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Description

BACKGROUND

FIELD

[0001] The present invention generally relates to ap-
paratus that control fluid flow. Particularly, the present
invention relates to an improved component of a fluid
flow control valve a according to claim 1 and to a method
of manufacturing the component according to claim 15.

DISCUSSION OF PRIOR ART

[0002] US 2007/0240774 A1 discloses a fluid pressure
reduction device including a hollow cylinder having an
inner surface and an outer surface and a plurality of pas-
sageways extending between the inner and outer sur-
faces.
[0003] US 2005/199298 A1 discloses a fluid pressure
reduction device which includes a hollow cylinder having
an inner surface and an outer surface and a plurality of
passageways extending between the inner and outer sur-
faces.
[0004] US 2009/183790 A1 discloses a control valve
which comprises a valve body having an inlet, an outlet,
and a flow passage extending between the inlet and the
outlet.
[0005] It is known that some fluid flow applications
have valve assemblies to control fluid flow through the
valve assemblies so as to minimize noise, vibration and
cavitation. One such known valve assembly includes a
tubular cage that fluid flows through. The cage has mul-
tiple flow channels through which the fluid flows and that
are designed to control the velocity and pressure of the
fluid through the cage and valve assembly.
[0006] The cage of the valve assembly is typically
made from a series of stacked and relatively thin (about
an average 0.125 inch (3.175mm) thickness) cylindrical
plates. The cage has numerous inlets and outlets formed
along concentric circular peripheral surfaces of the
plates. Flow channels are formed in the plates between
the inlets and outlets by machining or cutting so flow is
directed in the radial and circumferential directions within
a given plate. The plates are stacked in a specific relative
orientation and typically attached together by brazing.
[0007] Trying to manufacture a high quality known
cage stack of plates in a reasonable lead time for a rea-
sonable cost has been a challenge. There are inherent
problems and disadvantages with manufacturing the
known cage having a stack of plates.
[0008] For example, machining or stamping the plates
can introduce unwanted debris that may attach to a plate
or create edge surfaces that require deburring. Proper
repeated stacking and aligning the separate plates can
be difficult. It can also be a challenge to then hold the
stacked and aligned plates during the brazing operation
in order to achieve a good quality braze every time. One

such alignment scheme is to provide extra material lobes
with alignment holes which are machined off after brazing
and, therefore, add manufacturing lead time and cost.
This machining can also introduce unwanted contami-
nants the can enter flow channels, so care must be taken
to block the flow channels or remove the contaminants.
[0009] Brazing itself also may present problems. Braze
may be applied to the plates in various ways. To achieve
an even and relatively thin layer of molten braze between
adjacent plates, the plates must be flat. Any waviness of
the plates will create areas where the braze will have
difficulty flowing in an even and relatively thin manner to
properly adhere adjacent plates together and, thereby,
cause a lack of structural integrity. Plates can be ground
flat but so doing increases manufacturing lead time, cost
and the possible introduction of unwanted contaminants.
[0010] The known stacked plate-type cage manufac-
turing process generally requires that the cylindrical in-
side surface of the stack of brazed plates be machined
to achieve the precision diameter and finish required to
fit other components of the valve assembly. Machining
the inside surface of the known cages can generate un-
wanted contaminants that can find their way into flow
channels. It is very difficult to remove the contaminants
and time consuming and costly to take measures to try
to prevent ingress of the contaminants.
[0011] Thus, a need exist for an improved cage struc-
ture that does not suffer from the disadvantages and
drawbacks of known plate-type of cages and the manu-
facturing processes used to produce them.

BRIEF DESCRIPTION

[0012] The present invention is defined in the accom-
panying claims.
[0013] The following summary presents a simplified
summary in order to provide a basic understanding of
some aspects of the arrangements and/or methods dis-
cussed herein. This summary is not an extensive over-
view of the arrangements and/or methods discussed
herein. It is not intended to identify key/critical elements
or to delineate the scope of such arrangements and/or
methods. Its sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed
description that is presented later. This summary is not
intended to be used to limit the scope of the claimed
subject matter.
[0014] A valve component cage for controlling fluid
flow, according to one aspect, comprises a body having
a first surface and a second surface. At least one tortuous
flow channel extends between the first surface and the
second surface. The flow channel is at least partially de-
fined by a floor portion and a ceiling portion. The body is
formed as one-piece by additive manufacturing to con-
currently define the flow channel as a void space. At least
one of the floor portion and ceiling portion is disposed at
an acute angle relative to a plane containing a layer of
material forming the body.
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[0015] A trim cage for controlling fluid flow, according
to another aspect, comprises a unitary body having a
substantially tubular configuration with a longitudinal
central axis. The body has an inner surface and an outer
surface. At least one tortuous flow channel extends
through the body from the inner surface to the outer sur-
face for fluid flow therethrough. The tortuous flow channel
includes at least two sections. Each section of the flow
channel is offset relative to an adjacent section. Each
section of the flow channel has an axial floor portion and
axial ceiling portion. Each of the axial floor portions and
axial ceiling portions are disposed at an acute angle rel-
ative to a plane extending normal to the longitudinal cen-
tral axis of the body.
[0016] A method of manufacturing a unitary trim cage,
according to yet another aspect, comprises the steps of
providing material to define a closed body base with an
inner opening surface and an outer surface. Material is
added to the body base along a lay down direction and
in such a manner to maintain the inner opening surface
and define at least one tortuous flow channel extending
between the inner opening surface and the outer surface.
The tortuous flow channel includes of a plurality of sec-
tions. Each section of the flow channel is offset relative
to an adjacent section. The surfaces defining the flow
channel are accomplished without internal support. At
least a portion of each section extends at an acute angle
relative to direction of additive lay down. Material is added
to define a closed body cap in such a manner to maintain
the inner surface and the outer surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following description and drawings set forth
certain illustrative embodiments, aspects and implemen-
tations. These are indicative of but a few of the various
ways in which one or more aspects may be employed.
Further features of the invention will become apparent
to those skilled in the art to which the invention relates
from reading the following description with reference to
the accompanying drawings, in which:

Fig. 1 is an overall perspective view of a trim cage,
constructed according to one aspect;

Fig. 2 is a perspective view of the trim cage, similar
to Fig. 1, partly in phantom to show some flow chan-
nels dispersed throughout the trim cage;

Fig. 3 is a top view of the trim cage, illustrated in Fig.
2, showing the flow channels;

Fig. 4 is an enlarged perspective view of one of the
flow channels in the trim cage illustrated in Figs. 1-3;

Fig. 5 is a perspective view partly in section of the
tortuous flow path in the flow channel illustrated in
Fig. 4;

Fig. 6 is an enlarged view of the cross-sectional
shape of the flow channel according to one aspect;

Fig. 7 is an enlarged view of the cross-sectional
shape of the flow channel according to another as-
pect;

Fig. 8 is an enlarged view of the cross-sectional
shape of the flow channel according to yet another
aspect;

Fig. 9 is an enlarged perspective view of an alterna-
tive flow channel shape according to another aspect;

Fig. 10 is an enlarged perspective view of an alter-
native flow channel shape according to another as-
pect;

Fig. 11 is an enlarged perspective view of an alter-
native flow channel shape according to another as-
pect; and

Fig. 12 is an enlarged perspective view of an alter-
native flow channel shape and manufacturing proc-
ess according to yet another aspect.

DETAILED DESCRIPTION

[0018] The claimed subject matter is described with
reference to the drawings, in which like reference numer-
als are used to refer to like elements throughout the de-
scription. In the following detailed description, for purpos-
es of explanation, numerous specific details are set forth
in order to provide an understanding of the claimed sub-
ject matter. It will be understood, however, that the
claimed subject matter can be practiced without these
specific details.
[0019] An improved control valve component, such as
a trim cage and method of manufacturing the trim cage
are disclosed that do not suffer from the disadvantages
and drawbacks of previously known stacked plate-type
cages and their associated manufacturing processes.
The improved trim cage has a plurality of flow channels
with a specific configuration that allows the control valve
to be "printed" by a direct metal laser melting process to
define the flow channels as void spaces without the need
for internal support. Direct metal laser melting is an ad-
ditive manufacturing technique that uses a laser as the
power source to sinter powdered material (typically met-
al), aiming the laser automatically at points in space de-
fined by a 3D model, binding the material together to
create a solid structure. The improved trim cage is used
in a control valve assembly (not shown). In addition to
the improved trim cage, the control valve assembly in-
cludes a valve body, a cage retainer and a valve plug.
The valve body has an inlet, an outlet, and a conduit
extending between the inlet and the outlet. The trim cage
is a generally cylindrical member that has a plurality of
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flow channels and is disposed within the conduit. The
cage retainer holds the cage in the valve body within the
conduit of the valve body. The valve plug closely fits with-
in the trim cage and is movable relative to the trim cage.
The valve plug is adapted to be coupled to an actuator.
The actuator controls reciprocal displacement of the
valve plug between a closed position and an open posi-
tion. Upon movement of the valve plug towards the open
position, fluid is free to flow through the plurality of flow
channels in the trim cage.
[0020] An improved trim cage 20, according to one as-
pect for use in the control valve assembly, is illustrated
in Fig. 1. The trim cage 20 has a body 21 with a substan-
tially tubular shape with a longitudinal central axis A. The
body 21 is formed as a unitary or one-piece component
which provides advantages over previously known
stacked plate-type cages. The trim cage 20 includes a
base 22 defining the lower end of the body 21, as viewed
in Fig. 1. The trim cage 20 also includes a cap 24 at the
upper end. The body 21 of the trim cage 20 has a cylin-
drical inner surface 26 disposed about the longitudinal
axis A and extends between the base 22 and cap 24.
The body 21 of the trim cage 20 also has a cylindrical
outer surface 28 that is coaxial with the inner surface 26
and extends between the base 22 and cap 24.
[0021] As best seen in Figs. 2-5, the trim cage 20 has
a plurality of tortuous flow channels 40 extending through
the body 21 and between the inner surface 26 and the
outer surface 28. The flow channels 40 are formed in a
columnar and circumferential array as void spaces as
the body 21 is being manufactured. The body 21 is inte-
grally formed as one-piece by successive layer material
additive manufacturing, or simply additive manufactur-
ing, that defines the flow channels as void spaces within
the body during manufacture. The flow channels 40 are
formed during the manufacture of the body 21 without
the need of support material to define the flow channel.
[0022] While sixteen columns and eleven circumferen-
tially arranged rows of flow channels 40 are illustrated in
the trim cage 20, it will be apparent that any suitable
number of columns and circumferentially arranged rows
of flow channels may be utilized. For example, it is con-
templated that the number of flow channels 40 formed in
the trim cage 20 could be in the range of between one
hundred to several thousand or more depending on the
size of the trim cage, size of the valve assembly that the
trim cage is used in and the volume of fluid that will flow
through the trim cage and valve assembly. Also, there
are certain trim cages that contain a relatively small
number of plates for a short distance of the valve travel
and even other styles of valve trim. These trim cages
could very few flow channels (e.g., as few as 2 flow chan-
nels).
[0023] Each of the flow channels 40 has an inlet 42
(Figs. 2-5) at the inside of the trim cage 20 at the inner
surface 26. Each of the flow channels 40 also has an
outlet 44 at the outside of the trim cage 20 at the outer
surface 28. The direction of fluid flow F (see Fig. 5) in the

flow channels 40 is generally in a radially outward direc-
tion from the inner surface 26 through inlet 42 to the outer
surface 28 through the outlet 44 (see Fig. 3). Each flow
channel 40 (see Fig. 5) forms a labyrinth structure that
causes fluid to flow in a tortuous path. In the illustrated
example, the flow path F essentially varies or changes
direction that is substantially parallel to the longitudinal
central axis A of the trim cage 20 at least for a portion of
the flow channel 40. The flow channel 40 may be formed,
if desired, so that it directs flow in a direction substantially
parallel to the longitudinal central axis A for a distance
that is greater than previously possible with the stacked
plate-type cages. That is, since the plate was typically
only about 0.125 inch (3.175mm) in thickness the flow
path F can be designed so that flow is directed for an
axial distance that is greater than what could be done
with stacked plate-type cages. It will be apparent that the
flow channel 40 can be formed so that the flow path can
be customized to flow in any desired direction. For ex-
ample, the flow channel 40 may be designed to flow in a
partially circumferential direction, either in a substantially
arcuate or linear flow direction, for at least a portion of
the flow path. It will also be apparent that the flow path
could be a combination of axial and circumferential flow.
[0024] The size and configuration of each of the flow
channels 40 may be depend on the fluid flowing there-
through. For example, if an incompressible fluid, such as
a liquid, is flowing through the trim cage 20, the cross-
sectional area of the flow channels 40 will be substantially
constant as it extends from the inlet 42 to the outlet 44.
By way of example for incompressible liquid flow, the
cross-sectional area of the flow channel 40 is illustrated
in Fig. 6, according to one aspect, and will be substantially
the same for the entire length of the flow channel 40. The
height H of an inlet 42 of the flow channel 40 can be about
0.125 inch (3.175mm) and the width W can be about
0.125 inch (3.175mm). The height H of an outlet 44 of
the flow channel 40 having a gas flow therethrough can
be about 0.125 inch (3.175mm) and the width W can be
about 0.125 inch (3.175mm). Any suitable dimensions
for the height H and width W can be used. It will also be
apparent that a flow channel 40 with a single inlet 42 and
a single outlet 44 could be used as opposed to the bifur-
cated flow channel with a pair of outlets, as illustrated in
Figs. 4 and 5.
[0025] For example, if a compressible fluid, such as a
gas, flows through the trim cage 20, the cross-sectional
area of the flow channels 40 may increase in the direction
of flow from the inlet 42 to the outlet 44. For example,
the cross-sectional flow area of the flow channels 40 may
increase in size by a factor of two or more. By way of
example for gas flow, the cross-sectional area of the flow
channel 40 is illustrated in Fig. 6. The height H of the flow
channel 40 of an inlet 42 can be about 0.125 inch
(3.175mm) and the width W can be about 0.125 inch
(3.175mm). The height H of each outlet 44 of the flow
channel 40 having a gas flow therethrough can be about
0.25 inch (3.175mm) and the width W can be about 0.25
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inch (3.175mm). It is to be appreciated that any suitable
dimension can be used.
[0026] As illustrated in Figs. 2-4, each of the flow chan-
nels 40 for use with gaseous flow applications has an
inlet or primary flow channel portion 46 and a bifurcated
or pair of secondary flow channel portions 48 extending
from the primary flow channel portion 46 of the flow chan-
nel. Each of the secondary flow channel portions 48 is
connected to the primary flow channel portion 46 by re-
spective substantially circumferentially extending con-
necting portion 60. In this aspect, the overall cross-sec-
tional flow area at the outlets 44 of the flow channel 40
can be four or more times the cross-sectional flow area
at the inlet 42 by the width W increasing while the height
H remains relatively constant. The connecting portions
60 are arranged to direct fluid flow in an orthogonal di-
rection relative to the radial extent from the primary flow
channel portion 46.
[0027] Each flow channel 40 also includes a plurality
of sections 80a-80j (Figs. 4-5). The exact number of sec-
tions 80a-80j in a given flow channel 40 will depend on
numerous variables, such as the size of the trim cage
20, the fluid that will flow therethrough, the cross-section-
al flow area of the flow channel and the length of the flow
channel. It is worth noting that the primary driver for the
number of sections is actually the pressure drop across
the stack. The number of sections 80a - 80j that are il-
lustrated in Fig. 4 are by way of example. Sections 80a
- 80e comprise the inlet or primary flow channel portion
46. Sections 80a - 80j comprise each of the outlet or
secondary flow channel portions 48.
[0028] The sections 80a-80j are alternating offset in
the axial direction along the axis A relative to one another.
For example, section 80b is located a predetermined dis-
tance above section 80a and the section 80c is then lo-
cated a predetermined distance below section 80b, as
illustrated in Figs. 4 and 5. The center of the sections 80a
and 80c can be located along a first line extending radially
from the longitudinal central axis A. The center of the
sections 80b and 80d can be located along a line extend-
ing radially from the longitudinal central axis A. The first
radially extending line can be spaced from the second
radially extending line in a direction substantially parallel
to the longitudinal central axis A. This alternating pattern
repeats itself for the entire length of the flow channel 40
and forms the labyrinth structure to create the tortuous
flow path F of the flow channel 40 as illustrated in Fig. 5.
It will also be apparent that the sections 80a - 80j could
be offset in a circumferential alternating and repeating
direction relative to one another.
[0029] As illustrated in Fig. 6, the cross sectional shape
of the flow channel 40 is in the general form or shape of
a chevron 82. That is the chevron 82 shape has a V-
shaped roof or ceiling portion 84 and a V-shaped floor
portion 86. Each leg of the ceiling portion 84 and floor
portion 86 are actually planar surfaces extending in the
direction of fluid flow F for a predetermined distance. The
ceiling portion 84 and the floor portion 86 are joined to-

gether by substantially parallel extending planar surfaces
88. The surfaces 88 extend generally in the direction of
the longitudinal central axis A of the trim cage 20. The
legs of the ceiling portion 84 and floor portion and axial
ceiling portion 86 of the flow channel 40 are a pair of
planar surfaces that intersect at an acute angle relative
to one another. Each of the surfaces of the legs of the
ceiling portion 84 and floor portion 86 are also disposed
at an angle relative to a plane extending normal to the
longitudinal central axis A of the body 21. The angles that
the legs of the ceiling portion 84 and the legs floor portion
86 are disposed do not necessarily have to be the same
angle. It is the angled surfaces of the legs of the ceiling
portions 84 and the legs floor portions 86 that enable use
of the direct metal laser melting manufacturing process
without having to support the angled surfaces during
manufacture.
[0030] The tortuous flow path F of the flow channel 40
of the trim cage 20, according to any aspect disclosed
herein, subjects the fluid to inertial losses as it is redi-
rected through each turn in the flow path. The tortuous
flow geometry of the of the flow channel 40 of the trim
cage 20, according to any aspect disclosed herein, cre-
ates a series of kinetic energy losses. This control of en-
ergy is highly effective for noise attenuation due to the
staged control of the fluid velocity. This control is accom-
plished by directing the fluid through the flow channels
40 that are designed with multiple sections consisting of
substantial flow path redirections and expansions.
[0031] Each of the flow channels 40 of the trim cage
20, according to any aspect, that is designed with an
expansion in flow area for gaseous applications, is es-
sential for managing velocity that would otherwise in-
crease as the pressure is reduced across each section.
The expanding area is designed to compensate for the
volumetric expansion of the gas, limiting fluid velocity as
the pressure is reduced. Velocity control of the flowing
fluid is one of several important factors for maintaining
relatively low aerodynamic noise levels within the valve
assembly and trim cage 20.
[0032] A modified chevron cross-sectional shape of
the flow channel 40 is illustrated in Fig. 7. The modified
chevron 102 has a ceiling portion 104 and a floor portion
106. The ceiling portion 104 and the floor portion 106 are
joined together by a pair of substantially parallel extend-
ing surfaces 108. The parallel extending surfaces 108
extend generally in the direction of the longitudinal central
axis A of the trim cage 20. The ceiling portion 104 includes
a plurality of relatively short linear sections 110 forming
the lower part of each of the legs of the ceiling portion
104. Any suitable number of relatively short sections 110
may be used. This type of relatively gentler corner tran-
sition configuration for the flow channel 40 may be de-
sirable in certain circumstances, for example to smooth
flow, reduce turbulence and/or reduced stress concen-
trations. While the floor portion 106 is illustrated as having
a pair of legs that are linear, it will be apparent that each
of the legs of the floor portion could be shaped with rel-
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atively short linear sections as in the ceiling portion 104.
It will also be apparent that the relatively short linear sec-
tions 110 could be utilized at the apex of the ceiling portion
104 and a floor portion 106. Each of the relatively short
linear sections 110 are disposed at an acute angle, pref-
erably at least 45°, relative to a plane extending normal
to the longitudinal central axis A of the trim cage 20.
[0033] Another modification of the cross-sectional area
of the flow channel 40 is illustrated in Fig. 8. The modified
cross-section chevron 120 has a roof or ceiling portion
124 and a floor portion 126. The roof or ceiling portion
124 and the floor portion 126 are joined together by sub-
stantially parallel extending surfaces or walls 128. The
parallel extending surfaces 128 extend generally in the
direction of the longitudinal central axis A of the trim cage
20. The roof or ceiling portion 124 includes a pair of rel-
atively short arcuate sections 130a and 130b forming the
lower part of each of the legs of the roof or ceiling portion
124. It will be apparent that any suitable number of rela-
tively short arcuate sections 130a and130b may be used.
This type of configuration for the flow channel 40 may be
desirable in certain circumstances, for example to
smooth flow and/or reduce turbulence. As illustrated in
Fig. 8, the roof or ceiling portion 124 includes two arcuate
portions 130a, 130b of different radii. Arcuate portion
130a is defined by a radius that is less than the radius of
the arcuate portion 130b. The arcuate portions130a,
130b are located at the uppermost portion of the surface
or wall 128 where it starts to form the roof or ceiling portion
124. While the floor portion 126 is illustrated as each of
its legs having at least one relatively short arcuate section
130c. It will be apparent that any suitable number of rel-
atively short arcuate sections 130c may be used in each
leg of the floor portion 126. It will also be apparent that
relatively short linear sections 130a-130c could be uti-
lized at the apex of the roof or ceiling portion 124 or floor
portion 126. Each of the relatively short arcuate sections
130a-130c are disposed so that a tangent line taken at
any location along the arcuate section extends at an
acute angle, preferably at least 45°, relative to a plane
extending normal to the longitudinal central axis A of the
trim cage 20.
[0034] It is contemplated that the flow channel 40 may
have numerous shapes and sizes in addition to the chev-
ron-based cross-sections illustrated in Figs. 6-8. For ex-
ample, as illustrated in Figs. 9-12, various cross-section
configurations are demonstrated for nonlimiting example
purposes.
[0035] In Fig. 9, the flow channel 40 has a diamond
shaped cross-sectional flow area. The flow channel 40,
according to this aspect, includes sections 140a-140c
shown for exemplary purposes as aligned in the direction
of flow. It will be apparent that the sections 140a-140c
may be of different sizes and offset relative to one another
either in the direction of the longitudinal central axis A of
the trim cage 20 and/or in a direction transverse to the
longitudinal central axis or a combination. In any event,
the flow channel 40 has a V-shaped ceiling portion 144

and a V-shaped floor portion 146. Each leg of the ceiling
and floor portions 144, 146 is a substantially planar sur-
face. The planar surfaces are disposed at an acute angle
relative to a plane extending normal to the longitudinal
central axis A. The angle is preferably at least 45°. The
height of the flow channel 40 taken in a direction parallel
to the longitudinal central axis A, in this aspect, maybe
substantially equal to the width taken in a direction normal
to the longitudinal central axis. It will also be apparent
that the height may be greater or lesser than the width
depending on design application needs.
[0036] In Fig. 10, the flow channel 40 has a rhomboidal
shaped cross-sectional flow area. The flow channel 40,
according to this aspect, includes sections 160a-160c
shown for exemplary purposes as aligned in the direction
of flow. It will be apparent that the sections 160a-160c
may be of different sizes and offset relative to one another
either in the direction of the longitudinal central axis A of
the trim cage 20 and/or in a direction transverse to the
longitudinal central axis or a combination. The flow chan-
nel has a roof or ceiling portion 164 and a floor portion
166. The ceiling and floor portions 164, 166 include sub-
stantially planar surfaces that extend parallel to each oth-
er. The planar surfaces of the ceiling and floor portions
164, 166 are disposed at an acute angle relative to a
plane extending normal to the longitudinal central axis
A. The angle is preferably at least 45°. The planar sur-
faces of the ceiling and floor portions 164, 166 are con-
nected by parallel extending planar surfaces 168. The
parallel extending planar surfaces 168 extend in a direc-
tion substantially parallel to the longitudinal central axis
A of the trim cage 20. The height of the flow channel 40
taken in a direction parallel to the longitudinal central axis
A, in this aspect, maybe substantially equal to the width
taken in a direction normal to the longitudinal central axis.
It will also be apparent that the height may be greater or
lesser than the width depending on design application
needs.
[0037] In Fig. 11, the flow channel 40 has an elongated
hexagonal shaped cross-sectional flow area. The flow
channel 40, according to this aspect, includes sections
180a-180c shown for exemplary purposes as aligned in
the direction of flow. It will be apparent that the sections
180a-180c may be of different sizes and offset relative
to one another either in the direction of the longitudinal
central axis A of the trim cage 20 and/or in a direction
transverse to the longitudinal central axis or a combina-
tion. The flow channel has a ceiling portion 184 and a
floor portion 186. Each of the ceiling and floor portions
184, 186 include a substantially planar surface. The pla-
nar surfaces of the ceiling and floor portions 184, 186 are
disposed at an acute angle relative to a plane extending
normal to the longitudinal central axis A. The angle is
preferably at least 45°. The planar surfaces of the ceiling
and floor portions 184, 186 are connected by parallel
extending planar surfaces 188. The parallel extending
planar surfaces 188 extend in a direction substantially
parallel to the longitudinal central axis A of the trim cage
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20. The height H2 of the flow channel 40 taken in a di-
rection parallel to the longitudinal central axis A, in this
aspect, is substantially larger than the width W2 taken in
a direction normal to the longitudinal central axis. It will
also be apparent that the height H2 may be greater or
lesser than the width W2 depending on design applica-
tion needs. The flow channel 40 may be formed, if de-
sired, so that the height H2 extends in a direction sub-
stantially parallel to the longitudinal central axis A for a
distance that is greater than the thickness of the previ-
ously known stacked plate-type cage that was typically
about 0.125 inch (3.175mm).
[0038] In Fig. 12, the flow channel 40 has a quadrilat-
eral trapezoid shaped cross-sectional flow area. The flow
channel 40, according to this aspect, includes sections
200a-200c shown for exemplary purposes as aligned in
the direction of flow. It will be apparent that the sections
200a-200c may be of different sizes and offset relative
to one another either in the direction of the longitudinal
central axis A of the trim cage 20 and/or in a direction
transverse to the longitudinal central axis or a combina-
tion. The flow channel has a ceiling portion 204 and a
floor portion 206. Each of the ceiling and floor portions
204, 206 include a substantially planar surface of differ-
ent widths that extend substantially parallel to each other.
The planar surfaces of the ceiling and floor portions 204,
206 are disposed substantially normal to the longitudinal
central axis A. The planar surfaces of the ceiling and floor
portions 204, 206 are connected by planar surfaces 208.
The planar surfaces 208 are disposed at an acute oppo-
site angles relative to a plane extending parallel to the
longitudinal central axis A. The angle is preferably at least
45°. The height of the flow channel 40 taken in a direction
parallel to the longitudinal central axis A, in this aspect,
is substantially less than the width. It will also be apparent
that the height may be greater or lesser than the width
depending on design application needs. As will be de-
scribed below, in this particular aspect, the direction that
the material is laid down with would be substantially in
the direction indicated by the arrow D2 and different than
the direction that the material is laid down in other as-
pects.
[0039] Thus, a unitary or one-piece trim cage 20 is pro-
vided for controlling fluid flow energy, according to sev-
eral aspects, that offers significant advantages such as
flexible design options, economy and ease of manufac-
turing relative to previously known stacked plate-type
cages.
[0040] The method of manufacturing the unitary trim
cage 20, according to yet another aspect, is important to
producing the trim cage, economical and very flexible in
its ability to quickly incorporate design changes into fin-
ished product. The unitary trim cage 20 is made as a one-
piece component by a direct metal laser melting (DMLM)
that concurrently defines the flow channels 40 without
the need for any internal support. The method includes
providing powdered metal material to define the body 21
and flow channels 40 of the trim cage 20. The body 21

is preferably in the form of a cylindrical tube with a lon-
gitudinal central axis A. The body 21 includes the base
22 (Fig. 1-2) that is essentially a flat plate with a centrally
located opening. The body 21 also includes the cap 24
and located at an opposite end from the base 22. The
cap 24 is also essentially a flat plate with a centrally lo-
cated opening. The body 21 has a cylindrical inner open-
ing defined by the inner surface 26 extending along the
entire axially extending for the length of the body 21 and
between the base 22 and cap 24. The body 21 also has
the cylindrical outer surface 28 disposed coaxially about
the axis A and the inner surface 26 and extending be-
tween the base 22 and cap 24.
[0041] The trim cage 20 is preferably manufactured by
a suitable material additive manufacturing process. One
such process is direct metal laser melting. In such a meth-
od, material is first laid down in the form of a powdered
substance in a series of layers, collectively illustrated as
240 in Fig. 6, such as a suitable metal for the application.
A laser then melts each layer of the laid down powder on
a previous laid down layer that melted and solidified.
[0042] Flow channels 40 extend between the inner sur-
face 26 (i.e., the inner opening) and outer surface 28.
The body 21 is integrally formed as one-piece by suc-
cessive layer material additive manufacturing (additive
manufacturing) to define solid portions of the body and
the flow channel 40 as a void space. The flow channel
40, according to one aspect illustrated in Fig. 6, has a V-
shaped ceiling portion 84 and a V-shaped floor portion
86 spaced from the ceiling portion. The ceiling portion 84
is connected to the floor portion 86 by a pair of substan-
tially extending planar surface portions 88. Each of the
legs of the ceiling portion 84 and the floor portion 86 is
disposed at an angle relative to a plane containing one
of the layers 240 (Fig. 6) of material defining the body 21.
[0043] Material is added to the body base 22 along a
lay down direction D1 (Fig. 6) in successive layers 240.
The material is added in such a manner to maintain the
surface of the inner opening defined by the inner surface
26 and define at least one tortuous flow channel extend-
ing between the inner opening surface and the outer sur-
face. The surfaces defining the opening 26 of the trim
cage 20 can be manufactured with relatively good preci-
sion and accuracy so that it may not require finish ma-
chining to precisely fit over the valve plug.
[0044] The flow channels 40 are essentially void spac-
es formed within the unitary body 21 and require no sup-
port during manufacture in order to define the flow chan-
nels. The tortuous flow channel 40 is comprised of a plu-
rality of sections. Each section of the flow channel is offset
relative to an adjacent section in the lay down direction
D1. At least a portion of each section extends at an angle
relative to direction of additive lay down of at least 45°.
The numerous layers are laid down until the desired
length of the body 21 and number of flow channels 40
are provided. Material is then added to define the body
cap 24 in such a manner to maintain the inner surface
and the outer surface to complete the body 21 of the trim
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cage 20.
[0045] The lay down of each layer 240 is illustrated in
Fig. 6 as forming the ceiling portions 84. The same con-
cept for forming the ceiling portion 84 is used in forming
the floor portions 86 and will suffice to describe both.
Each successive layer overlaps the previous layer by a
predetermined relatively small dimension, such as less
than half of the diameter of the powdered particle used,
to define the angled planar surface of the leg of the ceiling
portion 84 by forming a series of relatively small "steps".
Each layer can be laid down with a thickness in the range
of about 20 to 200 microns (0.0008 to 0.008 inch) de-
pending on the material, size of powder and laser energy
applied. Of course, it is to be appreciated that different
thicknesses, and specifically thinner, finer layers may be
employed.
[0046] This lay down of successive layers 240 also al-
lows the definition of subsequent overlapping surfaces
to define curved or linear surfaces, such as those shown
in Figs. 7 and 8, that are disposed at an angle to the
longitudinal central axis A. The direction of material lay
down is preferably parallel to the longitudinal central axis
A. At least a portion of each section extends at a suitable
acute angle relative to direction of additive lay down and
preferably at least 45°. Thus, no internal support is need-
ed to define the void spaces of the flow channels 40.
[0047] The material that the trim cage 20 is made from
is selected from the group of metal powders comprising:
stainless steel based powders; nickel & cobalt based
powders; iron based powders; titanium based powders;
aluminum based powders; and combinations thereof. It
will be apparent that any suitable material may be em-
ployed according to this aspect.
[0048] A one-piece unitary body 21 is, therefore, pro-
vided with flow channels 40 formed by the body 21 man-
ufacturing process. The flow channels 40 are formed
without the need for support of surfaces not extending in
the direction of material lay down. The inner surface 26
of the trim cage 20 is precision fit to the plug size by the
manufacturing process and requires minimal or no further
machining to provide the desired inside diameter dimen-
sion and surface finish.
[0049] An alternate aspect of the manufacturing proc-
ess is illustrated in Fig. 12. The direction of material lay
down D2 may be orthogonal relative to the longitudinal
central axis A, as illustrated in Fig. 12. Material can be
added to the body 21 along the lay down direction D2
(Fig. 12) that is not oriented along the axis of the body.
The material is added in such a manner to maintain the
inner surface 26 and define the tortuous flow channels
40 extending between the inner surface 26 and the outer
surface 28. The flow channels 40 are essentially void
spaces within the unitary body 21 and require no support
to define the flow channels. The flow channel 40 is formed
by material additive layer process in the lay down direc-
tion D2. Each surface 208 extends at an angle relative
to direction of additive lay down D2 of at least 45°. The
angled surfaces 208 are formed by the layer additive

process as described above for ceiling portions 84 and
floor portions 86 illustrated in Fig. 6. That is, the surfaces
208 are created by overlapping successive layers of ma-
terial to create a series of relatively small "steps."
[0050] The trim cage 20 offers numerous advantages
over heretofore known plate type of cages. For example,
little or no machining of the inner opening is required.
There is no need to be concerned about the flatness of
a plate or to machine flow channels in plates. There is
no need to stack plates or to align them. There is no
brazing required. Thus, the quality problems that ensue
from the difficult brazing process are avoided. The height
of a flow channel can be larger than width and more than
the thickness of plates that were used in previously
known cages. Also, such can provide for some addition-
al/different advantages. For example, a stack can have
a number of plates (e.g., one hundred plates) and the
natural tolerance of commercially available plate stock
would lead to design with many more plates than neces-
sary to ensure we have enough stack height. This fre-
quently results in having to machine off some material
(e.g., an inch) from top and bottom caps that are brazed
onto the stack. This present additive technique can help
remove this situation and such save time and money.
[0051] From the above description of at least one as-
pect of the invention, those skilled in the art will perceive
improvements, changes and modifications. Such im-
provements, changes and modifications within the skill
of the art are intended to be covered by the appended
claims.
[0052] Certain terminology is used herein for purposes
of reference only, and thus is not intended to be limiting.
For example, terms such as "upper", "lower", "above",
and "below" refer to directions in the drawings to which
reference is made. Terms such as "left", "right", "front",
"back", "rear", "bottom" and "side", describe the orienta-
tion of portions of the component within a consistent but
arbitrary frame of reference which is made clear by ref-
erence to the text and the associated drawings describing
the component under discussion. Such terminology may
include the words specifically mentioned above, deriva-
tives thereof, and words of similar import. Similarly, the
terms "first", "second" and other such numerical terms
referring to structures do not imply a sequence or order
unless clearly indicated by the context.

Claims

1. A valve component (20) for controlling fluid flow, the
valve component comprising:

a body (21) having a first surface (26) and a sec-
ond surface (28);
at least one tortuous flow channel (40) extending
between the first surface (26) and the second
surface (28), the at least one tortuous flow chan-
nel (40) having multiple sections consisting of
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flow path redirections and expansions, the flow
channel at least partially defined by a floor por-
tion (86) and a ceiling portion (84);
the body (21) being formed as one-piece by ad-
ditive manufacturing to concurrently define the
flow channel (40) as a void space; and
wherein at least one of the floor portion (86) and
ceiling portion (84) being disposed at an acute
angle relative to a plane containing a layer of
material forming the body characterized in that
the cross sectional shape of the flow channel
(40) is in the general form or shape of a chevron
(82).

2. The valve component (20) of claim 1, wherein the
acute angle for the at least one of the floor portion
(86) and ceiling portion (84) is at least 45°.

3. The valve component (20) of either of claim 1 or 2,
wherein a cross-sectional flow area of the flow chan-
nel (40) increases as the flow channel extends from
the first surface (26) to the second surface (28).

4. The valve component (20) of any preceding claim,
further including at least one planar surface extend-
ing between the floor portion (86) and the ceiling por-
tion (84).

5. The valve component (20) of any preceding claim,
further including a secondary flow channel (48) ex-
tending from the flow channel (46) to the second sur-
face (28).

6. The valve component (20) of any preceding claim,
wherein a height of the flow channel (40) is greater
than a width of the flow channel.

7. The valve component (20) of any preceding claim,
wherein at least one of the floor portion (86) and ceil-
ing portion (84) includes a planar surface.

8. The valve component (20) of any preceding claim,
further including a plurality of tortuous flow channels
(40) extending between the first surface (26) and
second surface (28) of the body (22).

9. The valve component (20) of any preceding claim,
wherein at least one of the floor portion (86) and ceil-
ing portion (84) of the flow channel (40) has a pair
of surfaces that intersect at an acute angle, each of
the pair of surfaces also being disposed at an acute
angle relative to the plane containing the layer of
material forming the body.

10. The valve component (20) of any preceding claim,
wherein the tortuous flow channel (40) comprises at
least two sections, each section of the flow channel
is offset relative to an adjacent section in a direction

orthogonal to the plane containing the layer of ma-
terial forming the body.

11. A trim cage (20) for controlling fluid flow, the trim
cage comprising:

a unitary body (21) having a substantially tubular
configuration with a longitudinal central axis, the
body having an inner surface (26) and an outer
surface (28);
at least one tortuous flow channel (40) extending
through the body from the inner surface (26) to
the outer surface (28) for fluid flow therethrough,
the tortuous flow channel including at least two
sections consisting of flow path redirections and
expansions, each section of the flow channel is
offset relative to an adjacent section, each sec-
tion of the flow channel has an axial floor portion
(86) and axial ceiling portion (84); and
the body (21) being formed as a one-piece by
additive manufacturing to concurrently define
the at least one tortuous flow channel (40) as a
void space;
wherein each of the axial floor portion and axial
ceiling portion are disposed at an acute angle
relative to a plane extending normal to the lon-
gitudinal central axis of the body wherein the
cross sectional shape of the flow channel (40)
is in the general form or shape of a chevron.

12. The trim cage (20) of claim 11 wherein a cross-sec-
tional flow area of the flow channel (40) increases in
the direction extending from the inner surface (26)
to the outer surface (28).

13. The trim cage (20) of either of claim 11 or 12, further
including at least one axially extending surface be-
tween the axial floor portion (86) and axial ceiling
portion (84).

14. The trim cage of any of claims 11 to 13, wherein at
least one of the axial floor portion (86) and axial ceil-
ing portion (84) of the flow channel (40) has a pair
of surfaces that intersect at an acute angle, each of
the pair of surfaces being disposed at an angle of at
least 45° relative to the plane extending normal to
the longitudinal central axis of the body.

15. A method of manufacturing a unitary trim cage (20),
the method comprising the steps of:

providing at least one layer of material to define
a body (21) base with an inner opening surface
(26) and an outer surface (28);
adding successive layers of material to the body
(21) base along a lay down direction and in such
a manner to maintain the inner opening surface
(26) and define at least one tortuous flow chan-
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nel (40) extending between the inner opening
surface (26) and the outer surface (28), the tor-
tuous flow channel including a plurality of sec-
tions consisting of flow path redirections and ex-
pansions;
the body (21) being formed as one-piece by ad-
ditive manufacturing to concurrently define the
at least one tortuous flow channel (40) as a void
space;
wherein each section of the flow channel is offset
relative to an adjacent section and the surfaces
defining the flow channel are accomplished
without internal support, and at least a portion
of each section extends at an acute angle rela-
tive to direction of additive lay down wherein the
cross sectional shape of the flow channel (40)
is in the general form or shape of a chevron; and
adding at least one layer of material to define a
body cap in such a manner to maintain the inner
opening surface and the outer surface.

16. The method of claim 15, wherein the body (21) is
formed by direct metal laser melting manufacturing
without having to support the angled surface during
manufacture.

Patentansprüche

1. Ventilkomponente (20) zum Steuern eines Fluid-
durchflusses, wobei die Ventilkomponente umfasst:

einen Körper (21), der eine erste Oberfläche
(26) und eine zweite Oberfläche (28) aufweist;
mindestens einen gewundenen Durchflusska-
nal (40), der sich zwischen der ersten Oberflä-
che (26) und der zweiten Oberfläche (28) er-
streckt, wobei der mindestens eine gewundene
Durchflusskanal (40) mehrere Bereiche auf-
weist, die aus Durchflusspfadumlenkungen und
-erweiterungen bestehen, wobei der Durch-
flusskanal mindestens teilweise durch einen Bo-
denabschnitt (86) und einen Deckenabschnitt
(84) definiert ist;
wobei der Körper (21) durch additive Fertigung
einstückig ausgebildet ist, um gleichzeitig den
Durchflusskanal (40) als einen Hohlraum zu de-
finieren; und
wobei mindestens einer von dem Bodenab-
schnitt (86) und Deckenabschnitt (84) in einem
spitzen Winkel relativ zu einer Ebene angeord-
net ist, die eine den Körper bildende Material-
schicht enthält, dadurch gekennzeichnet,
dass die Querschnittsgestalt des Durchflusska-
nals (40) die allgemeine Form oder Gestalt eines
Sparrens (82) hat.

2. Ventilkomponente (20) nach Anspruch 1, wobei der

spitze Winkel für den mindestens einen von dem Bo-
denabschnitt (86) und Deckenabschnitt (84) mindes-
tens 45° beträgt.

3. Ventilkomponente (20) nach Anspruch 1 oder 2, wo-
bei eine Querschnittsdurchflussfläche des Durch-
flusskanals (40) zunimmt, wenn sich der Durchfluss-
kanal von der ersten Oberfläche (26) zu der zweiten
Oberfläche (28) erstreckt.

4. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, die ferner mindestens eine ebene
Fläche einschließt, die sich zwischen dem Boden-
abschnitt (86) und dem Deckenabschnitt (84) er-
streckt.

5. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, die ferner einen sekundären Durch-
flusskanal (48) einschließt, der sich von dem Durch-
flusskanal (46) zu der zweiten Oberfläche (28) er-
streckt.

6. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, wobei eine Höhe des Durchflusska-
nals (40) größer als eine Breite des Durchflusskanals
ist.

7. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, wobei mindestens einer von dem
Bodenabschnitt (86) und Deckenabschnitt (84) eine
ebene Oberfläche einschließt.

8. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, die ferner eine Vielzahl von gewun-
denen Durchflusskanälen (40) einschließt, die sich
zwischen der ersten Oberfläche (26) und der zweiten
Oberfläche (28) des Körpers (22) erstrecken.

9. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, wobei mindestens einer von dem
Bodenabschnitt (86) und Deckenabschnitt (84) des
Durchflusskanals (40) ein Paar von Oberflächen auf-
weist, die sich in einem spitzen Winkel schneiden,
wobei jedes von dem Paar von Oberflächen auch in
einem spitzen Winkel relativ zu der Ebene angeord-
net ist, die die den Körper bildende Materialschicht
enthält.

10. Ventilkomponente (20) nach einem der vorstehen-
den Ansprüche, wobei der gewundene Durchfluss-
kanal (40) mindestens zwei Bereiche umfasst, wobei
jeder Bereich des Durchflusskanals relativ zu einem
angrenzenden Bereich in einer Richtung orthogonal
zu der Ebene versetzt ist, die die den Körper bildende
Materialschicht enthält.

11. Verkleidungskäfig (20) zum Steuern eines Fluid-
durchflusses, wobei der Verkleidungskäfig umfasst:
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einen einheitlichen Körper (21), der eine im We-
sentlichen röhrenförmigen Konfiguration mit ei-
ner Längsmittelachse aufweist, wobei der Kör-
per eine Innenoberfläche (26) und eine Außen-
oberfläche (28) aufweist;
mindestens einen gewundenen Durchflusska-
nal (40), der sich durch den Körper von der In-
nenoberfläche (26) zu der Außenoberfläche
(28) erstreckt, damit Fluid dort hindurch fließen
kann, wobei der gewundene Durchflusskanal
mindestens zwei Bereiche einschließt, die aus
Durchflusspfadumlenkungen und -erweiterun-
gen bestehen, wobei jeder Bereich des Durch-
flusskanals relativ zu einem angrenzenden Be-
reich versetzt ist, wobei jeder Bereich des
Durchflusskanals einen axialen Bodenabschnitt
(86) und axialen Deckenabschnitt (84) aufweist;
und
wobei der Körper (21) durch additive Fertigung
einstückig ausgebildet ist, um gleichzeitig den
mindestens einen gewundenen Durchflusska-
nal (40) als einen Hohlraum zu definieren;
wobei jeder von dem axialen Bodenabschnitt
und axialen Deckenabschnitt in einem spitzen
Winkel relativ zu einer Ebene angeordnet sind,
die sich senkrecht zur Längsmittelachse des
Körpers erstreckt, wobei die Querschnittsge-
stalt des Durchflusskanals (40) die allgemeine
Form oder Gestalt eines Sparrens hat.

12. Verkleidungskäfig (20) nach Anspruch 11, wobei ei-
ne Querschnittsdurchflussfläche des Durchflusska-
nals (40) in der Richtung zunimmt, die sich von der
Innenoberfläche (26) zu der Außenoberfläche (28)
erstreckt.

13. Verkleidungskäfig (20) nach entweder Anspruch 11
oder 12, der ferner mindestens eine sich axial er-
streckende Oberfläche zwischen dem axialen Bo-
denabschnitt (86) und axialen Deckenabschnitt (84)
einschließt.

14. Verkleidungskäfig nach einem der Ansprüche 11 bis
13, wobei mindestens einer von dem axialen Boden-
abschnitt (86) und axialen Deckenabschnitt (84) des
Durchflusskanals (40) ein Paar von Oberflächen auf-
weist, die sich in einem spitzen Winkel schneiden,
wobei jedes von dem Paar von Oberflächen in einem
Winkel von mindestens 45° relativ zu der Ebene an-
geordnet ist, die sich senkrecht zu der Längsmittel-
achse des Körpers erstreckt.

15. Verfahren zum Herstellen eines einheitlichen Ver-
kleidungskäfigs (20), wobei das Verfahren die
Schritte umfasst:

Bereitstellen mindestens einer Materialschicht,
um eine Basis eines Körpers (21) mit einer in-

neren Öffnungsoberfläche (26) und einer Au-
ßenoberfläche (28) zu definieren;
Hinzufügen aufeinanderfolgender Material-
schichten zu der Basis eines Körpers (21) ent-
lang einer Ablagerichtung und auf eine solche
Weise, dass die innere Öffnungsoberfläche (26)
beibehalten wird und mindestens ein gewunde-
ner Durchflusskanal (40) definiert wird, der sich
zwischen der inneren Öffnungsoberfläche (26)
und der Außenoberfläche (28) erstreckt, wobei
der gewundene Durchflusskanal eine Vielzahl
von Bereichen einschließt, die aus Durchfluss-
pfadumlenkungen und -erweiterungen beste-
hen;
wobei der Körper (21) durch additive Fertigung
einstückig ausgebildet ist, um gleichzeitig den
mindestens einen gewundenen Durchflusska-
nal (40) als einen Hohlraum zu definieren;
wobei jeder Bereich des Durchflusskanals rela-
tiv zu einem angrenzenden Bereich versetzt ist
und die Oberflächen, die den Durchflusskanal
definieren, ohne innere Abstützung erreicht wer-
den, und sich zumindest ein Abschnitt jedes Be-
reichs in einem spitzen Winkel relativ zur Rich-
tung der Additivablage erstreckt, wobei die
Querschnittsgestalt des Durchflusskanals (40)
die allgemeine Form oder Gestalt eines Spar-
rens hat; und
Hinzufügen mindestens einer Materialschicht,
um eine Körperkappe auf eine solche Weise zu
definieren, dass die innere Öffnungsoberfläche
und die Außenoberfläche beibehalten werden.

16. Verfahren nach Anspruch 15, wobei der Körper (21)
durch direkte Metalllaserschmelzherstellung gebil-
det wird, ohne die abgewinkelte Oberfläche während
der Herstellung abstützen zu müssen.

Revendications

1. Composant de soupape (20) pour commander
l’écoulement de fluide, le composant de soupape
comprenant :

un corps (21) doté d’une première surface (26)
et d’une deuxième surface (28) ;
au moins un canal d’écoulement tortueux (40)
s’étendant entre la première surface (26) et la
deuxième surface (28), l’au moins un canal
d’écoulement tortueux (40) présentant de mul-
tiples sections constituées de redirections et de
dilatations de trajet d’écoulement, le canal
d’écoulement étant au moins partiellement dé-
fini par une partie de plancher (86) et une partie
de plafond (84) ;
le corps (21) étant formé d’un seul tenant par
une fabrication additive afin de définir simulta-
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nément le canal d’écoulement (40) comme un
espace vide ; et
dans lequel au moins l’une de la partie de plan-
cher (86) et de la partie de plafond (84) est dis-
posée selon un angle aigu par rapport à un plan
contenant une couche de matériau formant le
corps, caractérisé en ce que la forme en coupe
transversale du canal d’écoulement (40) est gé-
néralement sous la forme d’un chevron (82).

2. Composant de soupape (20) selon la revendication
1, dans lequel l’angle aigu pour l’au moins une de la
partie de plancher (86) et de la partie de plafond (84)
est d’au moins 45°.

3. Composant de soupape (20) selon la revendication
1 ou 2, dans lequel une surface d’écoulement en
coupe transversale du canal d’écoulement (40) aug-
mente au fur et à mesure que le canal d’écoulement
s’étend de la première surface (26) à la deuxième
surface (28).

4. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, incluant en outre
au moins une surface plane s’étendant entre la partie
de plancher (86) et la partie de plafond (84).

5. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, incluant en outre
un canal d’écoulement secondaire (48) s’étendant
du canal d’écoulement (46) à la deuxième surface
(28).

6. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, dans lequel une
hauteur du canal d’écoulement (40) est supérieure
à une largeur du canal d’écoulement.

7. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, dans lequel au
moins l’une de la partie de plancher (86) et de la
partie de plafond (84) comprend une surface plane.

8. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, incluant en outre
une pluralité de canaux d’écoulement tortueux (40)
s’étendant entre la première surface (26) et la
deuxième surface (28) du corps (22).

9. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, dans lequel au
moins l’une de la partie de plancher (86) et de la
partie de plafond (84) du canal d’écoulement (40)
présente une paire de surfaces se croisant selon un
angle aigu, chacune de la paire de surfaces étant
également disposée selon un angle aigu par rapport
au plan contenant la couche de matériau formant le
corps.

10. Composant de soupape (20) selon l’une quelconque
des revendications précédentes, dans lequel le ca-
nal d’écoulement tortueux (40) comprend au moins
deux sections, chaque section du canal d’écoule-
ment étant décalée par rapport à une section adja-
cente dans une direction orthogonale au plan con-
tenant la couche de matériau formant le corps.

11. Cage de garniture (20) pour commander l’écoule-
ment de fluide, la cage de garniture comprenant :

un corps unitaire (21) présentant une configu-
ration sensiblement tubulaire avec un axe cen-
tral longitudinal, le corps présentant une surface
intérieure (26) et une surface extérieure (28) ;
au moins un canal d’écoulement tortueux (40)
s’étendant à travers le corps depuis la surface
intérieure (26) jusqu’à la surface extérieure (28)
pour l’écoulement de fluide à travers celui-ci, le
canal d’écoulement tortueux incluant au moins
deux sections constituées de redirections et de
dilatations du trajet d’écoulement, chaque sec-
tion du canal d’écoulement est décalée par rap-
port à une section adjacente, chaque section du
canal d’écoulement présentant une partie de
plancher axial (86) et une partie de plafond axia-
le (84) ; et
le corps (21) étant formé d’un seul tenant par
une fabrication additive pour définir simultané-
ment l’au moins un canal d’écoulement tortueux
(40) comme un espace vide ;
dans lequel chacune de la partie de plancher
axial et de la partie de plafond axiale est dispo-
sée selon un angle aigu par rapport à un plan
s’étendant normalement à l’axe central longitu-
dinal du corps, dans lequel la forme en coupe
transversale du canal d’écoulement (40) est
sous la forme générale d’un chevron.

12. Cage de garniture (20) selon la revendication 11,
dans laquelle une surface d’écoulement en coupe
transversale du canal d’écoulement (40) augmente
dans la direction s’étendant de la surface intérieure
(26) à la surface extérieure (28).

13. Cage de garniture (20) selon la revendication 11 ou
12, incluant en outre au moins une surface s’éten-
dant axialement entre la partie de plancher axial (86)
et la partie de plafond axiale (84).

14. Cage de garniture selon l’une quelconque des re-
vendications 11 à 13, dans laquelle au moins l’une
de la partie de plancher axial (86) et de la partie de
plafond axiale (84) du canal d’écoulement (40) pré-
sente une paire de surfaces se croisant selon un
angle aigu, chacune de la paire de surfaces étant
disposée selon un angle d’au moins 45° par rapport
au plan s’étendant normalement à l’axe central lon-
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gitudinal du corps.

15. Procédé de fabrication d’une cage de garniture uni-
taire (20), le procédé comprenant les étapes consis-
tant à :

fournir au moins une couche de matériau pour
définir une base de corps (21) avec une surface
d’ouverture intérieure (26) et une surface exté-
rieure (28) ;
ajouter des couches successives de matériau à
la base du corps (21) le long d’une direction de
pose et de manière à maintenir la surface inté-
rieure d’ouverture (26) et à définir au moins un
canal d’écoulement tortueux (40) s’étendant en-
tre la surface intérieure d’ouverture (26) et la
surface extérieure (28), le canal d’écoulement
tortueux incluant une pluralité de sections cons-
tituées de redirections et de dilatations du che-
min d’écoulement ;
le corps (21) étant formé d’un seul tenant par
une fabrication additive pour définir simultané-
ment l’au moins un canal d’écoulement tortueux
(40) comme un espace vide ;
dans lequel chaque section du canal d’écoule-
ment est décalée par rapport à une section ad-
jacente et les surfaces définissant le canal
d’écoulement sont accomplies sans support in-
terne, et au moins une partie de chaque section
s’étend selon un angle aigu par rapport à la di-
rection de la pose additive, dans lequel la forme
en coupe transversale du canal d’écoulement
(40) est sous la forme générale d’un chevron ; et
ajouter au moins une couche de matériau pour
définir un capuchon de corps de manière à main-
tenir la surface intérieure d’ouverture et la sur-
face extérieure.

16. Procédé selon la revendication 15, dans lequel le
corps (21) est formé par une fabrication par fusion
laser à métal direct sans avoir à supporter la surface
inclinée pendant la fabrication.
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