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(57) Abrégée/Abstract:
A fitting (120) for collecting or distributing high-pressure fluid via fluid transmission lines Is provided. The fitting (120) includes a
body (122), and a plurality of apertures (124) formed in the body (122) In a common plane, intersecting inside the body (122) such
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(57) Abrege(suite)/Abstract(continued):

that all of the apertures (124) are in mutual fluid communication. Each of the apertures (124) is configured to receive a threaded
coupling member of a respective high-pressure transmission line. The fitting (120) also Includes first and second compression
members (132) positioned on opposing sides of the body (122) and coupled thereto so as to exert a compressing bias to the body
(122) In an axis perpendicular to the common plane. The compression members (132) each comprise a raised contact surface
(135) corresponding to the region of the body (122) where the plurality of apertures (124) meet, and through which the
compressing bias Is exerted. The fitting (120) may be an elbow-fitting, a tee fitting, a cross-fitting, or some o ther configuration.
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(57) Abstract: A fitting (120) for collecting or distributing high-pressure fluid via fluid transmission lines is provided. The fitting
(120) includes a body (122), and a plurality of apertures (124) formed in the body (122) in a common plane, intersecting inside
& the body (122) such that all of the apertures (124) are in mutual fluid communication. Each of the apertures (124) is configured to
& receive a threaded coupling member of a respective high-pressure transmission line. The fitting (120) also includes first and second
e\ compression members (132) positioned on opposing sides of the body (122) and coupled thereto so as to exert a compressing bias
to the body (122) in an axis perpendicular to the common plane. The compression members (132) each comprise a raised contact
surface (135) corresponding to the region of the body (122) where the plurality of apertures (124) meet, and through which the
compressing bias is exerted. The fitting (120) may be an elbow-fitting, a tee fitting, a cross-fitting, or some o ther configuration.
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HIGH FATIGUE LIFE FITTINGS FOR HIGH-PRESSURE FLUID SYSTEMS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is directed, in general, to high-pressure fluid
systems, and in particular to high-pressure fittings for such systems, such as

elbows, tees, and crosses.

Description of the Related Art
High-pressure fluid systems are used in many industrial applications.

For example, a high-pressure pump may be used to provide a pressurized stream
of water for cleaning and surface preparation of a wide variety of objects, such as
machine parts and ship hulls. High-pressure fluid systems are also used to
provide a pressurized stream of water for waterjet and abrasive waterjet cutting.
Another use for such systems is in the operation of isostatic préssurization. In
such an application, other fluids or objects are subjected to extremely high isostatic
pressure for the purpose of sterilizing food products, forming mechanical parts,
hardening machine parts, etc. '

Applications of the kinds described above may employ fluid systems
operating at fluid pressures in a range of 30,000-100,000 psi. Given the immense
pressure in such systems, one of the greatest challenges is the transmission of
pressurized fluid from one or more fluid pumps to the tools or devices that employ
the high-pressure fluid.

Figure 1 is a horizontal cross section (see lines 1-1 of Figure 2) of a
typical high-pressure fitting, according to known art. Figure 2 shows the fitting 102
taken along lines 2-2 of Figure 1. The fitting 100 includes a body 102 with a
plurality of threaded apertures 112, to which high-pressure fluid transmission lines
106 are coupled via collars 103 and glands 104. Conical terminations 107 of the

fluid transmission lines 106 are biased against conical coupling seats 105 of the
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body 102 by the threaded glands 104, and thereby form a fluid seal. Weep holes
111 are configured to vent fluid from the apertures 112 to prevent pressurization of
the threaded coupling in the event that a seal between a termination 107 and seat
105 fails. It may be seen that X and Y fluid channels 108, 110 meet and cross in
the center of the body 102.

The cross-fitting of Figures 1 and 2 may be used to collect or
distribute fluid, or both, as required. For example, in a case where a single fiuid
pump is not capable of providing sufficient pressurized fluid for a given application,
a second, and even a third pump may be coupled to the cross-fitting 102 at
respective ones of the apertures 112, while the remaining aperture 112 1Is
employed to provide pressurized fluid to the selected application, such as an
isostatic press or waterjet cutting system. In another case, a single fluid pump
may be used to provide pressurized fluid to a plurality of tools, in which case the
pump is coupled to a first aperture 112, while each of the plurality of tools Is
coupled to a further one of the apertures 112.

While a cross-fitting has been described with reference to Figures 1
and 2, it will be understood that a T-fitting and an elbow-fitting each function in a
similar manner, with the exception that, in the case of a T-fitting, the fitting will
have a first fluid channel such as channel 108 pictured in Figure 2, that traverses
the fitting, and a second fluid channel such as the channel 110 of Figure 2, but
which only penetrates from an aperture far enough to join with the first fluid
channel, without traversing the body of the fitting. In the case of an elbow-fitting, of
course, first and second fluid channels each terminate at a central region of the
fitting, without traversing the fitting. The elbow-fitting, in particular, may have
channels intersecting at angles other than 90 degrees, while such variations of
angle are less common in tee and cross-fittings.

Due to the tremendous pressures transmitted through such fittings,
the fittings must be manufactured using extremely strong materials. Nevertheless,

fittings such as that described with reference to Figures 1 and 2 are commonly
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subject to failure. In fact, failures of such fittings are one of the most frequent
causes of down time and repair expense in high-pressure fluid systems.

When a high-pressure fluid fitting of the type described with
reference to Figures 1 and 2 is subjected to extreme fluid pressures, fluid within
the X channel 108 exerts internal separation forces on the body 102 of the fitting
100 along vectors that are parallel to a Y-Z plane, while fluid in the Y channel
exerts separation forces on the body 102 along vectors that are parallel to-an X-Z
plane. Thus, the fitting 102 is subject to separation forces on vectors that are
parallel to a Z axis in magnitudes that are twice as great as in any other direction.
Furthermore, because of the sharp corners in the X and Y channels 108, 110
where they intersect, separation forces are concentrated there, and crack initiation
is most common at these corners. Figure 2 shows cracks 116 forming at the point
where fluid channels 108, 110 intersect in the middle of the body 102.

Because of the comparatively greater Z axis separation forces,
cracks tend to propagate horizontally, i.e., substantially parallei to an X-Y plane, in
the body of the fitting. As a horizontal crack appears, the surface area within the
crack is subjected to further separation forces parallel to the Z axis, without
significant increase in forces in any other direction. Accordingly, once initiated, a

crack very quickly propagates, and may eventually destroy the fitting.

BRIEF SUMMARY OF THE INVENTION

According to an embodiment of the invention, a fitting for collecting or
distributing pressurized fluid via fluid transmission lines is provided. The fitting
includes a body, a plurality of apertures being formed in the body in a common
plane and intersecting inside the body, such that all of the apertures are in mutual
fluid communication. Each of the plurality of apertures is configured to receive a
threaded coupling member of a respective fluid transmission line. The fitting also
includes first and second compression members positioned on opposing sides of
the body and coupled thereto so as to exert a compressing bias to the body in an

axis perpendicular to the common plane. In some embodiments, the compression
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members each comprise a raised contact surface corresponding to the region of
the body where the plurality of apertures meet, and through which the compressing
bias is exerted. The fitting may be an elbow-fitting, a tee fitting, a cross-fitting, or
some other fitting configuration.

According to another embodiment of the invention, a fitting Is
provided, including a first component having a pilurality of apertures, each
configured to receive a coupling member of a respective fluid transmission line.
Each of the apertures penetrates horizontally from an exterior of the first
component to a central cavity formed therein. The fitting also includes a second
component having a plurality of apertures of a number equal to the number of
apertures in the first component. The second component is configured to fit within
the central cavity of the first component such that, when the coupling member of a
fluid transmission line is coupled to one of the apertures of the first component, a
termination of the fluid transmission line is biased against a coupling seat of a
respective one of the apertures of the second component. The fitting further
includes compressing means for subjecting the second component to a
compressing bias on a vertical axis, that is, normal to the horizontal plane in which
the apertures are provided in the first component.

According to a further embodiment of the invention, a system is

provided, including a fluid pump and a fluid distribution fitting. The fitting includes

“a plurality of apertures formed in a body in a common plane and biasing means for

compressively biasing the body along an axis perpendicular to the common plane.
A fluid transmission line is coupled at a first end to an output port of the fluid pump,
and at a second end to one of the plurality of apertures. The system also includes
a tool coupled to another one of the plurality of apertures of the fitting via an
additional fluid transmission line. Additional fluid pumps and tools may be coupled
in various combinations to additional ones of the plurality of apertures of the fitting

via additional fluid transmission lines.
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According to an embodiment of the invention, a compression
member is provided for coupling to an off-the-shelf fitting and configured to apply a
compressing bias to a region of the fitting where fluid channels intersect.

According to an additional embodiment, a method of operation is

provided.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Figure 1 shows a cross section of a high-pressure fluid fitting
according to known art.

Figure 2 shows the fitting of figure 1 in a section taken at lines 2-2.

Figures 3 and 4 are mutually perpendicular cross sections illustrating
a high-pressure fluid fitting according to a first embodiment of the invention.

Figure 5 is a cross section of a high-pressure fluid fitting according to
another embodiment of the invention.

Figure 6 is an orthographic view of components of a high-pressure
fluid fitting according to another embodiment of the invention.

Figure 7 is a cross section of the high-pressure fluid fitting of
Figure 6.

Figures 8A-8C are cross sections of a feature of the embodiment of
Figures 6 and 7, according to various configurations.

Figure 9 is a cross section of a high-pressure fluid fitting according to
a further embodiment of the invention.

Figure 10 is a plan view of a compression member according to an
embodiment of the invention, in cooperation with a fluid fitting according to known
art.

Figure 11 is a cross sectional view of the assembly of Figure 10, also
including an addition compression member and fasteners.

Figure 12 is a diagrammatical view of a system according to an

embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

In the following description, certain specific details are set forth In
order to provide a thorough understanding of various embodiments of the
invention. However, one skilled in the art will understand that the invention may be
practiced without these details. Furthermore, some details that are unnecessary to
the understanding of the principles of the invention, and that are well known in the
art, have been omitted, for the purpose of clarity. With reference to the
accompanying figures, identical reference numbers identity similar elements or
acts.

In describing fluid distribution fittings, according to various
embodiments of the invention, the fittings are illustrated and described as being
configured to be coupled to fluid transmission lines by couplings of the type
described with reference to Figures 1 and 2, including conical coupling seats, etc.
This type of coupling is shown for convenience, only, and is only one of many
acceptable coupling methods. The particular method of coupling a fluid
transmission line to a fitting is a matter of choice, and may depend upon many
factors, including the size of the lines, the pressure in the system, and the type of
fluids being transmitted. Accordingly, any reliable means of coupling a fluid
transmission line to a fluid fitting is acceptable, and falls within the scope of the
invention.

A first embodiment of the invention is described with reference to
Figures 3 and 4, showing a high-pressure fitting 120. Figure 3 shows a horizontal
cross-section of the fitting 120, taken along lines 3-3, as seen in Figure 4. Figure 4
shows a cross-section of fitting 120 taken along lines 4-4 of Figure 3.

The fitting 120 includes a body 122 having coupling apertures 124
configured to receive coupling members of high-pressure fluid transmission lines.
Conical coupling seats 126 are located within each of the coupling apertures 124
and configured to receive the conically shaped terminations of the fluid
transmission lines, for sealing thereto. X and Y channels 128, 130 traverse the

body 122 at right angles, placing each of the coupling apertures 124 in mutual fluid



10

15

20

25

30

CA 02577433 2007-02-16

WO 2006/023708 PCT/US2005/029509

communication. The body 122 also includes apertures 148 configured to receive
coupling fasteners 138 therethrough.

The fitting 120 further includes first and second compression
members 132 configured to be fastened to opposite sides of the body 122, as
shown in Figure 3. Fasteners 138 pass through apertures in each of the
compression members 132 and the body 122, and are configured to bias the first
and second compression members 132 together, with the body 122 positionead
therebetween. Each of the compression members 132 further includes a
compression prominence 134 provided on each of the respective compression

members 132. In one embodiment, the compression prominences 134 are

~ centrally positioned on the compression members 132. Biasing forces exerted on

the compression members 132 by the fasteners 138 are transmitted via the
compression prominences 134 to a central portion of the body 122, directly above
and below the region where the X and Y channels 128, 130 intersect within the
body 122.

The body 122 includes blind apertures 136 in positions
corresponding to the positions of the compression prominences 134, such that the
prominences 134 nest therein. However, the depth of the apertures 136 Is less
than the height of the prominences 134, such that contact surfaces 135 of the
prominences 134 make firm contact with the body 122. .

The compression members 132 are configured to exert tremendous
compressing forces along a Z axis directly opposite the region of the body 122
where the X and Y channels 128, 130 intersect. These compressing forces resist
the separation forces exerted by the fluid within the channels 128, 130 at this point,
where the body 122 is most susceptible to crack initiation. Accordingly, initiation of
cracks is reduced, and if a crack does still manage to form, propagation is siowed.

The actual amount of force selected to be applied depends, among
other factors, upon the material used in the manufacture of the body 122, and may
approach the yielding limit of that material. In the case of devices manufactured by

the inventors for testing, around 140,000 psi, +/- 30,000 psi has been used, but
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this is not considered to be either an upper or lower limit, with respect to the scope
of the invention.

Figure 5 illustrates a second embodiment of the invention, in which a
body 142 of fitting 140 has planar upper and lower surfaces. Compression
members 144 include compression prominences 146, which are configured to
transmit compression forces to the body 142, directly opposite the point where the
X and Y channels 128, 130 intersect.

According to another embodiment of the invention (not shown), the
compression members are configured to apply an even compression force on the
body of the fitting, across the surface of the compression members, and so do not
require prominences.

According to another embodiment, also not shown, the prominence
may be a separate part interposed between the compression member and the
body, or may be formed on the surfaces of the body to interact with the
compression members.

Figures 6-8C show a high-pressure fitting 150 according to another
embodiment of the invention. Figure 6 is an orthographic illustration of a body 152
and insert 156 of the fitting 150, while Figure 7 shows a cross-section of the fitting
150 taken through the center of the fitting along a vertical plane.

The body 152 includes coupling apertures 153, apertures 148
configured to receive fasteners, and an insert aperture 154. The coupling
apertures 153 penetrate the body 152 to intersect with the insert aperture 154.

An insert 156 is configured to fit within the insert aperture 154, with
upper and lower surfaces 158 extending slightly beyond upper and lower surfaces
of the body 152, as shown in Figure 7. The insert 156 includes X and Y channels
128, 130, and coupling seats 157.

Compression members 155 are configured to be fastened on
opposite sides of the body 152, as described with reference to previous
embodiments. Inner surfaces 159 of compression members 155 are configured to

make contact with upper and lower surfaces 158 of the insert 156. Fasteners 138
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exert a compressing bias on the biasing members 155, which bias is transmitted to
the insert 156 along a Z axis via upper and lower surfaces 158.

In operation, coupling members of high-pressure fluid transmission
lines are threaded into coupling apertures 153. Conical ends, or terminations, of
the fluid transmission lines are biased against the coupling seats 157 of the insert
156 to be sealed thereto. Separation forces due to fluid pressure are limited to the
insert 156, while the body 152 is subjected only to biasing forces exerted by the
coupling members to effect adequate seals against the coupling seats 157.

Because the insert 156 includes the coupling seats 157, fluid being
transmitted via the fitting 150 does not come in contact with the body 152.
According to one embodiment, a single type of body 1'52, having a cross-fitting
configuration, is provided, while a variety of inserts 156a-156¢, as shown in
Figures 8A-8C are provided to accommodate various configuration, including
cross, T, and elbow, respectively: According to another embodiment, the body 152
has apertures 153 corresponding in quantity and position to the coupling seats 157
of the respective insert 156.

Figures 8A-8C are cross sections of the insert 156, only, according to
various alternate embodiments, taken along a plane 8-8, as seen in Figure 7. The
insert 156a of Figure 8A has a cross-fitting configuration. The X and Y channels
128, 130 each fully traverse the insert 156a, and each includes respective
coupling seats 157 at both ends thereof. When the insert 156a is positioned within
the body 152, each of the four coupling seats 157 is positioned to receive a conical
termination of a fluid transmission line from a respective one of the coupling
apertures 153 of the body 152.

Insert 156b of Figure 8B has a T-fitting configuration. The X channel
128 fully traverses the fitting 156b, and includes coupling seats 157 at both ends
thereof. The Y channel 130 only partially traverses the insert 156b, and includes a
coupling seat 157 at one end only, terminating at an intersection with X channel
128. When the insert 156b is positioned within the body 152, each of the three

coupling seats 157 is positioned to receive a conical termination of a fluid
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transmission line from a respective one of the coupling apertures 153 of the body
152. It will be recognized that the body 152 will then have one coupling aperture
that is unoccupied. However, this is not a significant concern, since fluid in the
fitting 150 is contained within the insert 156b.

Insert 156¢ of Figure 8C has an elbow-fitting configuration. The X
channel 128 traverses the insert 156¢ only to the center of the insert, and includes
a coupling seats 157 at one end, only. Y channel 130 also traverses the fitting
156b only as far as the center, where it intersects with the X channel 128, and
includes a coupling seat 157 at one end only. When the fitting 156c¢ is positioned
within the body 152, each of the two coupling seats 157 is positioned to receive a
conical termination of a fluid transmission line from a respective one of the
coupling apertures 153 of the body 152. The body 152 will then have two coupling
apertures unoccupied. As with the fitting 156b, this is not a significant concern,
since fluid in the fitting 150 is contained within the insert 156¢. From the foregoing
it may be seen that the same body 152 may be employed as a cross, T, or elbow-
fitting, simply by changing the insert 156.

Manufacturing a fitting for high-pressure fluid transmission involves
several machining steps, and represents a significant expense, especially
considering the fact that failures of fluid fittings are responsible for a high
proportion of the repairs required in such systems. According to the embodiments
of Figures 6-8C, the body 152 of the fitting 150 represents the majority of the
machining steps required to form the fitting, while the insert 156 represents a much
smaller number of machining steps. Inasmuch as the insert 156 includes the
portion of the fitting where the majority of failures occur, a cost savings is realized,
since, when a failure occurs, the insert 156 can be replaced without the need to
replace the body 152.

In order for a fitting to be most resistant to cracks of the type
described above, it has been desirable to manufacture the fitting using a grade of
steel having a high yield strength. However, such steel also has a high degree of

brittleness, such that there is a danger of catastrophic failure. Accordingly, it has

10



10

15

20

25

30

CA 02577433 2007-02-16

WO 2006/023708 PCT/US2005/029509

been common to manufacture fittings using steel having a high fracture toughness,
which is more malleable, and resistant to catastrophic failure. The tradeoff is that
such material is also more subject to crack initiation, and thus will tend to fail more
quickly.

Because the insert 156 of the fitting 150 is completely enclosed, itis
feasible to use material having a high yield strength in the manufacture thereof,
inasmuch as there is no danger that fragments may fly off. Meanwhile, the body
152 and compression members 155 may be manufactured using material having a
high fracture toughness, for safety.

Turning now to Figure 9, another embodiment of the invention is
described therein. High-pressure fitting 160, shown in a vertical cross section,
comprises a body 162 and first and second compression members 166.

The body 162 includes coupling apertures 124 and X -and Y fluid
channels 128, 130, intersecting within the body 162, as described with reference to
previous embodiments. The body 162 also includes apertures 164 configured to
receive the compression members 166. The compression members 166 are
threaded and sized to be received into the apertures 164. The compression
members 166 may each include a compression prominence 168.

In operation, the compression members 166 are threaded into
apertures 164 until contact surfaces 169 make contact with an inner surface of the
aperture 164. Torque is applied to each of the compression members 166 to apply
a compressing bias, in the Z axis, to the body 162, directly opposite a region where
the X and Y channels 128, 130 intersect.

Another embodiment of the invention will be described with reference
to Figures 10 and 11. Figure 10 shows, in plan view, a compression member 170
with a high-pressure fitting 102 positioned thereon. The fitting 102 may be of the
type described in the background, with reference to Figures 1 and 2. Compression
member 170 includes apertures 178 configured to receive fasteners 138, and
guide blocks 176 configured to receive the fitting 102 to ensure correct positioning

thereof. Figure 11 is a cross-section of the assembly of Figure 10 taken along
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lines 11-11, and further including a second compression member 170 positioned
on top of the fitting 102, and fasteners 138, as shown. The compression members
170 each include a compression prominence 172 located such that when the
compression members 170 are positioned on opposite sides of the fitting 102, and
a selected torque is applied to the fasteners 138, a compressing bias is applied to
the fitting 102 directly opposite a region where the X and Y channels 108, 110
intersect within the body of the fitting 102.

According to the embodiment of Figures 10 and 11, compression
members 170 may be coupled to an off-the-shelf pressure fitting, such as that
describe with reference to Figures 1 and 2, providing compressing forces to the
fitting, for the purpose of reducing initiation and propagation of cracks therein.

Figure 12 shows a high-pressure-fluid system 180 according to an
embodiment of the invention. The system 180 includes a high-pressure fiuid pump
182 coupled, via a high-pressure fluid line 188 to a first coupling aperture of a high-
pressure fitting 184. First, second, and third waterjet cutting tools 186 are each
coupled to a respective one of the remaining coupling apertures of the fitting 184
via additional high-pressure fluid lines 188. While details of the fitting 184 are not
shown, it will be understood that the fitting 184 is provided in accordance with one
or more of the embodiments of the invention.

The embodiment of Figure 12 is shown with a single pump and a
plurality of tools coupled to a single fitting. It will be recognized that modifications
of the embodiment may include multiple pumps coupled to a singie fitting to
provide increased fluid flow to a high-volume tool. They may also include multiple
fittings ganged to function as a manifold for a greater numbers of pumps or tools.
One having ordinary skill in the art will recognize many combinations of ;‘ittings,
tools, and pumps not explicitly described herein. Such combinations also fall
within the scope of the invention.

The term “tool” is used herein to refer to any machine or device
configured to be driven by, or to utilize, fluid under pressure, and the term "“pump”

applies to any device or system employed to pressurize or accumulate pressurized
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fluid. Use of the term “fluid” in the specification or claims, unless otherwise
specified, should not be construed narrowly to refer to a particular fluid or class of
fluids, but should be read broadly to include all liquid and gaseous fluids.

Commonly available high-pressure fittings, such as the type

illustrated in Figures 1 and 2, have been subjected to endurance tests by the

inventors. The test devices were subjected to repeated pressurizing and
depressurizing cycles, at pressures of around 90,000 psi. Under these conditions,
the average pressure fitting tested failed after around 75,000 cycles. In
comparison, prototype models of at least one of the embodiments of the invention

have been tested under similar conditions. The average endurance of the

~inventive devices tested exceeded 500,000 cycles.

It is well known that, in high-pressure fluid systems of the type
described herein, depressurizing, then repressurizing, the system causes
significant fatigue on all components in the system. Accordingly, itis customary in
such systems to leave much of the system under pressure, even when not In
operation. For this reason, the costs associated with frequent replacement of
components such as high-pressure fittings goes beyond the actual replacement
cost of the components themselves, which is not insignificant. Each time the
system is depressurized for the purpose of replacing a component, other
components of the system, such as the pumps, valves, seals, other fittings, etc.,
are subjected to another pressurizing cycle, which reduces their working lifetime.
Accordingly, by employing high-pressure fittings of the types described with
reference to the various embodiments of the invention, which are demonstrated to
have a working life approaching an order of magnitude longer, the working life of
other components of the system can also be extended, reducing overall service
costs of the system.

The fittings described herein, with reference to the various
embodiments disclosed, are shown as cross-fittings, having four apertures and a
single X channel and a single Y channel. Other embodiments of the invention

include tee-fittings and elbow-fittings, and also fittings having more than four

13



10

15

20

25

CA 02577433 2007-02-16

WO 2006/023708 PCT/US2005/029509

coupling apertures. Such fittings may have multiple X or Y channels, and may
have channels lying in other vectors on an X-Y plane.

Embodiments of the invention have been described with reference to
high-pressure fluid fittings and systems. This is in part due to the fact that systems
operating at extremely high pressures often operate very close to the limits of the
yield strength of the materials and structures employed. For example, consider
that, in an isostatic press operation, the crystalline structure of a tool steel
machined part is modified by the extreme fluid pressures within the press. In fact,
such presses may be employed to consolidate powdered metals into solid parts.
Clearly, many of the components of a system providing such pressure must also
be subject to the same pressure, except that the forces are internal to the
components, and may be extremely destructive to the system if not carefully
managed.

Nevertheless, the inventors recognize that the forces, in absolute
value, generated in extremely high-pressure systems may be met or exceeded in
lower-pressure, higher-volume systems. For example, the fluid channels in fittings
of the kind described above may have a bore diameter of around .062 inches. In
contrast, the channel bore of a fitting employed to distribute hydraulic fluid to large
hydraulic actuators may exceed two inches. At such a size, the forces generated
by a 2,000 psi system can exceed those of a 60,000 psi system utilizing the
smaller bore.

Furthermore, engineers and manufacturers strive to reduce mass
and size of system components to control material and manufacturing costs and
reduce space requirements in shipping, storage, and operation. Thus, it is
desirable, in lower pressure systems, to employ fittings that are no more massive
than is absolutely necessary. Applying principles of the invention, as described
with reference to the disclosed embodiments, to embodiments configured to
operate at lower pressures is consistent with these aims, and falls within the scope

of the invention.

14



10

15

20

CA 02577433 2011-06-23

Terms employed in describing embodiments of the invention are not
Intended to limit the scope of the invention. For example, use of terms such as
upper, lower, above, below, horizontal, vertical, etc., are for convenience in
referring to the figures, or to provide a frame of reference for further description,
and are not limiting, with respect to the scope of the invention.

Terms used to describe features or components of the embodiments
of the invention, in particular those features that have no analogue in known art,
have been selected as having commonly accepted definitions that do not conflict
with the nature of the feature so described. This is for convenience only. For
example, a feature described using the term “compression member” may also be
referred to as a truss, a pressurizing component, a support member, etc. A feature
described using the term “prominence” may also be referred to as a raised contact,
a step, a bump, a knob, etc. Other terms used herein may also be similarly
Interchanged with other terms that are common in the industry, or terms that are
wholly arbitrary. The scope of the invention is not to be limited by the commonly
accepted definitions of such terms.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made. Accordingly, the invention is not

imited except as by the appended claims.

15



CA 02577433 2012-04-11

CLAIMS

1. A fitting for collecting and distributing pressurized fluid via fluid
transmission lines, comprising:

a body comprising a plurality of apertures formed in a common plane therein and

being connected by channels intersecting inside the body such that all of the apertures
are in mutual fluid communication; and

first and second compression members positioned on opposing sides of the body
and coupled thereto so as to exert a compressing bias on the body along an axis
perpendicular to the common plane, and wherein the body and the first and second

compression members are shaped such that the compressing bias is concentrated in a
region of the body where the channels intersect.

2. The fitting of claim 1 wherein the first and second compression members
each comprise a raised contact aligned with the region of the body where the channels

intersect.

3. The fitting of claim 1 wherein each of the plurality of apertures IS
configured to receive a threaded coupling member of a respective fluid transmission

line.

4. The fitting of claim 1, further comprising a plurality of threaded fasteners,
each traversing a coupling aperture in each of the body and the first and second

compression members and configured to bias the first and second compression

members together.

S. The fitting of claim 1, further comprising first and second compression

apertures formed on opposing faces of the body along the axis perpendicular to the

16



CA 02577433 2012-04-11

common plane and configured to receive the first and second compression members,

respectively.

6. The fitting of claim 5 wherein the first and second compression apertures

are configured to threadedly receive the first and second compression members,

respectively.

7. The fitting of claim 1 wherein the fitting is of a type chosen from among an

elbow-fitting, a tee fitting, and a cross-fitting.

8. A system, comprising:
a fluid pump;

a first fluid transmission line having first and second ends, the first end being
coupled to an output port of the fluid pump; and

a fluid distribution fitting having a plurality of apertures formed in a body in a
common plane and being connected by channels intersecting inside the body, the fitting
further including first and second compression members positioned on opposite sides of
the body for concentrating a compressing bias in a region of the body where the
channels intersect, the second end of the first fluid transmission line being coupled to

one of the plurality of apertures.

9. The system of claim 8, further comprising:

a first tool: and

a second fluid transmission line having first and second ends, the first end
thereof being coupled to a second one of the plurality of apertures and the second end

thereof being coupled to a fluid input of the first tool.

10. The system of claim 9, further comprising:

a second tool; and
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a third fluid transmission line having first and second ends, the first end thereof

being coupled to a third one of the plurality of apertures and the second end thereof
being coupled to a fluid input of the second tool.

11.  The system of claim 8, further comprising:

an additional fluid pump; and

a second fluid transmission line having first and second ends, the first end
thereof being coupled to a second one of the plurality of apertures and the second end
thereof being coupled to a fluid output port of the additional fluid pump.

12.  The system of claim 8, further comprising:

a plurality of additional components chosen from among fluid pumps and tools;
and

a plurality of additional fluid transmission lines having first and second ends, the
first end of each being coupled to a respective one of the plurality of apertures and the
second end of each being coupled to a fluid port of a respective one of the plurality of

components.

13. A fluid distribution fitting, comprising:

a body having a plurality of apertures formed therein in a common plane and
being connected by channels meeting inside the body such that all of the apertures are

in mutual fluid communication; and

means for applying a compressing bias to the body along an axis perpendicular
to the common plane and concentrating the compressing bias to a region of the body

where the channels meet.
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14. A device for use with a fluid distribution fitting having a plurality of fluid
channels intersecting within a body thereof, comprising:

a compression member configured to receive the fitting, the compression
member being configured to exert and concentrate a compressing bias to the fitting in a
region of the intersection of the fluid channels.

15.  The device of claim14 wherein the compression member includes a raised
contact surface formed on a face thereof and positioned such that, when the
compression member is biased against a face of the fitting, the raised contact surface
applies the compressing bias to the fitting in the region of the intersection of the fluid
channels.

16.  The device of claim 14, further comprising:

an additional compression member configured to be coupled to the compression
member with the fluid distribution fitting therebetween, the additional compression
member further configured to cooperate with the compression member to apply and
concentrate a compressing bias to the high-pressure fitting on opposite sides thereof in

the region of the intersection of the fluid channels.

17. A method, comprising:

pressurizing a fluid within a fitting having a plurality of fluid apertures lying In a
common plane within a body of the fitting, the fluid apertures being connected by
channels intersecting within a central portion of the body of the fitting such that all of the

plurality of fluid apertures are in common fluid communication; and

concentrating a compressing bias to the central portion of the body of the fitting

where the channels intersect along an axis perpendicular to the common piane.
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18. The method of claim 17, further comprising transmitting the fiuid to

a tool via a fluid transmission line coupled to the fitting.

19.  The method of claim 17, further comprising transmitting the fluid to

a plurality of tools via a plurality of fluid transmission lines, each coupled to the fitting.
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