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
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pressure reducers serve to regulate the flowrate of fluids, gases and/or
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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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the interior space. A possibility for fastenl ng the pivot bearing neans,
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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
actuating piston may be screwed onto thg rotating spindle fromthe

out si de. Anot her exanp] e for the nutuyal attachnent may be seen in WO
03/ 025438\ EPEING Shisle and {ieeCUARG BiSkRN Ate %Waﬂﬂd(yeatéhalrﬁngszi%@lnat i ng

pi ston apg.LRUAIES a%,—;ﬁ{?ﬁﬂgp rﬁ?ﬁﬁerf &d/5%are"a5bweal 'f@g??;[hér. 3n b5 '&bﬁﬁéétﬁ}g)énan ner

and/ or are screwed toge n this connectl on, e screw ng nay
real i zedthe sdrewingpmeay dmoredilingd sithda corréspondingestudtordhe ilike swhielvigiscrewed

transversely to e.axial direction jnto the ends, of the rotating spindle
and the TapRveISpligS e el sty Bk et ShBereising st PRl e ane.
The f|0Wab&|%Eih%%§t6n FRInd allk DtEraHe @bl @npBElNG tHd sy, for instance, be a
needle as iIs escribed Tn DE 3409974. "Moreover, the flow restrictor may be

an axially novable perforated panel. For being able to easily realize
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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
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I nsert re,r,. re ctivel 0 the,actuatin | ston or the rotatin

spi ndl e, el adlf?l""dl"ég B&ﬁ%’%‘?&@e BH%f tﬁqe OUQ|G'[ oF ’ctheahous?ngp in?o subsequent portions ofga
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.
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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,
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For bei rpse et R ind oihed AhgE BrBS @ ndt bfesthedepdbel fip -
required, the same may be attached on the turning sleeve and/or the

recirculating ball nut by neans of a screw connection. A sinple
possi bi | Feybeing abig,inawayeserexshasge the ddvidg iteethed wheel steaguirads thet t he
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reci r cul mieang opaldcrémitconasetidr rotating the recirculating ball nut with a
possi bly required high influence of forces at the sane tinme, the driving

t oot hed wheel may be constructed as a worm gear engaged. with a worm shaft
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i mpossi btampirisdwal [east aud alectrimmofort he el ectric notor 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 exanple, a cylinder worm may

gespﬁ?i resk dadily shEVIRPLr¥SESANME GhnskstIN BHiBR IHa8vdE RdB4cife Maioked W th
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



gear, or an envel oping worm may be paired with a gl oboid worm wheel . For
constructing the electric drive to be as safe as possible against failure
and/ or f owoO 0Bfzy4e@asi ng a power transm ssion onto the wor mPSRafPD2/104BE wor m
shaft can be novably connected with ong electric notor each at its end

sections. ectric potor. . can, for exanple, be a stepper notor or
the Ii ke.pég@%eﬁ%t&%gﬁ%ﬁgcﬁnstWéhﬁé?‘ﬁﬁﬁﬁﬁﬂﬂreﬁﬁg%@tﬂ&ﬁ%@ﬁ ivgishafts of
cor r esponiaé efectid iretorshafts of the electric notors in a rotation-resistant

manner. It is, however, also WO 03/025439 PCT/ EP02/10487 9 possible that
the end sections of the shaft are directly constructed as drive shafts of

the el ectgy r I I unting the worm shaft jn,a secure
manner ¢ hor SRty Siaurinarit Ho iR s ety herebualiona &4

sect i ons abbottheorsdsfdndiray fopeed R EAd s@@ii@f@@ﬁthe?&]aﬁhﬁgﬁ b8Ghbited %to?éc%pt Such
beari ngs r’rﬁ{ﬁbe bal | beari n(%z and/ or axial bearings. For supplying, I
necessar ° 118 plechieghains Sueisberringsamay be-kallheafingsand/omaxial earingsound
body can conprise an outer sleeve with a radial extension extending at

| east to the inner wall of the flow channel. Electrical wires, supply

lines, ifSrsupplying, #adsessaryt alecomivenents ihsidpahe BewtoUAL HodySihe fdw-eover,

t he radi al ﬁﬁﬁ?@\'{ on ma%{wal so be agpl ied for conducting the flow, by, for
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the sanethaalkemaydienpassesttheretsiough. Msseevet, freciadial iktension @by aldeboi nt i ng
is desig . that 1t has.a favorable effect on the flow,_ As both
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This can, for exanple, be realized €l'ectronically or by neans of software.

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

to the JISRR-LORIbR, AthRdotection thbPHS rdwinif & pSSainR are dommed dartg ©'
the flow 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



body, the housing can consist of two parts and the parts of the housing may
be held together by a clanping ring along their outer circunference. For
bei ng ablwotog/osupply and control the electric notors of tRreT@EPeTI®MBT drive
directly fromoutside the flow around quy, the electric nmotors and the
wor m shaft can %ﬁ%qjarranged In an outwardly open transverse bore extendi ng

subst ant {28 #SSoteq wilh 3 radial exiensien af theouter sigiere, thooudiewhight hgaieby abl e
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of the outer sleeve, . through I ¢ch, again correspondi ng electrical wres,
supply i g%js'q%@pappgﬂihq ﬂ%%&fm@ pEoUnddbedlaw-geoungdaaditl to the el ectric

notors from outside the housing, protected, by said radial extensions,
against the fluid flow ng around the flow around body. An advant ageous
enbodi merfth advariageouseembodinuéntiof tiee Fiveafioe wilbheeimfisreteqlainggays of the

attached {] rein.Fig. 1 shows a |ongitudinal section through an
enbodi nerﬁ{'é%*g(gﬁB?gi@ﬁﬁggf'gﬂ&?cweé%'eor ding to the invention, and Fig. 2
shows a section along line Il-11 through fig. 1. Fig. 1 illustrates a

| ongi t udi nal section through an enbodi nent of the pressure reducer 1
accor di n§igd-d t he i Bhewsiadangisuinalgasion throughereembodionatiof esprastnasi ng 4

formed of housing 79, b d.two parts of the housing are held

t ogether by a cIa?r%ln'}r?g%r%léﬁ%r%%%ﬁdn\(%fép'éﬂger ci rcunference. The
housing 4 conprises 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 ot h?ﬂg-t?y mean8NoWs asection alonthiing 114l throwgholigat.ound body 5 is di sposed
in the flow channel 6. The flow around body 5 is forned of a central body
52 and two end bodies 53, 54. The end body 53 is associated with the inlet

2 as inl &ig.dnilusteates andnpiaedindleseshioneh@iugh an embodiment of the pressure
reducer 1 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.



circular cone. A corresponding cone point 55 faces the inlet 2 and is
arranged centrally thereto. The other end body 54 is constructed as outl et
end body wo oao2zebst antially truncated fashion and conpri ®€3/Ex02/14487 end
facing outlet 3, substantially centralliyy, a bearing bore 37 open in the

[ [ t. 3. | ocKki | ate 56 i s arranged between the inlet
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position sensor 57 is disposed in the center of the l'ocking ~plate . Said
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central bothespamiing setling entbers, The biteralledvebs EBRpAYES eeeélgolﬁgg?) 54,
both are surroag@gg@g\éi an outer s|leeve 68 along their outer circ erence.
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or the like, can be passéd fromo ousin e T'ines 81 are
screwed to the housing 4 externally thereof by neans of a termnal 87. An

' [ . 8 d i he i [ 14 of th tral body
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9 is arranged Iin a turning sleeve 11 an connected _ .
r ot at i on@¢&aliag RigtomBAnERE raviculating bajl nutdkisearcanyed inestuaning atiedel 41 and
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nut 9 i nradialy inwardly protruding shoulder 12, which closely fits to a correspondingly
radially outwardly 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.



position illustrated in fig. 1. The contact flange 13 of the recirculating
ball nut 9 is arranged approxinmately centrally on the recirculating ball
nut 9 in aooawezaBI direction 32. Via shoulder 12 and cont co/HPbzangs? 13 t he
recirculating ball nut 9 and the turning, sleeve 11 are renovably attached
to each her. by, means of a onnectjon 60 froma nunber of studs.
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interior space 1 e pivot bearing neans 1

at | east tigpethesinangeari ng 18.  For f|X|ng 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. 1n i tS/lalmﬁﬁ‘eﬁﬂbmtlbﬁﬁoté1§rl\Vlhg%dtHéd whddi 68 i§ |lﬁ§rfi§¥ cbﬂﬁ&%d%fh 19 of

the pivot bearing nmeans 17. A sto the turnin eeve
associ at &¢ WrpiRg Yervesi hapdéhe rmrcwatmgdoqih nit9 lheearotmyorrmmé\ﬂt?mahnerpacer

ring 26 i waen 5 and the 0 e

beari ng rrséé@éﬁ ag?%?)tggéver ﬁsﬁ%‘%%}i‘%&f %}"‘P{%Q%ﬁr% Bﬂ@”gag%g‘l%& 20 of
t he i nt ecooespmating %rmvmm4)25439 PCT/'EPO2/ 10487 12 The pivot bearing
nmeans 17 is fixed in an axial direction 32 relative to the central body 52

by closely fitting to a shoul der 20.on one hand and by a retainer ring 22
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10 protrudes with its end erecircu in the
di rect i ofOR¥Iecting isralizeddy aforthfittedadg@gernant ofrtbemndrRB withadl e 10 is

det aChabEéfrr&%%‘fﬁgqg fé ?ngt gﬁd %@t&% %’[LP Itl?\bop?stc%z 27, and by additionally
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



connection is realized by a formfitted engagenent of the end 28 with a
correspondingly facing end 29 of the actuating piston 27, and by

addi ti onawby3/0338€wW ng the two ends together with studs 8PCTHEPe2/a#@suLati ng
piston 27 is passed through the outlet gpd body 54 to the flow restrictor

7. The a td iston 27 protrudes jnto the bearing bore 37 and is
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wher e it of sheeylRitkidal forfionse) ewed 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
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cylinder 34. In the position illustrated in fig. 1 no fluidic connection is
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el enrent seals the bearing bore 37 “agalns annel"'6. A gui de bore
47 and a flow channel 51 are forned in the insertable cylinder 38 parallel

to the eﬂdscp&kgd %fé‘evyb% i%ua;rldaengbe riﬁsi Z tﬁg re\rllgsbotrg 4‘1‘ ?n éev%?gwb’lh% f(flﬁleceC 8m%at ©
of the actuating piston 27 can be screwed and which 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



a guide pin 48. Said guide pin 48 is inserted into the guide bore with one
of its ends and fastened in the outlet end body 44 with its other end. The
fl ow chanwelo3®i1543connects the interior of the holl ow cyli mdéarEP8Z10a81 h t he
bearing bore 37. A screwed sleeve 86 is arranged inside the end bore 44,

into which the free_end 43 of the actuati ng7D| ston 27 can be_screwed and
whi ch co?RRn 8B8ds ¥ Re’Snuheiet a4:gd|al extegsioq) Ko 7gafdhe ostenfigeven@s i !$crevm ng and
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86. Fi g.radlialexterstmis ph, 72 tonihel traresvielsd bore70frghn duitgidé. thé&o@sfnggur e
particularly shows an electric drive 58 for the recirculating ball nut 9,
whi ch conprises two electric nmotors 61 and 62. In fig. | and fig. 2
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are partly explained in connecti"on W th one ure e electric
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The transverse b e 77 extend er pendi cul ar, axial direction 32
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shaft 64gdffvareot at ably nounted inside the transverse bore 77. The worm

shaft 64 conprises two end sections 65, 66 each of which is associated
with an electric notor 61, 62. Each of the end sections of the shaft 65,

cor  espoR RePHaT i Fonfs Kie"deligndiins 8.0 SelaeRERbTostklp Ahe,
t he wor neshraidte®dithghe @odlegpbiiding inks @ 10r SBHHG apbl cintlobpaitpodesadi al
bearing 82 and a radial bearing 83 on its end sections 65, 66. The

transverse bore 77 conprises WD 03/025439 PCT/ EP0O2/ 10487 14 open ends 78,

79, wher $h8 oBer AN 1R 8308 Lucd BRbriS PHHO v ShASY GilHerbangpBaci ! o

w th each rrespon |ng I nes are passe sard

radi al ebtiefhsexpisinéd by/idetins bhthd figureser se bore 77 from outsi de the
housi ng. The electric nmotors 61, 62 are synchronized with each other so as
to drive the worm shaft 64 at the sane tinme. The electric notors may be
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electronlca y or- by neans o
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.



software. In the open ends 78, 79 the electric notors 61, 62 are detachably
fastened and connected with the corresponding |ines 81 for supply and
control pwopeseR3? The operation of the pressure reducer a®CarEPON48D t he
invention will hereinafter be briefly gxplained by means of the figures.

For adjustln the flow_restrictor 7 in the direction of the_ inlet 2, the
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Fhe Tl gnioftirae s faikoty ShattieywibrehehRRY shaibids refatabls BLLER S, | ©
the flowg yr%mcsmfé&ble%tﬁcom@&ﬁ’s@l Bt mh&@earf é)@ébt%\'hﬁ ré?rdﬂuciﬂl'@d%%lab@mm

pi ston 2 kew se displaced in the direction o he inlet 2. Thus, a
f1 ui di ¢ efthadlow thW\E,e@spetcva#bewwnm’camétrOB imfeasitie e catesponding oduced

via nore _or.fe [

corres po‘ﬁ%‘?‘ﬁl@ \Af@'\ﬁhﬁ)oa\\’y gesgé?t\%ZﬁS {d%% 5&\ 'g%é %¥1 &L%%ﬁég&g%lgg%@eéﬁ&hég@ ta@ings

det erm ngginmé 1By METpesition sbhsor®t.es 31 and the diameters 33 thereof. WO
03/ 025439 PCT/EP02/10487 15 If the flowrestrictor 7 is again displaced
into the position according to fig. 1, a fluidic connection between the
flow channel 6 and the outlet 3 is again correspondingly interrupted. In
accordance with the invention the adjustnent of the flowrestrictor 7 is
realized by the rotation of the recirculating ball nut 9 and particularly
by the engagenent of the



worm gear 63 with the worm shaft 64, whereby the wormshaft 64 is rotatable
by two synchroni zed electric notors 61, 62. Thus, an exact and

repr oduci wbe3gespd acenent of the flow restrictor 7, espe®CalHPy2/boas8T enot e
control, is feasible. The correspondi n? position of the flow restrictor 7
is determ ned by the axial displacenment  of the rotating spindle 10 by the
position sensor 57. WD 03/ 025439 PCTAHHOR® 10487 16 d ains Pressure reducer
(1) with a housing (4) conprising an inlet (2) and an outlet (3), in which
a flowaround body (5) is arranged in a flow channel (6) connecting inlet
(2) and fout | Predstire rebigssi(n) mthlaor«msmg (4)doPhiprising bR ife EBtaM ah olBetnt ed

relative to the flow around body (5) for 'varying a flowrate and is
novabl y conné®) &uwhiohha dew=RIpusd bagy (ks ariaigesoma fiaw shaanelds) r cul at i ng

mount ed i n R8NP Bl ash iGfer . Fhetal P nel S S VS sl X 1

adj ust abl y mmaoninged relativaiditheaow-ardurid tbtgd)b@) Iforrwér?/m@)a flolesrs and e
rotating spindle is novabl connected with said ow restrictor (7),

char act er i zef'qQvgb M%&nrter%eal withran adivstig HERNS () Coroprising eetesipalBling foalit eneg
5
e r eol rour B <Eiefentialy Bict Mo o Bl echrllnd Fotaldly Holife il U0) 3"

(59) in a roﬂaMamundsho@yc’(ﬁ) am@arretatmgvdplmﬂie|($O)ra)t|alt)a.’acﬂjasﬂablwmoeh@btlhi c
h the, recirculating ball nut (9).

dri 58) for.th
2.rI \Iésegsuze gé‘(ﬂf@g\r&ﬁ@g Eﬁﬁ ng cV PYﬁ"l tne Etiaing eRindieg Mevatiue t he
turning sl eeggn,géétgd%n?gé,?g§meg ﬁ;‘t@rﬂ'?é inwardly at |east partially

protrudi ng shoul der (12 osely fitting to a radially outwardly protruding
contact fl angkarac8rized infleatr eci rcul ating ball nut (9). 3. Pressure reducer
according t O’thceI raecﬁpcula%ng%all nut (9) is detachably fastened in a turning sleeve (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).



characterized in that shoulder (12) and contact flange (13) are connected
with each other particularly detachably. 4. Pressure reducer according to
one of thwoms®z®a® ng clains, characterized in that the t®cmirrg2/si4eeve (11)
is fixed in a radial direction (32). WD;03/025439 PCT/EP02/10487 17 5.
Pressure#]edu r accorgi ng to.one of the precedi ng clains, characterized
in that t FRPFHISJPEUGE qocoyding do PRe of #e presesintgaies. nut (9) are
arranged in akhatdti&fiz<y insBace (14) of the flow around body (5). 6.
Pressure reducer according to one of the preceding clains, characterized
IP tﬂat a pi vdhe ﬂgamgrgj?%ﬁ&)(ahﬁ)thegearicmwf bdﬁBhM@(@')a?dﬂérr@H@@d |r\(/\?|2|) (]}5)
of the turni eeve the interior space o]
the flow arOUMG?%OW%é%??Hﬁ@@@W%SQ(géag accor di ng to one of the
preceding clainms, characterized in that the pivot bearing neans (17)

conprises at | east one ball bearing (18). 8. Pressure reducer according to
one of t e pr&FBSHUIG r@dmﬁfsﬁCCOmam:DeeDfﬁtb precedintg ¢ldiengi vot beari ng neans

(17) is parti %Héfdre é(ngec\lt'ﬁ(‘tﬁg‘tt)l y fastened on the wall (16) of the interior

space (14). Sssure er according to one of the preceding cI ai s,
characteri zedai pfivdstftﬁarin@anéaﬁ@Uﬂ&@hf@ﬁgé@%@%&éﬂ ihéb@t@?hﬁéﬂf( ?Fott
shoul der (20)  of  wall (16‘? with one of its ends (1 and IS |xe relative
to the wall (1@1%81%‘@{ 1ranshwallg @i6) of the interior space(14) of the flow-around
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



direction (32) at its other end (21). 10. Pressure reducer according to one
of the preceding clains, characterized in that a retaining ring (22) is
associ at eaoaB/024389 ot her end (21) of the pivot bearing ne&o3/HPLY)048711.
Pressure reducer according to one of thegpreceding clainms, characterized
in that WO 03/025439 /[ EPQ2/ 10487 18 a ring nut (23) can be screwed
onto a screwi Ry TRHAUL &) can reyerionde 8| sssewing(end) (24) of ther eising sleeasucer
according to qua,of the preceding clainms, characterized in that the
turning sleeve (11) conprises a radially outwardly protruding stop (25)
spaced apart fromthe screwing end (24). 13. Pressure reducer according to

one of t pr i.ng cl.ai nms characterized in that a spacer ring (26) can
be arrang@d bgr%\%q{%trﬁgug‘?rﬁ?cgﬁ@ngE%OB?\Pétth%BEﬁqeﬁQ’Q Fains (17). 14.
Pressure reduepbrattefal ngdhhpe one of the preceding clainms, characterized

in that the rotating spindle 810) is connected with an actuating piston
(27) being pahe fwningrsigevetHocabiprisesranectially ovtwardiy erdthaiing etpr2s or (7).

15. Pressure rdi,ng to one of e precedi ng clains,
charact eri ZedSﬁ%&%‘ﬁé{’gf‘ﬁ@f‘gm%ﬁrﬁ&"%?ﬂﬁK%‘Iﬁ( 10) and the actuating piston
(27) engage each other with their ends (28, 29) facing each other in a

formfitt%d nner and/or are screwed to each other.
13. ressure reducer according to one of the preceding claims,

characterized 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).



16. Pressure reducer according to one of the preceding clains,
characterized in that the flowrestrictor (7) is an axially displaceabl e
per f or at edlopanei43{ 30). 17. Pressure reducer according to ocg/EPD2/10387
preceding claims, characterized in thatgholes (31) with different

di arreters 33),are formed in th perforated panel (30) in an axial

di rection 5%32)Pre§@1r§§pgeggf@@3 ing e onewfdre praseding clpiressur e reducer

according to qparsdteli®y pY®eedi ng clains, characterized in that the
perforated panel (30) is constructed as a hollow cylinder (34) with holes

(31) arranged the peﬁeraigzd ipadel (3Rl ceradjuctedas Briediowr eylindd(3) vatclaslds ng t o
one of the pr har act ed in that the hollow cylinder
(34) conpri Sezgifér?%gg cﬂﬁ‘”t?‘gf)c)y?'ﬂ I?féfé fl ow around body (5) an

i nsertable cylinder (38) being aX|aIIy di spl aceabl e in a bearing bore (37).

20. Pressure reducer according to one of the preceding clains,
char act eri%ed Rrassuratredueenrsconding jo Dnderftlﬁapbeca}dmgcbialrmmsertabI e cylinder

(38) have ide aneters (39). 21. Pressure reducer according
%b?fé’cegfingaei@l tggtm 2L | :

to-one of the prece characterized in that the holl ow cylinder

(34) is displ deeabliow myhhid@'c(Snﬁc@'nQMéé@df |'t§é||1d PSE)tﬂa@lﬂg(tHQ)'loﬁltarohhé bRy et
(3). 22. Pres?ure reducer accord ag; to one of precedi ng cl ai s,

char act eri zed (PhaR KseriaRla Wl'é‘ﬂe%ﬁ being ayally d@ptgﬂeah@rmcfabeqrmg bane @2D) i s

formed by a sealing

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). |



sl eeve (42). 23. Pressure reducer according to one of the preceding clains,
characterized in that the outlet (3) conically expanded downstream of the
cyl i ndri cab opor2isdon (40). 24. Pressure reducer accordi ng PeT®EPe2/0f481 he
preceding clains, characterized in thatzoa free end (43) of the actuating

pi ston ( orothe rotatin screwed into an end bore (44)
of the iﬁ%%rtﬁﬁéswyewﬁﬁaef?%cs%fdrnw ﬁ@éﬁ%gr@@ﬂﬁmgmmm 20 25.

Pressure redug®iaradenrsl pankp one of the preceding clains, characterized
in that the end bore (44) conprises a shoulder (45) for defl ning a screwed
position (46)theendhore (44) @tdprasa)a sB6ulder g5 dordefedng arsceewed gosiioho one

of the precedi cterized in that a guide bore (47) is forned
parallel tot gg)eﬁﬂotﬁsgséee? ?‘{ﬁn the insertable cylinder (38) with which a
gui de pin (48) is displaceably engaged. 27. Pressure reducer according to

one of the preceding clains, characterized in that at |east one sealing
nmember (45 | ?"QW‘&’ﬁg‘édu@ﬁtmmlﬂgéoDnseﬂfﬂ%p&awgdingﬁdarms(38) and the inner

wal I (50) of (37). 28. Pressure reducer according to one
of the preceding éﬁal'ir%)gmt}ﬂ%gr acterized in that a fl ow channel (51)

i ntersperses tahguideders ed)ds orhigttisara(ldigd the cag b@ﬂa@M) iAith8 idePtBible32) . 29.
Pressure reduce{maccordl ng to one of the preceding clainms, characterized

in that the fCYWRIRdaREVEB YhighR guide sinidSeis displaceablyrenigagedy (52) and two

end

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.



bodi es (53, 54). 30. Pressure reducer according to one of the preceding
clains, characterized in that at least the inlet end body (53) facing the
inlet (2)wbDa3medast antially shaped like a circular cone. PCI/HPOESEET e
reducer according to one of the preceding clains, characterized in that a

cone poi (5 of the inlet end. bady r\%SB faces jn the direction of the
inl et (2;52-an riegsgqerrgqlblgar ﬁ%ﬁqrgk‘f‘gltgrq Q,f)éh? PEEGSAIRG ClBES nl et . WO
03/ 025439 PCT/dHP248A4&T in thht 32. Pressure reducer according to one of the

preceding clains, characterized in that at least the recirculating ball
nut (9) and t & leastihe gecirasdating bal) nutr(8) and dmegraning slede Cuhstraatiaabby in

cylindrical c r .33, Pressure ducer according to one of the
precedi ng cl aﬁﬁrésab(s:'%ﬁﬂéy:\é gﬁi@élga{qﬁqt@?)ogw(%&i ng plate (56) is arranged
between the central body (52) and the inlet end body (53). 34. Pressure
reducer according to one of the preceding clainms, characterized in that a

posi ti on Sknsdrrepsure eduger asrpsding ip oo ahihe pyeassing akaingst o t he | ocki ng

plate (56). ucer according to one of the preceding clainmns,
characteri zed%ﬁr¥ﬁgﬁfﬁ® t(rgll(ralf]vi ng toothed wheel (59) is fastened with the

turning sl eeve lotkingauiatied56) iswrramgdd betwalenrtbie ahtranbédy &2)Rindans shigred
connection (60 i ggdy@%sssure reducer according to one of the preceding

cl ains,

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).



characterized in that the electric drive (58) at |east conprises one
electric notor (61, 62). 37. Pressure reducer according to one of the
precedi ngvoloanmma3z9 characterized in that the driving toot REWERIEHHST 59) i s
constructed as a worm gear (63) bel ng gggaged with a worm shaft (64)

driven by the electric notor Pressure reducer according to
one of th¥-pr ETEBPHE r@ﬂavwccogﬁagé‘épee.%as Preaeliing ¢lainswor m shaft (64) is

nmovabl 'y connegh ctric motor (61, 62) on each of its end
sections (65, 6%&6%V®%§$O®Eﬁ39 PCT/ EPO2/ 10487 22 39. Pressure reducer

according to dimeeol sectopoétedshvaft (052668%is cartsttuataceas daving maxid@7) oheheend
section of thels(gaf @65 6%? is constructed as driving axle (67) of the

el ectric not of'§B1C MEI9r essure reducer according to' one of the
preceding clains, characterized in that the end sections of the shaft (65,
66) are nounted adj acent the electric nmotors (61, 62). 41. Pressure
reducer d@cor dragsure reduceifaccoedipg ée edend the precedingtiainast eri zed in t hat

the flow arou%gggch%r%alggbgfct 'y or an outer sleeve (68) arranged thereon

conprises at extension (70, 71, 72) extending to the inner
wal | (69) of trﬁ@@nals@w@ﬁ@aﬂmbs(r@)rt(66266P51%Sﬁ1@0ﬁterde&iij§@éntaﬁé%ré&ﬁtgmbfbre“e

of the precedi n1g< claims, characterized in that el ectrical wres, supply
lines or the K6%kebAre passed t hrough the extension (70,

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



71, 72) into the flow around body (5). 43. Pressure reducer according to
one of the preceding clains, characterized in that the radi al extension
(70, 71, wO)sjzs4pwoi nted at least at its end (73) facing tRET/EPOY/em8T2). 44.
Pressure reducer according to one of tB¥ preceding clains, characterized
in that the housing (4) is formed of two parts and the parts of the housing
(74, 75) ar e Oulwplly gpan Hapsysrsg b&r%ﬁﬁ’)@d?mq'i@g@wéytaarlaﬁgp%w&nﬂw riyrto

ci rcunf erenc : ducer according to' one of the preceding
cl ai s, cha?gect‘i‘@ralﬂzﬁg%ﬁlmﬁq?%@ the electric notors (61, 62) and the worm

shaft (64) are arranged in an WO 03/025439 PCT/ EP02/ 10487 23 outwardly
open trapsverse bore (,77) extending substanti all rpendicularly to the
otat i nhbp FIRSSEROUY SasEdtnnd oPgan e pitesingd FBTTS one of 1 he
precedi ng cl gi® gfized in that a radial extension (71, 72) is
associ at ed vm'%lth aécggﬁf%#ﬁfthe open ends (78, 79) of the transverse bore

(77). a radial extension (71, 72) is associated with each of the open ends (78, 79) of

the transverse bore (77).



