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(54) Title: FLUID CONDUIT CONNECTION SYSTEM WITH A DOUBLE UNDERCUT CLAMP

(57) Abstract: A conduit connection system
(10) may have a first coupling (16) connec-
ted to a first conduit (12). The first coupling
may have a first undercut (30). The conduit
connection system may also have a second
coupling (18) connected to a second conduit
(14). The second coupling may have a
second undercut (36). The conduit connec-
tion system may have a clamp (20). The
clamp may have a first projection (128). The
first projection may be configured to be re-
ceived in the first undercut. The clamp may

have a second projection (130). The second
projection may be configured to be received
in the second undercut. The conduit connec-
tion system may also include a connector
(22). The connector may be configured to
engage with the clamp to connect the first
coupling and the second coupling.
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FLUID CONDUIT CONNECTION SYSTEM WITH A DOUBLE UNDERCUT
CLAMP

Description

Technical Field
3 The present disclosure relates generally to a fluid condait
connection system and, more particularly, to a fluid conduit connection system

with a double undercut clamp.

Backsround

o munimng. or

=2 =2

Industnal machinery, for example, carth movin
10 constraction machines, often include conduits {pipes and hoses) that carry fluids
{gases or liquids) under pressure. For example, conduits m earth moving,
mining, or construction machines may carry pressurized hydraulic fluid, which
may be used to move one or more actuators to perform various operations.
Operation of such machines ofien requires connection or disconnection of
15 adjacent conduits, for example, to move the machines from one work location to
another.

Adjacent connectable conduits used in these machines may
melude corresponding male and female end portions. Connecting adjacent
condutts may involve mating the male and female end portions and securely

20 attaching the end portions to cach other so that the conduits do not got
disconnected during operation of the machinery. The end portions may be
attached to each other using a vanety of clamping devices, which may include,
for example, threaded connectors, spring-loaded connectors, flanged connectors
with fasteners, etc. To mmprove operational ctficiency, it may be desirable to use

25 clamping devices that allow quick connection and disconnection of the conduits,
while still preventing leakage of flaid from the conduits when connected.

The clamping devices used to connect the adjacent conduits may
wear out over time due to abrasion caused by repeated connection and
disconnection of conduits, because of the exposure of the clamping devices to

30 corrosive fluids within or outside the conduits, and/or because of stresses
mduced in the clamping devices due to the high pressure in the conduits. Thus,

the clamping devices used to attach the end portions of the conduits may need



WO 2017/034831 PCT/US2016/046710

e

periodic replacement. Therefore, it may also be desirable to have clamping
devices that can be easily replaced at a worksite.
U.S. Patent No. 7,390,031 of Kraft, issued on June 24, 2008 (“the

031 patent™), discloses a quick-connect conduit coupling device. In particular,

()]

the "031 patent discloses two coupling members, cach having a central opening.
The "031 patent discloses that one coupling member has a tapered slot and that
the other coupling member has a wedge-like element which slides o the
tapered slot. The 031 patent further discloses that both the coupling members
mclude an annular groove for receiving a gasket. According to the 031 patent,
10 the gasket has an annular portion of compressible resilient matenal and another
portion that s less compressible. The "031 patent discloses that the less
compressible portion of the gasket is securely seated in the annular groove of
one of the coupling members so that the gasket does not slide off as the coupling
members shide against each other. Further, the "031 patent discloses that a
15 locking pin or fastener may be used to align the two coupling members and to
prevent the two coupling members from shiding out and disengaging due to
vibration and/or mechanical twisting ot the parts.
Although the "031 patent discloses a quick-connect condoit
coupling device, the disclosed coupling device may still be less than optimal. In
20 particular, the disclosed coupling device requires sliding one coupling member
attached to one conduit into another coupling member attached to an adjacent
condutt. Sliding the coupling members into each other may require the operator
to lift and/or move the conduits relative to cach other. The size and weights of

the conduits and the amount of space available in the work area may make such

o
[

movement difficult and may cause operator fatigue. Additionally, the coupling
device of the 031 patent requires a gasket that has two portions with different
compressibility values. The use of such a specialized gasket may incroase the
cost of using and replacing the coupling device of the "031 patent. The coupling
members disclosed in the 031 patent may alsc move relative to cach other and
30 cause disconnection of the conduits if the locking pin or fastener degrade, fail, or
are nadvertently not assembled

The conduit connection system of the present disclosure solves
one or more of the problems set forth above and/or other problems of the prior

art.
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Summary
In one aspect, the present disclosure is directed to a conduit
connection system. The conduit connection system may include a first coupling

connected to a first condwnt. The first coupling may include a first undercut.

W

The condait connection system may also inchude a second coupling connecied to
a second conduit. The second coupling may include a second undercut. The
conduit connection system may include a clamp. The clamp may have a first
projection. The first projection may be configured to be reccrved in the first
undercut. The clamp may also have a second projection. The second projection
10 mav be configured to be received in the second undercut. The condust
connection system may also include a connector. The connector may be
configured to engage with the clamp to connect the first coupling and the second
coupling

In another aspect, the present disclosure is directed to a clamp

[
(v

shell. The clamp shell may include a hub. The hub may extend from a clamp
proximate ¢nd to a clamp distal end. The hub may also have a generally semi-
cvhindnical shape disposed about a longitudinal axas. The clamp shell may
further inclade a first hinge knuckle extending radially outward from the hub.
The clamp shell mav also include a second hinge knuckle extending radially
20 outward trom the hub. The first hinge knuckle and the second hinge knuckle
may be disposed on opposite sides of the hub. The clamp shell may inchide a
first projection extending radially mward from the hub adjacent the clamp
proximate end. The clamp shell may also include a second projection extending
radially inward from the hub adjacent the clamp distal end. In addition the
25 clamyp shell may inclade a first hole disposed i the first hinge knuckle. The
clamp shell may also mclude a sccond hole disposed in the second hinge
knuckle.
In vet another aspect, the present disclosuare is directed to a
coupling. The coupling may include an outer surface extending from a couphing
30 proximate end to a coupling distal cnd. The outer surface may be generally
cvhindrical and may be disposed about a longitudinal axis. The coupling may
mclude an undercut disposed on the outer surface between the coupling
proxunate cnd and the coupling distal end. The undercut may include a first

annular surface disposed between the coupling proximate end and the coupling
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distal end. The first annolar surface may be generally orthogonal to the
longitudinal axis. The undercut may also include a second annular surface
disposcd between the first annular surface and the coupling distal end. The

second annular surface may be axially spaced apart from the first annular surface

(v

and may be inclined relative to the longitudinal axis. In addition, the undercut
may include an undercut mner surface extending axially between the first

annular surface and the second annular surface.

Brief Descrniption of the Drawings

Fig. 11s an illustration of an exemplary disclosed conduit
10 connection system;
Fig. 2 is an exploded view of the exemplary disclosed conduit
connection system of Fig. 1;
Fig. 3 1s an illustration of another exemplary disclosed conduit
connection system including an exemplary disclosed clip;
i3 Fig. 4 15 a cross-sectional view of the exemplary disclosed
condutt connection system of Fig. 1;
Fig. 5 is an illustration of an exemplary disclosed clamp shell for
the conduit connection system of Figs. 1 and 3;
Fig. 6 15 an illustration of an exemplary disclosed clip for the
20 conduit connection system of Fig. 3;
Fig. 7 is an illustration of another exemplary disclosed clip for the
conduit connection system of Fig. 3;
Fig. 8 is a flow chart showing an exemplary disclosed method of
assemblv of the condutt connection systern of Fig. 1; and
25 Fig. 91s a schematic drawing representing a system for
generating a three-dimensional model of various components of the conduit

connection system of Figs. 1 and 3.

Detailed Descniption

Fig. 1 tilustrates an exemplary conduit connection system 10.
30 Conduit connection system 10 may be used to hvdrauiically connect first conduat
12 with second conduit 14, In some exemplary embodiments, first and second

conduits 12, 14 may be pipes and/or hoses associated with a machine (not
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shown) configured to be used, for example, in construction, earth moving, and/or
mining mdustrigs. First and second conduts 12 and 14 may be configured to
carry pressurized fluids, which may include gases, liquids, hydraulic fluids,

fubrication fhuds, muxtures of gases and liquids, etc. Conduit connection system

()]

10 may allow pressurized fhads to pass from first conduit 12 to second conduit
14 and vice-versa, while reducing and/or eliminating lcakage of the fluids from
conduit connection sysiem 10, In some exemplary embodiments, the pressure
within first and second conduits 12 and 14 may range between, for example,
30406 psi to 6000 psi.

16 Conduit connection system 10 may include first coupling 16,
second coupling 18, clamp 20, and connector 22, Fig. 2 dlustrates an exploded
view of an exemplary disclosed conduit connection system 10, First coupling
16, second coupling 18, and clamp 20 may be disposed around a longitudinal
axis 24. Clamp 20 may include first clamp shell 26 and second clamp shell 28,

15 Asillostrated in Fig. 2, first coupling 16 may mchude first undercut 30 and one
or more grooves 32, First undercut 30 and grooves 32 may be disposed
circumferentially around first outer surface 34 of first coupling 16, First
sndercut 30 and grooves 32 may be axially separated from each other. Like first
coupling 16, second coupling 138 may inciude second undercut 36, which may be

20 disposed circumferentially around second outer surface 38 of second coupling

18. Conduit connection svstem 10 may also mclude seal members 40, which

may be configured to be received in grooves 32, In one exemplary embodiment

as Ulustrated in Fig. 2, first coupling 16 may have two grooves 32 contigured to

recerve two seal members 40. It is contemplated, however, that first coupling 16

o
[

may have any number of grooves 32, each groove 32 being configured to receive
a scal member 40. Likewise, it is contemplated that conduit connection system
10 may include any number of seal members 40 corresponding to a number of
grooves 32.

First clamap shell 26 and second clamp shell 28 may be configured
30 1o engage with first and sccond undercuts 30, 36, enclose first and second
couplings 16, 18, and seal members 40, and be connected to each other. First
and seccond clamp shells 26, 28 may each extend axially from clamp proximate
end 42 to clamp distal end 44. First clamp shell 26 may mchude first hub 46,

first hinge knuckle 48, and second hinge knuckle 530. First hub 46 may have a
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generally semi-cyvlindrical shape and may extend axaally from clamp proximate
end 42 to clamp distal end 44, First and second binge kauckles 48, 50 may be
disposed on opposite sides of first hub 46. 1n one exemplary embodiment as

iHustrated in Fig. 2, first and second hinge knuckles 48, 50 may be disposed on

(v

diametrically opposite ends of first hub 46. First hinge knuckle 48 may extend

substantially radiallv outward from first hub 46. First hinge knuckle 48 may

extend axially from clamp prosimate end 42 to adjacent clamp intermediate

point 52 disposed between clamp proximate end 42 and clamyp distal end 44,

Second hinge knuckle 50 may extend substantially radially outward from first

10 hub 46. Second hinge knuckle 50 may extend axially from adjacent clamp
mtermediate point 52 to clamp distal end 44,

Second clamp shell 28 may include second bub 34, third hinge
kanuckle 56, and fourth hinge knuckle 58, Second hub 54 may have a generally
semi-cylindrical shape and may extend axially from clamp proximate end 42 to

15 clamp distal end 44, Third and fourth linge kmuckles 56, 38 may be disposed on
opposite sides of second hub 54. In one excmplary embodiment as illustrated in
Fig. 2, third and fourth hinge knuckles 56, 38 may be disposed on diametrically
opposite ends of second hab 54. Third hinge knuckle 56 may extend
substantially radially outward from second hub 534, Third hinge knuckle 56 may
20 extend axially from adiacent clarap intermediate pount 52 to clamp distal end 44.
Fourth hinge knuckle 58 may extend substantially radially outward from second
hub 54, Fourth hinge knuckle 58 may extend axially from clamp proximate end
42 to adjacent clamp intermediate point 52.

First, second, third, and fourth hinge knuckles 48, 530, 56, 58 may

o
[

cach mnclude a hole 60. First clamp shell 26 may mate with second clamp shell
28 such that first hinge kmuckle 48 may axially abut against third hinge kouckle
56, and hole 60 of first hinge knuckle 48 may be axially aligned with hole 60 of
third hinge knuckle 36, Likewise, when first and second clamp shells 26, 28
mate, second hinge knuckle 50 may axially abut agamst fourth hinge knuackle 58,
30 and hole 60 of second hinge knuckle 50 may be axially aligned with bole 60 of
fourth hinge kouckle 38. At least one of holes 60 mn first and third hinge
konckles 48, 36 mav be tapped. Likewise, at least one of holes 60 m second and
fourth hinge knuckles 50, 58 may be tapped. Conmectors 22 may engage with

holes 60 to attach first clamp shell 26 to second clamp shell 28, In one
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excmplary embodiment as illastrated i Fig. 2, connectors 22 may be fasteners.
Connectors 22 may pass through washers 62 and may threadingly engage with
one or more of holes 60 in first, second, third, and fourth hinge knuckles 48, 50,

56, 58 to connect first clamp shell 26 1o second clamp shell 28, It is also

(v

conteraplated, however, that holes 60 in first, second, third, and fourth hinge
kouckles 48, 50, 36, 58 may be through holes 60. Fasteners 27 may pass
through the through holes 60 and project axaally outward from first and second
end surfaces 64, 66 of first hinge knuckle 48 and fourth hinge knuckle 3§,
respectively. As illustrated in Fig. 2, first and second end surfaces 64, 66 may
10 be disposed adjacent clamp proximate end 42, Nuts (not shown)} may abut
against first end surface 64 and second end surface 66 of first hinge knuckie 48
and fourth binge konuackle 38, respectively, and may engage with fasteners 22 to
connect first and second clamp shells 26, 28.
Although Fig. 2 illustrates fasteners 22, 1t is contemplated that
15 first and second clamp shells 26, 28 may be attached to each other using other
attachment methods. For example, Fig. 3 illustrates an exemplary conduit
connection system 10 in which clip 68 may be used to connect first and second
clamp shells 26, 28, As illustrated mn Fig. 3, clip 68 may pass through holes 60
in first and third hinge knuckles 4% and 56 on one side of clamp 20 and through
20 holes 60 1 second and fourth hinge knuckles 50, 58 on an opposite side of
clamp 20 to attach first clamp shell 26 and second clamp shell 28,
Fig. 4 illustrates a cross-section taken through an exemplary
disclosed conduit connection system 10, As illustrated in Fig. 4, first coupling

16 may extend axually from first coupling proximate end 72 to first coupling
o R =

o
[

distal end 74. First coupling 16 may include first coupling bore 76 and first
counterbore 78. First coupling bore 76 may extend axially between first
coupling proximate end 72 and first counterbore base 80 disposed between first
coupling proximate end 72 and first coupling distal end 74. First counterbore 78
may extend axially between first coupling distal end 74 and first counterbore

30 base 80. First counderbore 78 may have a diameter, which may be larger than a
diameter of first coupling bove 76. First counterbore 78 mav be configured to
recerve first condut 12, which may be attached to first counterbore 78 via an
mterference fit, brazing, welding, crimping, or by any other method of

attachment known in the art. In other exemplary embodiments, first counterbore
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78 and first counduit 12 may be threaded and first conduit 12 may be threadingly
attached to first counterbore 78.
First undercut 30 may be disposed between first coupling

proximate end 72 and first coupling distal end 74. In one exemplary

(v

embodiment as illustrated in Fig. 3, first undercut 30 may be disposed betwee
first counterbore base 80 and first coupling proximate ¢nd 72, First undercut 30
may include first undercut inner surface 82, first annular face 84, and second
annular face 86. First undercut inner surface 82 may extend axially from first
annular face 84 to second anmular face 86. First undercut mner surface 82 may
160 have a diameter, which may be smaller than a diameter of first outer surface 34
of tirst coupling 16. First annular face 84 may be located between first coupling
proximate end 72 and first coupling distal end 74, First annular face 84 may be
disposed nearer to first counterbore base 80 relative to first coupling distal end
74, First annular face 84 may be disposed generally orthogonal to longitudinal
15 axis 24, Asused in this disclosure, the terms “about” and “generally” mdicate
typical manufactuning tolerances and dimensional rounding. Thus, for example,
the terms “about” and “generally” may represent an angular vanation of + 1°
from a nomunal value. Second annular face 86 may be axially spaced apart from
first annular face 84 and may be disposed between first annular face 84 and first
20 coupling proximate end 72. Second annular face 86 may be inclined at an angle
“a” relative to a plane disposed generally orthogonal to longitudinal axis 24,
One of ordinary skill in the art would understand that second annular face 86
would also be inclined relative to first annular face 84, As illustrated m Fig. 4,
second annular face 86 may be inclined away from first coupling proximate end
25 72 and towards first coupling distal end 74, In one exemplary embodiment,
angle o may range between about 10% and 20°.
First undercut mner surface 82 may include first portion 88 and
second portion 90. First portion 88 may extend axially from second annular face
86 to first undercut intermediate point 92 disposed between first annular face 84
30 and sccond annular face 86, First portion 88 may have a generally cylindrical
shape having a generallv uniform diameter. Second portion 90 may extend from
first annudar face 84 to first undercut intermediate point 92, Second portion 90
may have a gencrally conical shape. having a diameter adjacent first annular face

84, which may be larger than a diameter of second portion 90 adjacent first
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undercot intermediate point 92, In one exemplary embodiment as illustrated n
Fig. 4, the diameter of second portion 50 adjacent first vndercut intermediate
point 92 may be about equal to a diameter of first portion 88.
First coupling 16 may include shoulder 94 extending from first
5 coupling proximate end 72 to shoulder end 96 disposed between first coupling
proximate end 72 and second annuiar face 86. Shoulder 94 may include a
generally cylindrical shoulder outer surface 98, which may extend axially from
first coupling proximate end 72 to adjacent shoulder end 96, Shoulder outer
surface 98 may have a diameter, which may be smaller than a diameter of first
10 outer surtace 34 of first coupling 16. In onc exemplary embodiment as
iHustrated in Fig. 4, shoulder outer surface 98 may have a diameter, which may
be larger than a diameter of first endercut mner surface 82, Shoulder 94 may
also include shoulder end face 100 disposed adjacent shoulder end 96. Shoulder
end tace 100 may be disposed generally orthogonal to shoulder outer surface 98.
15 Omne or more grooves 32 may be disposed circumferentially on shoulder outer
surface 98. Grooves 32 may be disposed between first coupling proximate end
72 and shoulder cnd 96 and bikewise between furst coupling proximate end 72
and first undercut 30.
As illustrated 1n Fig. 4, second coupling 18 may extend axially
20 from a second coupling proximate end 102 to a second coupling distal end 104.
Second coupling 18 may include a second coupling bore 106, second
counterbore 108, and third counterbore 110, Second coupling bore 106 may
extend axially between second counterbore base 112 and third counterbore base
114. Second counterbore base 112 mayv be disposed between second coupling
25 proximate end 102 and second coupling distal end 104, Third counterbore base
114 may be disposed between second coupling proximate end 102 and second
counterbore base 112, Second counterbore 108 may have a diameter, which may
be larger than a diameter of second coupling bore 106, Second counterbore 1068
may be configured to receive second conduit 14, which may be attached to
30 second counterbore 108 via an interference fit, brazing, welding, crimping, or by
any other method of attachment known in the art. In other exemplary
embodiments, second counterbore 108 and second counduit 14 may be threaded

and second conduit 14 may be threadingly attached to second counterbore 1038,



WO 2017/034831 PCT/US2016/046710

-10-

Third counterborg 110 may have a diameter, which may be larger
than a diameter of second coupling bore 106. In one exemplary embodiment as
tHustrated in Fig. 4, the diameter of third counterbore 110 may also be larger

than a diameter of second counterbore 108, The diameter of third counterbore

(v

110 may be larger than a diameter of shoulder outer surface 98 of first coupling
16. As dlustrated in Fig. 4, second coupling 18 may be configured to recetve
first coupling 16. For example, third counterbore 110 of second coupling 18
may be configured to receive shoulder outer surface 98 of first coupling 16.
Seal members 40 may be disposed i grooves 32 of shoulder
10 outer surtace 98 of first coupling 16, As dlustrated in Fig. 4, scal members 40
may be disposed between grooves 32 and third counterbore 110, Seal members
40 may be disposed between shoulder outer surface 98 and third counterbore 110
mn a compressed condition, which may provide the forces necessary to retain scal
members 40 within grooves 32, Compressed seal members 40 may help reduce
15 or climinate leakage of pressurized fluids from within first and second condutts
12, 14 io the ambient. in one exemplary embodiment as illustrated in Fig. 4, seal
member 40 may be an O-ring. It is contemplated, however, that seal member 40
may be a gasket or any other type of sealing element known in the art.
Second undercut 36 may be disposed between second coupling
20 proximate end 102 and sccond coupling distal end 104, In onc exemplary
embodiment as illustrated in Fig. 4, second undercut 36 may be disposed
between second counterbore base 112 and third counterbore base 114, Second
undercut 36 may include second undercut inner surface 116, third annular face

118, and fourth annular face 120, Second undercut inner surface 116 may

o
[

extend axially from third annular face 118 to fourth anmddar face 120, Second
vadercut inner surface 116 and may have a diameter, which may be smaller than
a diameter of second outer surface 38 of second coupling 18, Third annular face
118 may be located nearer to second counterbore base 112 relative to third
counterbore base 114, Third annalar face 118 may be disposed generally

30 orthogonal to longitadinal axis 24. Fourth annular face 120 may be axially
spaced apart from third annular face 118 and may be located between third
counterbore base 114 and third annular face 118, Fourth annular face 120 may
be mclined at an angle “B” relative to a planc disposed orthogonal to longitudinal

axis 24. One of ordinary skill in the art would understand that fourth annular
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face 120 would also be inclined relative to third annular face 118, As illostrated
m Fig. 4, fourth annular face 120 may be inclined away from sccond coupling
proximate end 102 and towards second coupling distal end 104, Angle B may be
the same as or different from angle . In one exemplary embodiment, angle

5 may range between about 10° and 20°.

Second undercut nner surface 116 may include third portion 122
and fourth portion 124, Third portion 122 may extend axially from fourth
annular face 120 to second undercut intermediate point 126 disposed between
third anmular face 118 and fourth annular face 120. Third portion 122 may have

10 agenerally eylindrical shape, having a generally uniform diameter. Fourth
portion 124 may extend from third annular face 118 to second undercut
mtermediate point 126, Fourth portion 124 may have a generally conical shape,
having a diameter adjacent third annular face 118, which may be larger than a

diameter of fourth portion 124 adjacent second undercut intermediate point 126,

[
(v

in one exemplary embodiment as illustrated in Fig. 4, the diameter of fourth
portion 124 adjacent second undercut intermediate point 126 may be about equal
to a diameter of third portion 122
As further llustrated in Fig. 4, first clamp shell 26 may include
first hub 46, first projection 128, and second projection 130, First projection 128
20 may be disposed adjacent clamp proximate end 42 and may extend generaily
radially imward from first hub 46. First projection 128 may extend axially from
clamp proximate end 42 to first projection end 132 disposed between clamp
proximate cnd 42 and clamp distal end 44, First projection 128 may be received
within first undercut 30, First projection 128 may have first face 134, second
25 face 136, and first projection inner surface 138, First face 134 may be disposed
at clamp proximate end 42 and may have an annular shape. First face 134 may
be disposed generally orthogonal to longttudinal axis 24. Second face 136 may
be disposed adjacent first projection end 132, axially spaced apart from first face
134, Second face 136 may have a generally anmular shape and may be mchined
30 atan angle “07 relative to a plane orthogonal to longitudinal axis 24, Angle 6
may be the same as or different from angles o and . In one exemplary
embodiment, angle 0 may range from about 10° t0 20°,
First projection jnner surface 138 of first projection 128 may

melhude a fifth portion 140 and a sixth portion 142, Fifih portion 140 may extend
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axially from second face 136 to adjacent first undercut intermediate point 92.
Fifth portion 140 may have a generally cylindrical shape having a generally
uniform diameter. Sixth portion 142 may extend axially from first face 134 to
adjacent first undercut intermediate point 92. Sixth portion 142 may have a
5 generally conical shape, having a diameter adjacent first face 134, which may be
larger than a diameter of sixth portion 142 adjacent first undercut intermediate
point 92. in onc exemplary embodiment as dlustrated in Fig. 4, the diameter of
sixth portion 142 adjacent first endercut intermediate point 92 may be about
cqual to a diameter of fifth portion 140. Fifth portion 140 of first projection
10 mmner surtface 138 may be disposed adjacent to first portion 88 of first undercut
30. Similarly, sixth portion 142 of first projection inner surface 138 may be
disposed adijacent to second portion 90 of first undercut 30.
Second projection 130 may be disposed adjacent clamp distal end
44 and may extend generally radially ioward from first bub 46, Second
15 projection 130 may extend axially from clamp distal end 44 to second projection
end 144 disposed between clamp distal end 44 and first projection end 132,
Second projection 130 may be received within second undercut 36, Second
projection 130 may have third face 146, fourth face 148, and second projection
mner surface 150, Third face 146 may be disposed at clamp distal end 44 and
20 may have an annular shape. Third face 146 may be disposed generally
orthogonal to longitudinal axis 24. Fourth face 148 may be disposed adjacent
second projection end 144, axially spaced apart from third face 146. Fourth face
148 may have a generally annular shape and may be mclined at an angle “)”

relative 1o a plane orthogonal to longitudinal axis 24, Angle é may be the same

N
(4

as or different from angles o, B, and 6. In one exemplary embodiment, angle ¢
may range from about 10° to 20°.

Second projection mner surface 150 of second projection 130
may include a seventh portion 132 and a cighth portion 154, Seventh portion
152 may extend axially from fourth face 148 to adjacent second undercut
30 intermediate point 126, Seventh portion 132 may have a gencrally cylindacal
shape having a generally uniform diamcter. Highth portion 154 may extend
axially from third face 146 to adjacent second undercut intermediate point 126.
Eighth portion 154 may have a generally conical shape, having a diameter

adjacent third face 146, which mav be larger than a diameter of eighth portion
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154 adjacent second undercut intermediate point 126, I one exemplary
embodiment as tllustrated in Fig. 4, the diameter of cighth portion 154 adjacent
second undercut intermediate point 126 may be about egual to a diameter of
seventh portion 152, Seventh portion 132 of first projection muer surface 138
5 may be disposed adjacent to third portion 122 of second undercut 36, Similarly,
cighth portion 154 of first projection inner surface 138 may be disposed adjacent
to fourth portion 124 of second undercut 36,
First and second projections 128, 130 with first hab 46 may form
dovetail mortise 156 because of the angles of inclination 8 and ¢, respectively, of
10 second and fourth faces 136, 148, Likewise, a portion of first outer surface 34
disposed between sccond anmular face 86 and shoulder end 96 together with a
portion of second outer surface 38 disposed between second coupling proximate
end 102 and fourth annular sarface 120 may form a dovetail tenon 158 that may
engage with dovetail mortise 156, Pressurized fluids within first and second
15 conduits 12, 14 may push first coupling 16 axially apart from second coupling
18, caunsing second face 136 of first projection 128 and fourth face 148 of second
projection 130 to abut against second annular face 86 and fourth annular face
120, respectively. Thus dovetail mortise 156 of first hub 46 mayv engage with
dovetail tenon 158 to hold fivst and second coupling 16, 18 together even in the
20 absence of any additional connectors or fasteners. Although Fig. 4 illustrates a
cross-sectional view through first clamp shell 26, second clamp shell 28 may
have featurcs similar to those described above for first clamp shell 26,
Fig. 5 illustrates an exemplary embodiment of first clamp shell

26. As discussed above, first clamp shell 26 may include first hob 46, first

N
(4

projection 128, and second projection 130, As illustrated in Fig. 5, first hub 46
may have a generally semi-cylindrical shape. Likewise, first and second
projections 128, 130 may also have a generally semi-cylindrical shape. First
clamp shell 26 may also include first flat 160 and second flat 162 disposed
adjacent first hinge knuckle 48 and second hinge knuckle 50, respectively. In

30 one exemplary embodiment as tlustrated 10 Fig. 3, first flat 160 may be disposed
diametrically opposite second hinge knuckle 50, and second flat 162 may be
disposed diametrically opposite first hinge knuckie 48. First flat 160 may
mclude first flat surface 164 disposed generally radially. First flat surface 164

may extend axially from adjacent clamp intermediate pomnt 32 to clamp distal
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end 44. Second flat 162 may include second flat surface 166 disposed generally
radially. Second flat surface 166 may extend axially from adjacent clamp
mtermediate point 52 to clamp proximate end 42, When second clamp shell 22
mates with first clamp shell 26, third hinge kouckle 36 may rest on first flat 160,
5 and fourth hinge knuckle 58 may rest on second flat 162, Like first clamp shell
26, second clamp shell 28 may also include structures similar to first and second
flats 160, 162,
Fig. 6 illustrates an exemplary embodiment of clip 68. As
tHustrated in Fig. 6, clip 68 may include center portion 170, first leg 172, and
10 second leg 174, Center portion 170 may have a generally semi-circular shape,
which may be disposed generally orthogonal to longitudinal axis 24, First and
second legs 172, 174 mav be disposed generally orthogonal to center portion 170
and generally parallel to longitudinal axis 24, First and second legs 172, 174
may extend outward from center portion 170 and may be diametrically spaced
15 apart from cach other. Firstleg 172 may include first basc portion 176, first
extension 178, and first tip 180. First base portion 176 may extend axially from
center portion 170 at clip proximate end 182 to base end 186, First base portion
176 may have a generally eylindncal shape, which may have a diameter smaller
than a diameter of holes 60. First extension 178 may extend axially from base
20 end 136 to extension end 188, First extension 178 may have a generally
cvlindrical shape, which may have a diameter smaller than a diameter of first
base portion 176, First tip 180 may extend axzally from extension end 188 to
clip distal end 184. First tip 180 may have a generally frusio-conical shape,
having a diamecter less than a diameter of holes 60 at clip distal end 184 and a
25 diameter larger than a diameter of first extension 178 at extension end 188, First
tip 180 may include first notch surface 190 at extension end 188, First notch
surface 190 may be disposed generally orthogonal to longitudinal axis 24.
Second leg 174 may include second base portion 192, second
extension 194, and second tip 196, Second base portion 192 may extend axaally
30 from center portion 170 at clip proximate end 182 to base end 186, Second base
portion 192 may have a generally cvlindrical shape, which may have a diameter
smaller than a diameter of holes 60. Second extension 194 may extend axially
from base end 186 to extension end 188, Second extension 194 may have a

generally cvhindrical shape, which may have a diameter smalier than a diameter
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of second base portion 192, Second tip 196 may extend axially from extension
end 188 to clip distal end 184, Second tip 196 may have a generally frusto-
conical shape, having a diameter less than a diameter of holes 60 at clip distal
end 184 and a diameter larger than a diameter of second extension 194 at

5 eoxtension end 188, Second tip 196 may mnclude second notch surface 198 at
extension end 188. Sccond notch surface 198 may be disposed generally
orthogonal to longitudinal axis 24.

To connect first clamp shell 26 with second clamp shell 28 using

clip 68, first ieg 172 of clip 68 mav pass through holes 60 in first and third hinge

10 knuckles 48, 56 such that first notch surface 190 abuts against first end surface
64 (see Figs. 2, 3). Likewise second leg 174 of clip 68 may pass through holes
60 in second and fourth hinge knuckles 50, 58 such that second notch surface
198 abuts against second end surface 66 (see Figs. 2, 3). Center portion 170 of
chip 68 may exert a spring force to bias first and sccond legs 172, 174

15 diametrically apart from each other. The spring force exerted by center portion
170 may help first and second notch surfaces 190, 198 engage with first and
second end surfaces 64, 66, respectively, to help ensure that clip 68 does not
come out from holes 60. To remove clip 68, a flat head screwdriver or other
similar toot may be used to push first and second tips 180, 196 radially inward so

20 that first and second notch surfaces 190, 198 may shide relative to first and
second end surfaces 64, 66, respectively, until first and second notch surfaces
190, 198 no longer engage with tirst and second end surfaces 64, 66,
respectively. Clip 63 may then be pulled out of holes 60 to allow first and
second clamp shells 26, 28 to be separated.

25 Fig. 7 illustrates another exemplary embodiment of clip 68. As
tHustrated 1n Fig. 7, clip 68 may include center portion 200, first leg 202, and
second leg 204. Center portion 200 may have a generaliy semi-circular shape,
which may be disposed generally orthogonal to longitudinal axis 24. First and
second legs 202, 204 may be disposed generally orthogonal to center portion 200

30 and generally parallel to longttudinal axis 24. First and sccond legs 202, 204
may extend outward from center portion 200 and may be diametrically spaced
apart from each other. First and second legs 202, 204 may have a crosg-section

smaller than a cross-sectional area of holes 60.



WO 2017/034831 PCT/US2016/046710

-15-

First leg 202 may include first body portion 206 and first tip
portion 208. First body portion 206 may extend axially from center portion 170
to first knee 210, First tip portion 208 may extend from furst knee 210 to tip end
212, Second leg 204 may mmclude second body portion 214 and second tip
5 portion 216. Sccond body portion 214 may extend axially from center portion
170 to second knee 218. Second tip portion 216 may extend from second knee
218 to tip end 212. First and sceond tip portions 208, 216 may be inclined
relative to first and second body portions 206, 214, respectively, and relative to
longitudinal axis 24 such that a diametrical distance between first and second
10 ups 220, 2272 is larger than a diametrical distance between first and second body
portions 206, 214
To connect first clamyp shell 26 with second clamp shell 28 using
clip 68, first leg 202 of clip 68 may pass through holes 60 in first and third hinge
kouckles 48, 56 such that first knee 210 projects out of hole 60 in first hinge
15 knuckle 48 adjacent to first end surface 64. Likewise second leg 204 of clip 68
may pass through holes 60 in second and fourth hinge knuckles 50, 58 such that
second knee 218 projects out of hole 60 in fourth hinge knuckle 56 adjacent to
first end surtace 64. Center portion 200 of clip 68 may exert a spring force (o
bias first and second legs 202, 204 diametrically apart from each other. The
20 spring force exerted by center portion 200 may help drive first and second body
portions 206, 214 of clip 68 radially outward to push agamst inner surfaces of
holes 60. Morcover, because the diametrical distance between first and second
tips 220, 2272 is larger than a diametrical distance between first and second body
portions 206, 214, first and second tip portions 208, 216 may prevent clip 68
25 from coming out of holes 60. To remove clip 68, a flat head screwdniver or
other similar too! may be used to push first and second tip portions 208, 216
mward so that first and second tips 220, 222 may be pushed into holes 60 i first
hinge knuckie 48 and fourth binge kouckle 58, Clip 68 may then be pulled out

of holes 60 to allow first and second clamp shells 26, 28 to be separated.

30 Industual Apnhcability

The disclosed conduit connection system may be used for
connecting tubes, pipes, hoses, and other types of conduits that carry pressurized

flmids in construction, carth moving, mining, and/or other industrial machinery.
> - &0 o
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The disclosed conduit connection system may provide several advantages. For
example, conduif connection systerm 10 may help quick connection and
disconnection of first and second conduits 12, 14, one having first coupling 16

and the other having second coupling 18. Conduit connection system 10 may

(v

make it easier to connect/disconnect first and second conduits 12, 14 because
asscrubly of clamp 20 may not require an operator to move first and sccond
conduits 12, 14. In particular, because conduit connection systern 10 includes a
two picee clamp 20 including first and second clamp shells 26, 28 that may be
placed on either side of first and second couplings 16, 18, conduit connection
10 system 10 may help cnsure that first and second conduits 12, 14 may be
connectable without the need for moving and/or orienting first and second
conduits 12, 14,
Further, condutt connection system 10 may help ensure that first
and second conduits 12, 14 reman connected even if connector 22 18
15 madvertently not mstalled, removed, or when connector 22 degrades or fails.
Specifically, first and second projections 128, 130, may engage with first and
second undercuts 30, 36, respectively, to help ensure that clamp 20 mamtains the
connection between first and second conduits 12, 14, In particular, the double
padercut feature of clamyp 20, including first and second undercuts 30, 36 may
20 allow dovetail tenon 138 of first and second couplings 16, 18 to firmly engage
with dovetail mortise 136 of first and second clamyp shells 26, 28, respectively,
when first and second conduits 12, Hcarry pressunzed fluid.
Fig. & discloses an exemplary method 800 of asserably of first

and second couplings 16, 18 and clamp 20. Method 800 may include a step of

o
[

attaching seal member 40 to first coupling 16 (Step 802). For example, one or
more seal members 40 may be attached to first coupling 16 such that the one or
maore scal members 40 are firmdv disposed within one or more grooves 32,
respectively, in first coupling 16.

Method 800 may mclude a step of mserting first coupling 16 mto
30 second coupling 18 (5tep 804). For example, first coupling 16 may be inseried
mto second coupling 18 such that shoulder outer surface 98 of first coupling 16
may be received in third counterbore 110 of second coupling 18, Inserting

shoulder outer surface 98 of first coupling 16 uxto third counterbore 110 of
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second coupling 18 may also help ensure that seal members 40 may be disposed
between grooves 32 and third counterbore 110,
Method 800 may include a step of attaching first clamp shell 26
to first and second couplings 16, 18 (Step 806). In particular, first clamp shell
5 26 may be attached to first and second couplings 16, 18 such that first projection
128 of first clamp shell 26 may be received in first uondercut 30 of first coupling
16. Further, second projection 130 of first clamp shell 26 may be inserted into
second undercut 36 of second coupling 18.
Method 800 may include a step of attaching sccond clamp shell
10 28 to first and second couplings 16, 18 (Step 808). In particular, second clamp
shell 28 may be attached to first and second couplings 16, 18 such that first
projection 128 of second clamp shell 28 may be received in first undercat 30 of
first coupling 16. Further, second projection 130 of second clamp shell 28 may
be inserted mto second undercnt 36 of second coupling 18, Attaching first and
15 second clamp shells 26, 28 i this manner may allow dovetail mortises 156 of
first and sccond hubs 46, 54 to engage with first and second undercuts 30, 36 of
first and second couplings 16, 18, respectively, to firmly attach first coupling 16
to second coupling 18,
Method 800 mayv include a step of attaching one or more
20 connectors 22 to first and second clamp shells 26, 28 (Step 810). Attaching
connectors 22 may include mserting fasteners 22 mto holes 60 of first and third
hinge knuckles 48, 56. Fasteners 22 may threadably engage with threads in one
or more of holes 60 to attach first clamp shell 26 and sccond clanmp sheli 28, In

one exemplary embodiment, attaching a connector in step 8§10 may include

o
[

mserting a first leg 202 of clip 68 through holes 60 1n first and third hinge
kauckles 48, 56 and simultancously inserting second leg 204 of ¢lip 68 through
holes 60 m second and fourth binge kouckles 50, 58. Attaching a connector in
step 810 may also inchide axially inserting clip 68 until first and second tips 180,
196 protrude out from holes 60 and notch surface 190 abuts against first and
30 second end surfaces 64, 66,

Method 800 may mclude a step of pressurizing conduit
connection system 10 (Step 812). Pressurizing conduit connection system 10
may include pressurizing the fluid m first and second conduits 16, 18,

Pressurizing conduit connection system 10, in this manner, may help push first
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and second couplings 16, 18 maally apart from each other. As first and second
couplings 16, 18 move axially apart from each other, second annular face 86 of
first undercut 30 may move towards and abut against sccond face 136 of first

projection 128, Likewise, tourth annular face 120 of second undercut 36 may

(v

move towards and abut against fourth face 148 of second projection 130. By
firnly engaging first and second projections 128, 130 with second and fourth
annular faces 86, 120, respectively, of first and second couplings 16, 15, clamp
20 may help ensure that first coupling 16 remains connected with second
coupling 18 even if connector 22 is not assembled, has been removed, or has
10 degraded or failed.

The disclosed first and second couplings 16, 18, first and second
clamp shells, 26, 28, and/or connectors 22 may be manmufactured using
conventional techniques such as, for example, stamping, casting, machiming, or
molding. Alternatively, the disclosed first and second couplings 16, 18, first and

15 second clamyp shells, 26, 28, and/or connectors 22 may be manufactared using
conventional techniques generally referred to as additive manufactunng or
additive fabrication. Known additive manufactuning/fabrication processes
mclude techniques such as, for example, 3D printing. 3D printing i a process
wherein material may be depostted 1o successive layers vader the control of a

20 computer.

For example, the computer controls additive fabrication
equipment to deposit the successive layers according to a three-dimensional
model {e.g. a digital file such as an AMF or STL file) that is configured to be

converted mto a plurality of shices, for example substantially two-dimensional

o
[

slices, that each define a cross-sectional layer of first clamp shell 26 in order to
manufacture, or fabricate, first clamp shell 26, In one case, the disclosed first
clamp shell 26 would be an original component and the 3D printing process
would be atilized to manufacture first clamp shell 26, In other cases, the 3D
process could be used to replicate an existing first clamp sheli 26 and the

30 replicated first clamp shell 26 could be sold as afiermarket parts. These
replicated aftermarket first clamp shells 26 could be etther exact copies of the
original first clamyp shell 26 or pseudo copies differing in only non-critical

aspects.



WO 2017/034831 PCT/US2016/046710

1

2

o
[

(v

0

b

20-

With reference to Fig. 9, the three-dimensional mode] 1001 used
to represent an original first clamp shell 26 may be on a computer-readable
storage medium 1002 such as, for cxample, magnetic storage mcluding tloppy
disk, hard disk, or magnetic tape; semiconductor storage such as solid state disk
{555} or flash memory; optical disc storage; magneto-optical disc storage; or
any other type of physical memory on which information or data readabic by at

cast one processor may be stored. This storage medium may be used in
connection with commercially available 3D printers 1006 to manufacture, or
fabricate, first clamp shell 26. Aliernatively, the three-dimensional model may
be transmitted clectronically to the 3D printer 1006 1n a streaming fashion
without being permanently stored at the location of the 3D printer 1006, In
cither case, the three-dimensional model constituies a digital representation of
first clamp shell 26 suitable for use in manufacturing first clamp shell 26.

The three-dimensional model may be formed in a number of
known ways. In gencral, the three-dimensional model is created by mputting
data 1003 representing first clamp shell 26 to a computer or a processor 1004
such as a cloud-based software operating syvstem. The data may then be used as
a threc-dimensional model representing the physical first clamp shell 26. The
three-dimensional model is mtended to be suitable for the purposes of
manufacturing first clamp shell 26, To an exemplary embodiment, the three-
dimensional model 1s suitable for the purpose of manufacturing first clamp shell
26 by an additive manufactunng technique.

In one embodiment depicted in Fig. 9, the mputting of data may
be achieved with a 3D scanner 1005, The method may involve contacting first
clamp shell 26 via a contacting and data receiving device and receiving data
from the contacting in order to generate the throe-dimensional model. For
cxample, 313 scanner 10035 may be a contact-type scanner. The scanned data
may be mmported nto a 3D modeling software program to prepare a digital data
set. In one embodiment, the contacting may occur via direct physical contact
using a coordinate measuring machine that measures the physical structurc of
first clamp shell 26 by contacting a probe with the surfaces of the first clamp
shell 26 i order to gencrate a three-dimensional model. In other embodiments,
the 3D scanner 1005 may be a non-contact type scanner and the method may

melude directing projected energy {e.g. light or ultrasonic) onto first clamp shell
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26 to be replicated and receiving the reflected energy. From this reflected
energy, a computer would generate a computer-readable three-dimensional
model for use in manufacturiog first clarap shell 26, In various embodiments,
multiple 2D images can be used to create a three-dimensional model. For
5 oxample, 2D shices of a 3D object can be combined to create the three-
dimensional model. In licu of a 3D scanner, the inputting of data may be done
using computer-aided design (CAD) software. In this case, the three-
dimensional model may be formed by generating a virtual 3D model of the
disclosed first clamp shell 26 using the CAD sofiware. A three-dimensional
10 model would be gencrated from the CAD virtual 31 model in order to
manufacture the first clamp shell 26,
The additive manufacturing process utilized to create the
disclosed tirst coupling 16 may involve materials such as plastic, rubber, metal,
eic. In some embodiments, additional processes may be performed to creaie a
15 finished product. Such additional processes may melude, for example, one or
more of cleaning, bardening, heat treatment, material removal, and polishing.
Other processes necessary to complete a finished product may be performed in
addition to or in Heu of these identified processes. Although the exemplary
additive manufactaring process in ¥ 56-60 has been described with reference to
20 first clamp shell 26, the disclosed additive manufacturing process can also be
used to manufacture one or more of first coupling 16, second coupling 18,
second clamp shell 2§, fastener 22, and clip 68,
It will be apparent to those skilled in the art that various

modifications and variations can be made to the disclosed condwuit connection

o
[

system. Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the disclosed conduit
connection systent. 1t 1s intended that the specification and examples be
considered as exemplary only, with a true scope being indicated by the following

claims and their equivalents.
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Claims
I. A conduit connection system (10}, comprising;

a first coupling (16} connected to a first conduit {12}, the first

coupling having a first undercut (30);
3 a second coupling (18) connected to a second conduit (14), the

second coupling having a second undercut (36);

a clamp (20) inclading:

a first projection (128) configured to be received mn the first
undercut; and

16 a second projection (130} configured to be received in the second

undercut; and

a connector (22) configured to engage with the clamp to connect

the first coupling and the second coupling.

15 2. The conduit connection system of claim 1, wherein the
clamp mchudes:
a first clamp shell (26); and
a second clamp shell (28), the connector being configured to
attach the first clamp shell and the second clamp shell.
20

3. The conduit commection system of claim 2, wherein the
first clamp shell includes:

a first hub (46);

a first hinge knuckle {48) extending radially outward from the

25 first hub, the first hinge knuckle mcluding a first hole (60); and

a second binge knuckle (50) extending radially outward trom the
first hub, the first hinge knuckle and the second hinge knuckie being disposed on
opposite sides of the first hub, the second hinge kauckle mcluding a second hole
{60}, at least one of the first hole and the second hole being configured to receive

30  the connector.

4. The conduit connection system of claim 3, wherein
the first hub extends axially from a clamp proximate end (42} to a

clamp distal end (44);
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the first hinge knuckle extends axially from the clamp proximate
end to adjacent a clamp mtermediate point {52} disposed between the clamp
proximate cnd and the clamp distal end; and

the second hinge knuckle extends axially from adjacent the clamp

5 mtermediate point to the clamp distal end.

5. The conduit connection system of claim 4, wherein the
second clamp shell includes:
a second hub (54);
16 a third hinge konuckle (56) extending radially outward from the
second hub, the third hinge knuckle mcluding a third hole (60); and
a foorth hinge knuckle (58) extending radially outward from the
second hub, the fourth hinge knuckie including a fourth hole (60), the third hinge
kauckle and the fourth hinge knuckle being disposed on oppostte sides of the
15 second hub, at least one of the third hole and the fourth hole being configared to

recetve the connector.

6. The conduit connection system of claim 5, wherein
the second hub extends maally from the clamp proximate end to
20 the clamp distal end;
the third binge kouckle extends axially from the clamp distal end
to adjacent the clamp mmtermediate point; and
the fourth hinge knuckle extends axially from the clamp

proximate oend to adjacent the clamp intermediate point.

7. The conduit comnection system of claim 6, wherein

the first hinge knuckle abuts against the third hinge kmuckle such
that the first hole and the third hole are substantially axially aligned; and

the second hinge kuuckle abuts against the fourth hinge knuckle

30 such that the second hole and the fourth hole are substantially axaally aligned.

8. The conduit connection system of claim 7, wherein:
the connector is a first fastener and the conduit connection system

mchides a second fastener;
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at least one of the first hole and the third hole is tapped to
threadingly engage with the first fastener; and
at least one of the second hole and the fourth hole is tapped to

threadingly engage with the second fastener.

9. The conduit connection system of claim 1, wherein

the second coupling includes a counterbore (110} contigured to
receive the first coupling:

the first coupling includes a groove {32} axially separated from
the first undercut; and

a seal member (40) 15 disposed in the groove between an outer

surface {98) of the first coupling and the counterbore.

10. A clamp shell (26), compusing:

a hub {46} extending from a clamp proximate end (42} to a clamp
distal end {44}, the hub having a generally semi-cylindrical shape disposed about
a longitudinal axis (24);

a tirst hinge knuckle (48) extending radially outward from the
hub;

a second hinge knuckle (50} extending radially outward from the
hub, the first hinge knuckle and the second hinge knuckie being disposed on
opposite sides of the hub;

a first projection {128) extending radially inward from the hub
adjacent the clamp proximate end;

a second projection (130} extending radially mward from the hub
adjacent the clamyp distal end,

a first hole (60} disposed in the first hinge knuckle; and

a second hole (60) disposed in the second hinge knuckle.
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