of solid matters, and they are particularly arranged in the
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The flow-around body is disposed in the corresponding housing of the pressure
reducer, and a needle serving as flow restrictor can be pushed out of the flow-around
body so as to vary the flow rate. According to DE 34 09 973 the needle is associated
with a hydraulic drive, for which a number of hydraulic pipelines are required for

charging and discharging the corresponding hydraulic fluid.

The invention is based on the object to improve a pressure reducer of the
aforementioned type such that a corresponding flow restrictor with a facilitated

construction is reliable and can exactly be adjusted and positioned.

In connection with the features according to the preamble of claim 1 said object is
provided in that the adjusting means comprises a recirculating ball nut rotatably
mounted in the flow-around body and fixed substantially in an axial direction, as well
as a rotating spindle mounted axially adjustable in the same, whereby the rotating
spindle is movably connected with the flow restrictor.



2 By rotating the recirculating ball nut, the rotational novenent thereof
Is converted into an axial novenent of the rotating spindle, by which the
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the mutual attachnent, the shoul der and the contact flange
For being able to accommodate the recirculating ball nut in the housing without
having to perform laborious changes to the construction thereof, the recirculating ball
nut may be fixed in a detachable fashion in a turning sleeve rotatably mounted in the
flow-around body. The turning sleeve more or less serves as an adapter for
arranging the recirculating ball nut or, respectively, the entire adjusting means inside
the housing. If the recirculating ball nut and the turning sieeve are detachably
fastened, the recirculating ball nut can be easily dismounted and can be handled

separately for the maintenance thereof or the like.

In order to be able to well associate and fix the recirculating ball nut and the turning
sleeve with each other, the turning sleeve may be provided with a radially inwardly, at
least partially projecting shoulder, to which a radially outwardly projecting contact
flange of the recirculating ball nut can closely be fitted. Thus, the relative position
between the recirculating ball nut and the turning sleeve is exactly defined.

For further simplifying the mutual attachment, the shoulder and the contact flange
can be detachably connected with each other. Thus, the shoulder and the contact



can be detachably connected with each other. Thus, the shoul der and the
contact WO 03/025439 PCT/ EP02/ 10487 3 flange not only serve the relative
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fixing the recirculating ball nut directly by the turning sleeve in an
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the interior space. A possibility for fastenl ng the pivot bearing neans,
whi ch cathee@r@eegme@waarybthlbg steavelaregligiasedcan be seen in that the
pi vot bearing neans fits closely to a shoulder of the wall at one of its
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A simple embodiment for such a pivot bearing means can be seen in that the same
at least comprises one ball bearing. The ball bearing is preferably arranged along the
outer circumference of the turning sleeve and is correspondingly fixed in the interior
space.

The fixing may especially be performed by detachably fastening the pivot bearing
means on the wall of the interior space.

A possibility for fastening the pivot bearing means, which can especially also absorb
axial forces, can be seen in that the pivot bearing means fits closely to a shoulder of
the wall at one of its ends and is attached, at its other end, relative to the wall at least
in an axial direction. Said attachment at its other end may be removable, so that the
pivot bearing means or, respectively, the at least one ball bearing can be removed

easily.

A possibility for attaching the pivot bearing means on the wall is provided by
associating a retaining ring at the other end of the pivot bearing means, which can be
inserted in a corresponding groove in the wall of the interior space and retains the

pivot bearing in contact with the shoulder of the wall.



pi vot bearing in contact with the shoul der of the wall. WO 03/025439

PCT/ EPO2/ 10487 4 In order to hold the turning sleeve on the pivot bearing
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restrict eingl thepivdtyeeding means. Said spacer ring may have different thicknesses in
response to the desired relative position between the turning sleeve and the pivot
bearing means.

For adjusting the flow restrictor the rotating spindle can directly be connected to the
same. For being able to adjust, in dependence on the need, flow restrictors of
different sizes and/or with different distances therebetween without having to modify
the ball nut and the threaded spindle, the rotating spindle may be connected with an
actuating piston, which is detachably connected with the flow restrictor. By the axial
movement of the threaded spindle the actuating piston is likewise displaced in an
axial direction correspondingly. On its end facing the flow restrictor the actuating
piston may be designed to match the flow restrictor so as to produce a mutual
connection. In dependence on the need, the actuating piston may moreover be
chosen to have a corresponding length so as to connect flow restrictors positioned
more closely or further away relative to the driving means with the rotating spindie.

The connection between the actuating piston and the rotating spindle may take place
in different ways. For example, the actuating piston may be screwed onto the rotating

spindle from the outside. Another example for the mutual attachment may be seen in



nore closely or further away relative to the driving neans with the
rotating spindle. The connection between the actuating piston and the
rotati ng wpiontta3ay take place in different ways. For eramfHpPe/1t4Be
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axial direction. In response to the movement of the perforated panel relative to the
flow channel and the outlet the connection thereof is produced by holes having a
corresponding diameter. The flow rate is varied in response to the diameters of the

different holes.

A simple realization of such a perforated blend may be seen in that the same is
designed as a holiow cylinder with holes arranged in the cylinder wall. The holes
may, for instance, be arranged at identical intervals in the circumferential direction of

the cylinder and may each have the same diameter along a circumferential line.

For being able to easily connect the hollow cylinder with the rotating spindle or the
actuating piston, the hollow cylinder may comprise on its end facing the flow-around
body an insertable cylinder being axially movable in a bearing bore. The rotating
spindle and the actuating piston are connectable with said insertable cylinder.
Moreover, the displacement of the insertable cylinder in the bearing bore results in a

favorable guidance for the flow restrictor.



actuating piston, the hollow cylinder may conprise on its end facing the

fl owaround body an insertable cylinder being axially novable in a bearing
bore. ThewpaBati4ayg spindle and the actuating piston are eommPor/alBe with
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position. For preventing the flowrestrictor fromturning relative to the
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conveyor pipeline or the like as irrotational as possible the outlet may be conically
expanded downstream of the cylindrical portion.

A simple possibility of connecting the rotating spindle or the actuating piston with the
flow restrictor is to screw a free end of the actuating piston or the rotating spindle into
an end bore of the insertable cylinder.

In order to exactly define a corresponding screwed position the end bore may be
provided with a shoulder fitting closely to the free end or to a shoulder being apart
from the free end in the screwed position.

For preventing the flow restrictor from turning relative to the insert bore or,
respectively, to the actuating piston or the rotating spindle, a guide bore may be
formed parallel to the end bore in the insertable cylinder, with which a guide pin is
displaceably engaged.

For preventing that fluid penetrates into the bearing bore from the flow channel or the
outlet, at least one sealing member can be disposed between the insertable cylinder
and the inner wall of the bearing bore.



formed parallel to the end bore in the insertable cylinder, with which a
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recirculating ball spindle an urning-s ve are arranged in the
substantially cylindrical central body. For being able to accommobdate the
driving Ln,the ntral body.in a protected manner after the

di sassenﬁ]e @%%f !“E ﬂ%s'ﬂﬂﬁﬁ‘? tf'BWaarBHH bogly|ig efasliopifayerakig fop heflowi aldeast

the inlet end body facing the inlet may be substantially shaped like a circular cone.

The flow-around is moreover improved, if a cone point of the inlet end body faces in
the direction of the inlet and is arranged especially centrally to the inlet.

It is possible that the turning sleeve and/or the recirculating ball nut are at least
partially arranged also in one of the end bodies. For achieving an easy to handle unit
it can be regarded as favorable, however, if at least the recirculating ball spindle and
the turning sleeve are arranged in the substantially cylindrical central body.

For being able to accommodate the driving means in the central body in a protected
manner after the disassembly of the inlet end body, a locking plate may be provided
between the central body and the inlet end body.

For being able to securely operate the driving means according to the invention
automatically and especially remotely controlled, the recirculating ball nut can be
movably connected with an electric drive. By said electric drive the recirculating ball
nut is rotated together with the turning sleeve, and said rotation is converted into a

translatoric movement of the rotating spindie and possibly the actuating piston and,



between the central body and the inlet end body. For being able to securely
operate the driving neans according to the invention automatically and
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time, theednsof agcrovichaderlimel nay be constructed as a worm gear engaged.

with a worm shaft driven by the electric notor. Such a worm gear may be
designed to be self-locking, so that a rotation of the worm gear and/or

bot . ai et DIEUPRTRNY f el Sud R el SRy 1%, Fodf Fine BB e

wor m geacorapdses aicleast one bigttriomptdre paired differently. For exanple, a
cylinder wormnmay be paired with a globoid worm wheel, an envel opi hg worm
may be paired with a spur gear, or an envel oping wormnmay be paired with a

gl oboi d ey adeRhieving corresponding transmission ratios between the electric motor
and the recirculating ball nut, and for rotating the recirculating ball nut with a possibly
required high influence of forces at the same time, the driving toothed wheel may be
constructed as a worm gear engaged with a worm shatft driven by the electric motor.
Such a worm gear may be designed to be self-locking, so that a rotation of the worm
gear and/or worm shaft is impossible without an actuation of the electric motor in
both directions of rotation, or at least in one direction of rotation. The worm gear and
the worm shaft may be paired differently. For example, a cylinder worm may be
paired with a globoid worm wheel, an enveloping worm may be paired with a spur
gear, or an enveloping worm may be paired with a globoid worm wheel.

For constructing the electric drive to be as safe as possible against failure and/or for
increasing a power transmission onto the worm shaft, the worm shaft can be movably
connected with one electric motor each at its end sections. Such an electric motor

can, for example, be a stepper motor or the like.

The end sections of the worm shaft may be connected with corresponding drive
shafts of the electric motors in a rotation-resistant manner. It is, however, also



For constructing the electric drive to be as safe as possi bl e agai nst

failure and/or for increasing a power transm ssion onto the worm shaft,
t he wor mwbaBn2saan be novably connected with one el ectri ®eCrHPoZ/188Th at
its end sections. Such an electric notorg can, for exanple, be a stepper

not or or Th ect| t he worm shaft may be connected with
correspor?%i)lgglgl ﬁﬁ%h gﬂgﬁ?g Iyts ?fﬁﬁeéﬁé&arr?@lrﬁﬁ&pgnﬂwqe gsakiveshalisioft ant
manner . lthe eksctiiomiss, al so WO 03/ 025439 PCT/ EP02/ 10487 9 possi bl e that

the end sections of the shaft are directly constructed as drive shafts of
the electric notors. For rotatably nounting the worm shaft in a secure
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necessar al |l copponents_inside the flow around body, oW a oun
body can H?Fp?'ﬁ&’@’cdﬁoﬁﬂﬁf’éuﬁ ReaNgE WHYé)erQﬂih @&armgseaml/@m)ealttmwhn'g at
| east to the inner wall of the flow channel. Electrical wres, supply
lines, instrunent |leads or the |like nay be passed theret hrough Mor eover ,

t he radi &or eupplyiigoif neepssarypalbeompppendnéide tﬁ@ﬂdwcérbngdtﬂtbﬂ%/fﬂh@\/ﬂov@y, for
I nst ance,  _sub; €(¥| di n the fluid flowng from the inlet to he outlet into
cor r espofRHY PAFY F%ﬂ‘ PINRYIge anpuieRlpeye with atadialiextension extisadindoat leastat  as

flow whi r WS 4RSINABEARIOR 1 ol 8 BRAeIidcHcal YS! LANGI MbOANEAGRy BXbEnS! o

t he sane ma?/ ointed at least at 1ts en ting
i s desi g I@mytbmpassedﬂhereihnfombr Mmlreovﬁrf thet radial lterfsionmapslsobs

af or enen cLrig shaf t correspondi ng.synchroni -
zation i ébgf(ﬁgfﬁggggﬂgqu@ﬁoﬁw yeéqr Ingtapge giub- g‘l"@"’(‘ﬂ)ﬁ'!eafﬂ‘éﬁ fleWipg frafeousl .
Thi s canthe intet t6XieeBlIBet MR dRPidpeRding éﬁpﬁﬁ"y or by means of sof tware.
For being able to disassenbl e the housin e pressure reducer according

to the invention to an extent to allow, for instance, an easy renoval of
the flow 7 n of two .parts .and arts
of the horﬁé%?oﬁg@&g n é[éqco%ggg?rﬂéﬁaﬂéﬁge Z?htbﬁ ﬂ5P9§ﬂﬁ'G£rsﬁarm$fiBPflﬁ%t er
ci rcunt ethent@w in the radial extension, the same may be pointed at least at its end facing the

inlet. The pointing is designed such that it has a favorable effect on the flow.

As both aforementioned electric motors act on a shaft, a corresponding synchroni-
zation is advantageous if both electric motors are operated simultaneously. This can,
for example, be realized electronically or by means of software.

For being able to disassemble the housing of the pressure reducer according to the

invention to an extent to allow, for instance, an easy removal of the flow-around

body, the housing can consist of two parts and the parts of the housing may be held
- together by a clamping ring along their outer circumference.

For being able to supply and control the electric motors of the electric drive directly
from outside the flow-around body, the electric motors and the worm shaft can be
arranged in an outwardly open transverse bore extending substantially vertically to
the rotating spindle.

For being thereby able fo lay corresponding electrical wires or other lines directly in
the direction of the electric motors, the open ends of the transverse bore may each



For being able to supply and control the electric notors of the electric
drive directly fromoutside the flow around body, the electric notors and
t he wor mwbaBi2saan be arranged in an outwardly open tran®CerEPe2/base
extendi ng substantially vertically to the rotating spindle. For being

t her eby §1bl eto,l a% correspondi ng electrical wires or other lines directly
in the ASWSACEES IR radial@xtensionobths outse sieswa, dneleghowhidne agaiansver se

bore may 03/ 7, sspciated. with a radial
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el ect ri calaseed éstheselpptri motues fronmnsutsideethie Haailsg, Profdeted, byaafdradi passe
to the el e%tri.c not or s {ro&l,at#tsi_de t he housing, protected, by said radial
ext ensi ofICTIFIANS, @oainst the Tiig Tlowing AP undifiedlovrargunsvibethbund body. An
advant ageous enbodi nent of the invention will hereinafter be explai ned by
means of the attached figures, wherein Fig. 1 shows a |ongitudinal section
through & adtsdageous embadimentsf tiee invedtior wilkhewinhftey Heoestgigineawynt i on,

and Fig. o) cl.i along line Il1-11 through fig. 1. Fig.

i | ust ratni%aﬂaL %H%@%&f‘ﬁ@ﬁgwﬁ %’&‘?r‘?'ﬁr ough an enbodi ment of the pressure
reducer 1 according to the invention. Said pressure reducer 1 conprises a
housing 4. formed of housing parts 74, 75. Said two parts of the housing

are hel dFRigdet her Bhows adpagipidinalrsastjon shraughant érmbodionsreof @i presstrer ence.

d

The housing 4 conpypd Inlet, 2,at. one. end gnd an outlet 3 at the
opposi te end. Insf%ggﬁt%ﬁgeﬁ%@m%& the "E‘Yl%nei\oﬁl’ é‘f‘gand the outlet are connected

with each other by neans of a flow channel 6. A flow around body 5 is

di sposed i.n the flow channel 6. The flow around body 5 is forned of a

central E&ﬂj@ 52 an8heW® aciretipp @leng b lldhthrqugh Bad!. body 53 is associ at ed
with the inlet 2 as inlet end body and has the shape of a «circular cone.
correspondi ng cone point 55 faces the inlet 2 and is arranged centrally

t her et 0. Fithd ilusteatesradohgitlydibdl sextiontisioughtademboinidritof el pRadyrd N a

substanti a($ |y truncat.ed f?];sh_i on and conprises at its end facing outlet 3,

subst ant I q%’em according to the invention. Said pressure reducer 1 comprises a housing 4
formed of housing parts 74, 75. Said two parts of the housing are held together by a

clamping ring 76 along their outer circumference.

The housing 4 comprises an inlet 2 at one end and an outlet 3 at the opposite end.
Inside the housing 4, the inlet and the outlet are connected with each other by means
of a flow channel 6. A flow-around body 5 is disposed in the flow channel 6. The flow-
around body 5 is formed of a central body 52 and two end bodies 53, 54. The end
body 53 is associated with the inlet 2 as inlet end body and has the shape of a
circular cone. A corresponding cone point 55 faces the inlet 2 and is arranged
centrally thereto. The other end body 54 is constructed as outlet end body in a
substantially truncated fashion and comprises at its end fading outlet 3, substantially
centrally, a bearing bore 37 open in the direction of the outlet 3.

A locking plate 56 is arranged between the inlet end body 53 and the central body
52, by which an interior space 14 of the central body 52 is sealed in the direction of
the inlet end body 53. A position sensor 57 is disposed in the center of the locking
plate 56. Said position sensor 57 comprises a piston 80 displaceably passed in an
axial bore 84 of a rotating spindle 10 for determining the position of said rotating
spindle.

A



centrally, a bearing bore 37 open in the direction of the outlet 3. A

| ocking plate 56 is arranged between the inlet end body 53 and the central
body 52,wbw3smkiseh an interior space 14 of the central boaygTHPo/s0482al ed in
the direction of the inlet end body 53;;A position sensor 57 is disposed
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assed fyom out.si the housing 4. The |ines 81 are _ (
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an actuating piston 27. The recirculating ball nut 9 is arranged in a

i ; d.therewth i tatjon- i st ant nner .
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contact flange 13 of the recircul ating ball _ _ .
illustr a@@&agng Pision 27. The reciraudalingf balhow 98 arfandeel ineciurting aldevg bladhd nut

9is ar | I tral on_t he circulating ball nut 9 in
an axi al 62i rec‘??grﬁgrg@gﬁ%v?ﬁ?ﬁ@ﬁrrﬁgisﬁ@ f‘gwe({ofﬁﬁgéltlrmngaﬂag\gqgompgses a
reci r cul mtdially inwiardipprottuding shbeldern bj WhichSdIeRME fitsltod] Sorr&dpuaitigly at t ached
to each Otdheif ba/ means of a screw connection 60" . _
radially odtwardly protruding contact flange 13 of the recirculating ball nut 9 in the
position illustrated in fig. 1. The contact flange 13 of the recirculating ball nut 9 is
arranged approximately centrally on the recirculating ball nut 9 in an axial direction
32. Via shoulder 12 and contact flange 13 the recirculating ball nut 9 and the turning
sleeve 11 are removably attached to each other by means of a screw connection 60

from a number of studs.

The turning sleeve 11 is rotatably mounted in the central body 52 by means of a pivot
bearing means 17 between its outer wall 15 and a wall 16 of the interior space 14.
The pivot bearing means 17 is formed, for instance, by at least one ball bearing 18.
For fixing the turning sleeve 11 and thus the recirculating ball nut 9 in an axial
direction 32 a ring nut 23 is screwed onto a screwing end 24 of the turning sleeve 11
facing the inlet 2. In its unscrewed position the ring nut 23 fits closely to one end 19
of the pivot bearing means 17. A stop 25 of the turning sleeve 11 is associated with
the other end 21 of the pivot bearing means 17. A spacer ring 26 is arranged
between said stop 25 and the end 21 of the pivot bearing means 17. Moreover, end
21 is partially adjacent a shoulder 20 of the interior space 14.



froma nunber of studs. The turning sleeve 11 is rotatably nmounted in the
central body 52 by neans of a pivot bearing neans 17 between its outer
wal | 15 awooa/oekBd 16 of the interior space 14. The pi vorChEeor/ngsTreans 17
is fornmed, for instance, by at |east ong,ball bearing 18. For fixing the

turning sheeve 11 and thus t r.ecircul atln ball nut 9 in an axial

directi Oﬁ[lh§2p|(yi fiﬁ? NG neans '12 g fixedityan AKEl g"@@tm@%geleh\cﬁ tthefcentral t ur ni ng
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fits cl oselg towsgne er}ll rgj ° ﬁu'%?%g{%géear|%1d)$r§bolrr?¥(y%ﬁtt&§\err @@22?% t he
turni ng $heetherbands associ at ed W|th the other end 21 of the pivot bearing
means 17. A spacer ring 26 is arranged between said stop 25 and the end 21
of the pivot bearing neans 17. Moreover, end 21 is partially adjacent a
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reci r cul aorragpdradihg waeirmSshaft @4.r ot at i on-resi stant manner. Said driving
t oot hed wheel is constructed as worm gear 63 bei ng engaged with a
correspondi ng worm shaft 64. Inside.the recirculating ball nut 9 the
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screwing the two ends together with studs 85.

The actuating piston 27 is passed through the outlet end body 54 to the flow restrictor
7. The actuating piston 27 protrudes into the bearing bore 37 and is inserted at its
free end 43 into an end bore 44 of the flow restrictor 7, where it is screwed in a
screwed position 46. The screwed position 46 is defined by a radially outwardly
protruding ring flange of the actuating piston 27 fitting closely to a corresponding
radially inwardly protruding shoulder 45 of the end bore 44,

The bore 44 is formed in an insertable cylinder 38 of the flow restrictor 7. A hollow
cylinder 34 joins with its end 36 the insertable cylinder 38 in the direction of the outlet
3, whereby the hollow cylinder 34 forms a perforated panel 30 with a plurality of holes
31 in its cylinder wall 35. In an axial direction 32 the holes 31 have different
diameters 33. A number of holes 31 with the same diameters 33 is arranged along
corresponding circumferential lines of the hollow cylinder 34. In the position
illustrated in fig. 1 no fluidic connection is provided between the flow channel 6 and
the outlet 3 through the perforated panel 30. The hollow cylinder 34 is pushed
forward into a cylindrical portion 40 of outlet 3, where the holes 31 are sealed as



free end 43 into an end bore 44 of the flowrestrictor 7, where it is
screwed in a screwed position 46. The screwed position 46 is defined by a
radi al | y wotmaamedBy protruding ring flange of the actuati RgT(EPS2/03827
fitting closely to a corresponding radijglly inwardly protruding shoul der

45 of the er re 44. The bore 44 is formed in an insertable cylinder 38
of the f%&%ﬂ?dségﬁ? ﬁ%‘f"é’?‘a'?.”e'AgﬁMW%ﬁMS eha ?ﬂ%&}g Yaeye A3 domming antisnenwattd 1t he
i nser t ablo# tityy bylivdigicaBSortibntdne direction of the outlet 3, whereby the

hol |l ow cylinder 34 forns a perforated panel 30 with a plurality of holes

31 inits cylinder wall In an axial direction 32 the holes 31 have
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cylindri ; ' tlet 3, where the holes 31 are sealed as WO
03/ 02543%@%'5%)&%0%%&@%6'% agai nst the flow channel 6 by neans of a
sealing sleeve 42 formng an inner wall 41 of the cylindrical portion 40.
The hol | g\%@étlal nder _34 angd the insertable cylinder 38 have identical outer
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fl ow channel 51 connects the Iinte w nder 34 with the
bearing bore 37. A screwed sleeve 86 is arranged inside the end bore 44,
pi ston 27 can be screwed and

i nto whi s A3 of the actuati
whi ch co_ﬁr?;érclﬁpgggé F%ZBVE%U'ISC?&FE'”@?Q Il ?§He QPQ%%%ﬁéi Kt whigh therfiee epddi®ng and
posi ti onofhihecictiéitting pis P c4id befscréWed @hH KB comprises the shoulder 45. It is

also possible that the screwing and positioning of the free end 43 of the actuating

piston 27 is realized directly inside the end bore 44 without interconnecting the
screwed sleeve 86.

Fig. 2 is a section along line II-[1 through fig.1. Said figure particularly shows an
electric drive 58 for the recirculating ball nut 9, which comprises two electric motors
61 and 62. In fig. 1 and fig. 2 identical parts have been provided with identical
reference numbers and are partly exblained in connection with one figure only.

The electric motors 61, 62 are arranged in a transverse bore 77 of the central body
52. The transverse bore 77 extends perpendicularly to the axial direction 32 or,
respectively, perpendicularly to the rotating spindle 10. The worm shaft 64 is
rotatably mounted inside the transverse bore 77. The worm shaft 64 comprises two
end sections 65, 66 each of which is associated with an electric motor 61, 62. Each
of the end sections of the shaft 65, 66 is constructed as a driving axle 67 rotatably
received in the corresponding electric motor 61, 62. Adjacent the electric motors 61,
62 the worm shaft 64 is rotatably mounted by means of at least a radial bearing 82

and a radial bearing 83 on its end sections 65, 66. The transverse bore 77 comprises



piston 27 is realized directly inside the end bore 44 w thout

I nterconnecting the screwed sleeve 86. Fig. 2 is a section along |ine
[1-11 thrwogh/oti4ge 1. Said figure particularly shows an elP€TtERPOZ/1@8T ve 58
for the recirculating ball nut 9, which conprises two electric notors 61
and 62. In fig. | and fig. 2 identical parts _have been provided with
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perpendicularly to the rotating spindle 10. The worm shaft 64 is rotatably
nount ed i nside the transverse bore 77. The worm shaft 64 conprises two end

sections i CRfRoref | [ W ] | GrivePfHY 62.
Each othﬁﬁgl‘%ﬁ%@ sectr?o6n1\§®g?é} te hszmgﬁa t eggﬁﬁr%ga}:g %ﬁoreﬁécgde " as a v&?hl ng
axl e 67 shafhbdlsk the sameitineel The eleetrcomptse omali g stedpper niatorsoeroathén, 62.

R B N P

end secti®smgar@>, 66. The transverse bore 77 conprises WO 03/ 025439
PCT/ EPO2/ 10487 14 open ends 78, 79, wherein a radial extension 71, 72 of
the outer sleeve 68 is associated with each of said ends. Corresponding

tr ansver EETBHET s P ol Qb rinfiole pTob? W SeRebtbh abled P 62 are

synchr ong@sboted Withand cotrieeponrdingdinkd sdrior Suphlg anardontrdhplitpoedsat the same
time. The electric notors may be stepper notors or other notors, and the

synchroni zation nmay be realized electronically or by nmeans of software. In
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The oper btiefynexglaintd by means ef thediigresaccording to the invention wl |
hereinafter be briefly explained by neans of the figures. For adjusting
the flow restrictor 7 in the direction of the inlet 2, the electric notors

61, For adjusting the flow restrictor 7 in the direction of the inlet 2, the electric motors 61,
62 are operated by remote control. When operating the electric motors 61, 62 the
worm shaft 64 rotates correspondingly, and so does, via the engagement thereof with
the worm gear 63, the recirculating ball nut 9. When the recirculating ball nut 9
rotates, the rotating spindle 10 is displaced in an axial direction 32. In fig. 1 the
rotating spindie 10 and, correspondingly, the flow restrictor 7 are illustrated in a
locked position, in which no fluidic connection between the flow channel 6 and the

outlet 3 is provided.

Given a corresponding rotation of the recirculating ball nut 9 the rotating spindle 10
and likewise the actuating piston connected therewith is, according to fig. 1,
displaced to the right-hand side in the direction of the inlet 2. By said displacement
the flow restrictor 7 connected with the free end 43 of the actuating piston 27 is
likewise displaced in the direction of the inlet 2. Thus, a fluidic connection between
the flow channel 6 and the outlet 3 is produced via more or fewer holes 31 with
partially different diameters 33. A corresponding flow rate between the flow channel 6
and the outlet 3 is determined by the number of the holes 31 and the diameters 33

thereof.



62 are operated by renote control. Wen operating the electric notors 61,
62 the wormshaft 64 rotates correspondi ngly, and so does, via the
engagenmenwotodoesaed with the worm gear 63, the recircul at ipeg/Epat/io4sut 9.
Wien the recirculating ball nut 9 rotates, the rotating spindle 10 is

di splaced in an axial direction 32. In 1 the rotatlng splndle 10 and,
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connected therewith is, according to fig. 1, displaced to the right-hand
side in the direction of the inlet 2. By said displacenent the flow
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03/ 02543 PCT/ EP02/ 10487 15 If the flow restrictor i s again displaced
into t heof;ibslﬂdvoresarwonr 8. espegiallyiy. remotea cpntmuna:fe%meﬂm HTSHRONEEN t he

accor aande gt A e oStk Bh 7 e S PSRN B PR men b Bl ftho, "

real i zedsgikdlet 1®by tHhepbsilo®behdsr B&Ci rcul ating ball nut 9 and particularly
by the engagenent of the wormgear 63 with the wormshaft 64, whereby the

worm shaft 64 is rotatable by two synchronized electric notors 61, 62.
Thus, an exact and reproduci bl e displacenent of the flowrestrictor 7,
especially by renote control, is feasible. The corresponding position of
the flowrestrictor 7 is determined by the axial displacenment of the
rotating spindle 10 by the position sensor 57. WO 03/025439 PCT/ EP02/ 10487



16 Clains 1. Pressure reducer (1) with a housing (4) conprising an inlet
(2) and an outlet (3), in which a flow around body (5) is arranged in a
fl ow charnwelo3(&y439 connecting inlet (2) and outlet (3), whecCa#EPIA1(BDW
restrictor (7) is adjustably nounted rg:l ative to the flow around body (5)
for varying a flowrate and is novably connected with an adjusting neans
(8) conprising a recirculating ball Glamg9) substantially fixed in an
axial direction and rotatably mounted in the flow around body (5) and a
rotating spindle (10) axially adjustably nounted in said recirculating

bal I nutt, (9) preésreiradides (ﬂPWﬁh@lﬂo@%?ﬁia)deﬁprﬁﬁ?N@thnleﬁ et gdowliéh said

flow restrictor (7), characterized in that the recirculati'ng ball nut (9)
i s det achabl {3% dxwBieER flaw=around bagy ¢P)disesranpep inediaw sbagnedGht ed in the

2 dri vi ng osorter edBY (Bbsnd BELTH ST Elbuhriolar B SATREEN T 1
rotatabl e bynuredeediative tb inedldwp8jodrer badie(SyBuadrgingenNertra®and fsh t he
recirculating ball nut ( Pressure reducer according to claim1,

9)., 2. .al ng . .
characteri zeH‘qVﬁb{m%ﬂnﬂQ?égq withignadyaingmeans (Buerppaeing 2 resirelpling ihgwalr f” y
t | t I ; k: . adi a
outwar iy pr OeF L SuEBIEED RS RN 2861 drdcorf s Rektany (oAbl &1 Y
(9). 3. Presfaweanoeddbedydbrandangtatingdpindte 110y axdally adjastdlemorated in t hat
shoul der (12 onnected w th each ot her

nd contact f]an 13) are c
parti cul ar |y SARREKaMFYN fall BLECALMBerSh Tt Pl el BanoraPlbt e
precedi ng cl %bﬁﬁecte@Qﬁf{?é%i&?lb&ﬁr‘ésid&téﬂ% the turning sleeve (11) is fixed
32) . ’

in aradial direction
characterized in that

the recirculating ball nut (9) is detachably fastened in a turning sieeve (11)
rotatably mounted in the flow-around body (5) and the recirculating ball nut (9)
is connected with a driving toothed wheel (59) in a rotation-resistant manner,
which is rotatable by an electric drive (58) for the movable connection with the

recirculating ball nut (9).

2. Pressure reducer according to claim 1,
characterized in that
the turning sleeve (11) comprises a radially inwardly at least partially
protruding shoulder (12) closely fitting to a radially outwardly protruding
contact flange (13) of the recirculating ball nut (9).

3. Pressure reducer according to claim 1 or 2,
characterized in that
shoulder (12) and contact flange (13) are connected with each other
particularly detachably.

4, Pressure reducer according to one of the preceding claims,
characterized in that

the turning sleeve (11) is fixed in a radial direction (32).



WO 03/ 025439 PCT/ EPO2/ 10487 17 5. Pressure reducer according to.one of the
preceding clainms, characterized in that the turning sleeve (11) and the
recircul aworg/obzBd nut (9) are arranged in an interior sSpaTEPZAMSDI t he
fl owaround body (5). 6. Pressure reducgr according to one of the preceding
cl ai s, har act eri zed in that i vot bearing nmeans (17) is arranged

bet ween the odtEFSW&I"PIUee)aceerd HngPU?rﬂfH@e preceding damsind wal I s (16) of
the interior %ﬁg%tér].i@d pfthgpe flow around body (5). 7. Pressure reducer
according to one of the preceding clains, characterized in that the pivot

beari ng nmeans tha Yringrslecee§l ﬁtanbethstrearcmlét&ig balbaut (99 atd 8rangdd ifPagssur e

r educer accorﬁiﬁtﬁ 0to one 1of rfﬂ‘ée r ecedi n(g cl.ainms, characterized in that
the pivot bea g '?’r%%ﬁfsle') @%"l"ﬁr@‘dp PPy R achabl y fastened on the
wal | (16) of the interior space (14). 9. Pressure reducer according to one

of the preceding clains, characterized in that the pivot bearing nmeans
(17) clo$ely fressurg r@.d'S(PQfLﬂC@@fdem opé ofiéhd preteyiing claimgne of its ends

(19) and is f g%&gﬁozae{fz%%héﬁot he wall (16) at least in an axial direction

(32) at its other A Pressure reducer according to one of the
precedi ng cl aiasvot béwrr@QﬁeéhciYW)ll@ atfr'aﬁbeé b'éﬁhé’érﬁ‘tﬁ&outb?ﬁl/a I%?%) éﬁthe

associ ated at ,the other end (2 he pivot bearing neans

Pressure reduf¥Pingc3leeve Lt )t%’ddﬁ@”%ﬁﬁr)@étfm interitirrapace 41 Ak0f the ﬁla)maaltoaulndz ed
in that body (5).

7. Pressure reducer according to one of the preceding claims,
characterized in that

the pivot bearing means (17) comprises at least one ball bearing (18).

8. Pressure reducer according to one of the preceding claims,
characterized in that
the pivot bearing means (17) is particularly detachably fastened on the wall
(16) of the interior space (14).

9. Pressure reducer according to one of the preceding claims,
characterized in that
the pivot bearing means (17) closely fits fo a shoulder (20) of wall (16) with
one of its ends (19) and is fixed relative to the wall (16) at least in an axial
direction (32) at its other end (21).

10.  Pressure reducer according to one of the preceding claims,
characterized in that
a retaining ring (22) is associated at the other end (21) of the pivot bearing
means (17).

11.  Pressure reducer according to one of the preceding claims,
characterized in that



WO 03/ 025439 PCT/ EP02/ 10487 18 a ring nut (23) can be screwed onto a
screwing end (24) of the turning sleeve (11). 12. Pressure reducer
accor di ngwoe3ora3of the preceding clains, characterized POTIHPAY/1M4BE
turning sleeve (11) conprises a radially,outwardly protruding stop (25)
spaced apart fromthte rewing end (24). 13. Pressure reducer according to
one of the pré&¥d AY @S‘éicﬁfﬁ',be qHaVaEtasite Aagrewingrend (R43 phthe turming s(8)e can
be arranged bggypeen the stop and the pivot bearing neans (17). 14.
Pressure reducer” according to one of the preceding clains, characterized
in that the rotating spindle (10) is connected with an actuating piston

(27) bei p Lcularly detachably connected with the flowrestrictor (7).
15. Pr esg%r’e ﬁé%%‘gﬁ r&éﬁ%‘?rﬁ%&'@'e@li%ensp?t%pfﬁ@@m #gins.ai ns,

char act eri zed charddiédizdd g that at i ng spindle (10) and the actuating piston
(27) engage each other with their ends (28, 29) facing each other in a
formfitted mifdimingdsleeventd) commised a mdiallyroutwaetly pidrudingswp (@5 educer

according to receding claing,,, characterized in that the flow
restrictor (7)%8:3%8 ﬁbgﬁif&rﬁ&%ﬁg%wg&gggéz@erfor ated panel (30). 17.
Pressure reducer according to one of the preceding clains, characterized

in that les (31) with different dianmeters (33) are fornmed in the
per f or at dd- pafiéesuIe yedygerascardiag teipne of thep(eseyingwiaia®, 025439

PCT/ EPO2/ 1048 ¢nharacterized in that

a spacer ring (26) can be arranged between the stop and the pivot bearing
means (17).

14.  Pressure reducer according to one of the preceding claims,
characterized in that 4
the rotating spindle (10) is connected with an actuating piston (27) being
particularly detachably connected with the flow restrictor (7).

15. Pressure reducer according to one of the preceding claims,
characterized in that
the rotating spindle (10) and the actuating piston (27) engage each other with
their ends (28, 29) facing each other in a form-fitted manner and/or are
screwed to each other.

16.  Pressure reducer according to one of the preceding claims,
characterized in that

the flow restrictor (7) is an axially displaceable perforated panel (30).

17.  Pressure reducer according fo one of the preceding claims,
characterized in that
holes (31) with different diameters (33) are formed in the perforated panel (30)
in an axial direction (32).



19 18. Pressure reducer according to one of the preceding clains,
characterized in that the perforated panel (30) is constructed as a holl ow
cyl i nder wB4p/o2d48h hol es (31) arranged in the cylinder waCI/HP85)048719.
Pressure reducer according to one of thggpreceding clainms, characterized
in that t | ow cylinder (34 nprises at its end(36) facing the

f1 owarou b JﬁSSler)reQHC?rr%‘&Oﬂ' Bgéo oyeididiee preseding:clatnexi al | y

di spl aceabl e |dhaaacg§@iéd1 tﬁﬁfe (37). 20. Pressure reducer according to one
of the preceding clains, aracterized in that the hollow cylinder (34) and

t he insert abl éh@plerfnrﬁed P38l (39) & cmhs’ltuowd asathesllowdiydingee(33t) (\d®) holed .

Pressure redu 55 %(%cordq]w,&t]t ﬁnéa I&%precedl ng clainms, characterized
in that the hoPlb A SR Wal E)aceabl y mounted in a cylindrical
portion (40) of the outlet (3). 22. Pressure reducer according to one of

t he precedl ng clains, characterized in that an inner wall (41) of the
cyl i ndri ¢ pd;fresﬁme(radyceﬁrsacfcerdmgt@pnacﬁ@m pregediriealaiens,42) . 23. Pressure

reducer accor ?RF he preceding clains, characterized in that
the outl et (3$%§%ﬁ#%1 mgb%gnded downst r eam of the cylindrical portion

(40). 24. Prdisshokow eglindr ( aa;:@cmdpﬂgeéatmglen@tsé)ffacuag%@%b%r%hﬁa%d
characterized in that a free end (43) of the actuatln% piston (27) or the
)in

rotating spi ndPkan gpriable adindge (B8) heinaaxiahyidisplaseah abeazrmg barer©@Z e
cylinder (38). WD 03/025439 PCT/ EP02/ 10487

20.  Pressure reducer according to one of the preceding claims,
characterized in that
the hollow cylinder (34) and the insertable cylinder (38) have identical outer
diameters (39).

21.  Pressure reducer according to-one of the preceding claims,
characterized in that
the hollow cylinder (34) is displaceably mounted in a cylindrical portion (40) of
the outlet (3).

22.  Pressure reducer according to one of the preceding claims,
characterized in that
an inner wali (41) of the cylindrical portion (40) is formed by a sealing
sleeve (42).

23.  Pressure reducer according to one of the preceding claims,
characterized in that

the outlet (3) conically expanded downstream of the cylindrical portion (40).

24.  Pressure reducer according fo one of the preceding claims,
characterized in that
a free end (43) of the actuating piston (27) or the rotating spindie (10) is
screwed into an end bore (44) of the insertable cylinder (38). |



20 25. Pressure reducer according to one of the preceding clains,
characterized in that the end bore (44) conprises a shoul der (45) for

def i ni ng wogsnzswed position (46) of the free end (43). 2GCTHPeTHUYBE
reducer according to one of the pr eceding clains, characterized in that a

gui de borg (47) is formed parall to the end bore (44) in the insertable
cyl i nder %‘538) F\)/Q‘;“?ﬁur\ﬁrﬁege %‘iﬁoﬁ‘@nﬁl B ongdf the PEresingelanns: engaged. 27.

Pressure reducparademsél fonkp one of the preceding clains, characterized
in that at | east one sealing nenber (49) is arranged between the insertable

cylinder (38)jthasadttese (4hlecompiises Sehoultiet (45)terdéfiningarseré 8@ podifion
Pressure redu&gé}éﬁﬁg d| n‘% éﬁ@ne of the preceding clainms, characterized

inthat a flo ersperses the insertable cyllnder (38) in an
axial direction (32). 29. Pressure reducer according to one of the
precedi ng clainms, characterized in that the flow around body (5) is
conposed 4+ an’éﬁWréll‘edéw q@eydingdo one ofthie presdiding ¢l6@ns,54) . 30. Pressure

reducer accor he preceding clains, characterized in that at
| east the inlg”L?1 %&'é%i '“‘*Eéﬁ facing the inlet (2) is substantially shaped

like a circuleguidenere B47) iSferaasd ﬁarraﬂdltt@&he@@\@%d#é '('@4)t|ﬁ tﬁ@%ééfrtabk@
preceding cla characterized in that a cone '}gm nt of the inlet end

body (53) f ac&gF inder(RE) withodtichha ayide pie (48) ia displpceally angagedanged
particularly centrally to the inlet.

27.  Pressure reducer according to one of the preceding claims,
characterized in that
at least one sealing member (49) is arranged between the insertable cylinder
(38) and the inner wall (50) of the bearing bore (37).

28.  Pressure reducer according to one of the preceding claims,
characterized in that
a flow channel (51) intersperses the insertable cylinder (38) in an axial
direction (32).

29. Pressure reducer according to one of the preceding claims,
characterized in that
the flow-around body (5) is composed of a central body (52) and two end
bodies (53, 54).

30. Pressure reducer according to one of the preceding claims,
characterized in that
at least the inlet end body (53) facing the inlet (2) is substantially shaped like a
circular cone.

31.  Pressure reducer according to one of the preceding claims,
characterized in that
a cone point (55) of the inlet end body (53) faces in the direction of the inlet (2)

and is arranged particularly centrally to the inlet.



WO 03/ 025439 PCT/ EPO2/ 10487 21 32. Pressure reducer according to one of
the preceding clainms, characterized in that at |east the recircul ating
bal | nut W0)3apd3t he turning sleeve (11) are arranged in PChEPSubEBanti ally
cylindrical central body (52). 33. Pressyre reducer according to one of the
precedin IaLJgs characterize .iq t hat 3 | ocki n | ate (56) is arranged
bet ween tife cdntratSISYCrEascAiinginoneRidhe Pepeedivaiglaims) . 34. Pressure
reducer accor diHa@adierie@irPthaihe preceding clainms, characterized in that a
position sensor (57) is arranged approximately centrally to the | ocking
plate (56). 38.leastdhe necrouatingdvalanddPiand thetwnimgdlede(1) ecedimgget ai s,
characterized . rivjng, toqthed | (59) is fastened with the
turning sl eevéh?f%&%@h?@\‘ gyl{rﬁf 'C%b%?rﬁfﬁgﬁgf’m all nut (9) by a screwed
connection (60). 36. Pressure reducer according to one of the preceding
clains, characterized in that the electric drive (58) at |east conprises
one el ectfd-c rEsPUEdEdUEEN according e @senfdhe prrassingiclabmsli ng t o one of the

precedi ng cl ai rkzed in that the driving toothed wheel (59) is
constructed asdﬁ?av\%grtr?nfég%gimeh) being engaged with a worm shaft (64)

driven by the sloekingiplaten(66) i &tanded) betwd®n the @epttabbs@P(BanAaREEIENg to
one of the precrggi)(g&d%l ims, characterized in that the worm shaft (64) is
movabl y conne& 3n el ectric notor (61, 62) on each of its end

sections (65, 66).

34.  Pressure reducer according to one of the preceding claims,
characterized in that

a position sensor (57) is arranged approximately centrally to the locking plate
(56).

35.  Pressure reducer according to one of the preceding claims,
characterized in that
the driving toothed wheel (59) is fastened with the turning sleeve (11) and/or
the recirculating ball nut (9) by a screwed connection (60).

36.  Pressure reducer according to one of the preceding claims,
characterized in that

the electric drive (58) at least comprises one electric motor (61, 62).

37.  Pressure reducer according to one of the preceding claims,
characterized in that
the driving toothed wheel (59) is constructed as a worm gear (63) being
engaged with a worm shaft (64) driven by the electric motor (61, 62).

38.  Pressure reducer according to one of the preceding claims,
characterized in that
the worm shaft (64) is movably connected with an electric motor (61, 62) on
each of its end sections (65, 66).



WO 03/ 025439 PCT/ EPO2/ 10487 22 39. Pressure reducer according to one of
the preceding clainms, <characterized in that the end section of the shaft
(65, 66) weoseorsata ucted as driving axle (67) of the el ecPET/EPHMILES7 (61,
62) 40. Pressure reducer according to' oQ? of the preceding clains,
characterj zed jn that the end sections of the shaft (65, 66) are nounted
adj acent F%he &lressyededdedsraccor@ng tgone of the presegineclasasicer according to
one of the preggidigifdfin gt characterized in that the flow around body
(5) directly or an outer sleeve (68) arranged thereon conprises at |east

one radi al extleendrsecion ofthe StRft (66, €6 isngpristructes] andevingaixie (67§9F tha t he
fl ow channel %@% 42, Pr&ss%ég reducer according to one of the preceding
clains, char &EEHT RO (BT electrical wires, supply lines or the like
are passed through the extension (70, 71, 72) into the flow around body
(5). 43. Pressure reducer according to one of the preceding clains,

char act er40zed Rrassuratredtecrrantoading to ensiofthe posceding dlaims,s poi nted at | east

at its end (7 facir h inlet (2). 44. Pressure reducer according to
one of the pr %@8&%‘%‘%@?@?{ characterized in that the housing (4) is
formed of twothaeha seetohdef PRl dHafqQBst bs)hé‘%b[lﬁte{dﬁbjac?eﬁ'}t tRE Blech Fhotors
together by a clanping ring (76) along their outer circunference. 45.

Pressure redué@t, &eor di ng to one of the preceding clains, characterized
in that

41.  Pressure reducer according to one of the preceding claims,
characterized in that
the flow-around body (5) directly or an outer sleeve (68) arranged thereon
comprises at least one radial extension (70, 71, 72) extending to the inner wall
(69) of the flow channel (6).

42. Pressure reducer according to one of the preceding claims,
characterized in that
electrical wires, supply lines or the like are passed through the extension (70,
71, 72) into the flow-around body (5).

43. Pressure reducer according to one of the preceding claims,
characterized in that
the radial extension (70, 71, 72) is pointed at least at its end (73) facing the
inlet (2).

44,  Pressure reducer according to one of the preceding claims,
characterized in that
the housing (4) is formed of two parts and the parts of the housing (74, 75) are

held together by a clamping ring (76) along their outer circumference.

45. Pressure reducer according to one of the preceding claims,
characterized in that

the electric motors (61, 62) and the worm shaft (64) are arranged in an



the electric nmotors (61, 62) and the worm shaft (64) are arranged in an WO
03/ 025439 PCT/ EP02/ 10487 23 outwardly open transverse bore (77) extending
subst ant i&bDlog/op@spendi cul arly to the rotating spindl e (1OCI/EPE2/1RBESSUr €
reducer according to one of the precedkhg clains, characterized in that a
radi al extension (71, 72) is associated wth each of t_h? open g_ndf &/78, 79)
of the tran$Wiwaglygpan trapsverse bore (77) extending substantially perpendicularly to

the rotating spindle (10).

46. Pressure reducer according to one of the preceding claims,
characterized in that
a radial extension (71, 72) is associated with each of the open ends (78, 79) of

the transverse bore (77).



