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TUBE JOINTS, BRAZED TUBE JOINT
ASSEMBLIES, AND METHODS OF MAKING
TUBE JOINTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to joining tech-
niques, and more particularly to centering and retaining tube
joint members for fixation such as with or without materials
like solder, braze and/or welding.

2. Description of Related Art

[0002] Joining typically involves fixation of parts to one
another, generally inserting a portion of one part into the
other part in a press-fitting, welding, soldering, or brazing
technique. Press-fitting technique rely on the pressure of
abutting surfaces of the parts form the joint between the
parts. Welding generally involves fusing material from
either (or both) parts to one another to form a joint between
the parts. Soldering and brazing typically involve flowing
solder or braze between adjacent surfaces of the parts which,
once solidified, forms a joint between the parts.

[0003] One challenge to joining is centering and retaining
the part to another. In some assemblies joining is accom-
plished by knurling the surface of part to be inserted to the
other. Knurling locally deforms the surface of the part such
that ridges circumferentially spaced apart from one another
by depressions are defined about the part surface. In the case
of thin-walled tubular parts fixed by solder or braze knurling
locally thins and thickens tube wall, the thickened portions
channelizing the solder or braze through the thinned sections
to form the joint once solidified. Knurling parameters can
require careful control to limit the localized thinning and
thickening, particularly on thin-walled structures, and radio-
graphic inspection can be necessary to access coverage.
[0004] Such conventional methods and systems have gen-
erally been considered satisfactory for their intended pur-
pose. However, there is still a need in the art for improved
tube joints, tube joint assemblies, and methods of making
brazed assemblies. The present disclosure provides a solu-
tion for this need.

SUMMARY OF THE INVENTION

[0005] A tube joint includes a first member and a second
member. The first member has a bore defining an inner
diameter. The second member has a first outer surface
defining a first outer diameter with two or more helical
protrusions extending radially from the first outer diameter.
[0006] The two or more helical protrusions collectively
define a second outer diameter. The second outer diameter of
the second member is larger than the inner diameter of the
first member by an amount sufficient to center and retain the
second member within the bore of the first member.

[0007] In certain embodiments the second member can
have a helical bottom land surface. The helical bottom land
surface can be adjacent to one of the helical protrusions. Two
of the helical protrusions can be circumferentially spaced
apart from one another by the helical bottom land surface.
[0008] In accordance with certain embodiments the sec-
ond member can have a circumferential bottom land surface.
The circumferential bottom land surface can be adjacent to
one of the helical protrusions. Two of the helical protrusions
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can be axially spaced apart from one another by the circum-
ferential bottom land surface. The circumferential bottom
land surface and the helical land surface can be arranged on
a common diameter.

[0009] It is contemplated that a braze alloy element can be
coupled to the second member. The braze alloy element can
be adjacent to the helical protrusions. Braze alloy can fix the
second member within the bore of the first member. A
surface of the second member having the two or more helical
protrusions is unknurled.

[0010] A tube joint assembly includes a tube joint as
described above. Two of the helical protrusion are circum-
ferentially spaced apart from one another by a helical bottom
land surface. Two of the helical protrusions are axially
spaced apart from one another by a circumferential bottom
land surface. The helical bottom land surface and the cir-
cumferential bottom land surface are arranged on a common
diameter. Interference between the helical protrusion and
bore of the first member can fix the second member within
the bore of the first member. A weld can fix the second
member within the bore of the first member. Solder can fix
the second member within the bore of the first member. A
braze alloy can fix the second member within the bore of the
first member. It is contemplated that a braze alloy element
can be coupled to the second member and adjacent to the
two or more helical protrusions.

[0011] A method making a tube joint includes defining in
an outer surface a first outer diameter having a plurality of
helical protrusions extending radially from the first outer
diameter of a member. A second outer surface is defined
such that the helical protrusions collectively define a second
outer diameter, the second diameter larger than the inner
diameter by an amount sufficient to center and retain the
member within the inner diameter of another member.
[0012] In certain embodiments a helical bottom land sur-
face can be defined in the member using a first turning or
milling operation. A circumferential bottom land surface can
be defined using a second turning or milling operation. A
braze alloy element can be coupled to the member at a
location adjacent to the plurality of helical protrusions. The
member can be centered and retained within a bore of
another member. Molten braze or solder can be flowed
across the helical bottom land surfaces and/or the circum-
ferential bottom land surfaces. The molten braze or solder
can there after solidify between the helical protrusions to fix
the member within the other member.

[0013] These and other features of the systems and meth-
ods of the subject disclosure will become more readily
apparent to those skilled in the art from the following
detailed description of the preferred embodiments taken in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that those skilled in the art to which the subject
disclosure appertains will readily understand how to make
and use the devices and methods of the subject disclosure
without undue experimentation, embodiments thereof will
be described in detail herein below with reference to certain
figures, wherein:

[0015] FIG. 1is an exploded partially cross-sectional view
of an exemplary embodiment of a cylindrical tube joint
constructed in accordance with the present disclosure, show-
ing a second member and braze alloy element exploded
away from the bore of a first member;
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[0016] FIG.2 is a perspective end view of second member
of FIG. 1, showing circumferential bottom land surfaces
being defined on the second member in a turning or milling
operation;

[0017] FIG. 3 is a side elevation view of the second
member of FIG. 1, shown helical protrusions and helical
bottom land surfaces being defined on the second member in
a turning or milling operation;

[0018] FIG. 4 is a perspective end view of the second
member of FIG. 1, showing a plurality of helical protrusions,
helical bottom land surfaces, and circumferential bottom
land surfaces defined on the second member;

[0019] FIG. 5 is a perspective partially cross-sectional end
view of an exemplary embodiment of a tube joint con-
structed in accordance with the present disclosure, showing
the first end of a second member fixed within the bore of the
first member by a braze alloy; and

[0020] FIGS. 6-8 are a perspective partially cross-sec-
tional end view of an exemplary embodiment of a tube joint
constructed in accordance with the present disclosure, show-
ing the first end of a second member fixed within the bore
of the first member by an interference fit, solder, and a weld.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0021] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purposes of
explanation and illustration, and not limitation, a partial
view of an exemplary embodiment of a cylindrical type tube
joint in accordance with the disclosure is shown in FIG. 1
and is designated generally by reference character 100.
Other embodiments of tube joints, brazed tube joint assem-
blies, and methods of making brazed tube joints in accor-
dance with the disclosure, or aspects thereof, are provided in
FIGS. 2-8, as will be described. The systems and methods
described herein can be used to make brazed tube joint
assembles, like fuel nozzles for gas turbine engines, though
the present disclosure is not limited to fuel nozzles or tube
joint assemblies in general.

[0022] Referring to FIG. 1, tube joint 100 is shown in an
exploded view. Tube joint 100 includes a first member 104
and a second member 102. First member 104 has a bore 116
defining an inner diameter 118. Second member 102 has a
first outer surface 134/136 defining a first outer diameter 140
(shown in FIG. 3) with two or more helical protrusions 132
extending radially from first outer diameter 140. The two or
more helical protrusions 132 collectively define a second
outer diameter 138 (shown in FIG. 3) that is larger than inner
diameter 118 of first member 104 by an amount sufficient to
center and retain the second member within bore 116 of the
first member 104.

[0023] First member 104 defines an defines an axis 106
and has first end 108 and a second end 110. First end 108 is
open to the external environment through an aperture 114 (in
an unassembled state). It is contemplated that first member
104 be constructed of a metallic material 120. Metallic
material 120 can include steel, a nickel-based alloy, brass or
copper by way of non-limiting examples. Although shown
as a blind bore 116, it is to be understood and appreciated
that bore 116 can extend through an aperture (not shown)
located on second end 110.

[0024] Second member 102 a first end 122 and a second
end 124 and is formed from a metallic material 126. Metallic
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material 126 can include steel, a nickel-based alloy, brass or
copper by way of non-limiting examples. In the illustrated
exemplary embodiment second member 102 has both a large
diameter segment 128 and a small diameter segment 130.
Large diameter segment 128 has a diameter that is greater
than internal diameter 118 of first member 104, is arranged
on second end 124, and is axially adjacent to small diameter
segment 130. Though illustrated as having both a large
diameter segment 128 and a small diameter segment 130, it
is to be understood and appreciated that second member 102
can be a singular tube segment having a constant diameter
with centering and retention features machined into the
constant diameter of the singular tube segment. Further,
although described herein as tube member, it is to be
appreciated and understood that non-tubular structures can
also benefit from the present disclosure, such as rod-like and
non-circular structures.

[0025] Helical protrusions 132, helical bottom land sur-
faces 134, and circumferential bottom land surfaces 136 are
defined on small diameter segment 130. Helical bottom land
surfaces 134 are adjacent to circumferentially adjacent heli-
cal protrusions 132. Circumferential bottom land surfaces
are adjacent to axially adjacent helical protrusions 132. It is
contemplated that helical bottom lands surfaces 134 and
circumferential bottom land surfaces 136 be arranged on a
common diameter, e.g., first outer diameter 140 (shown in
FIG. 3). It is also contemplated that first outer diameter 140
and the second outer diameter 138 be defined by an
unknurled surface, such as a surface defined using a turning
or milling operation.

[0026] Tube joint 100 is assembled by coupling a braze
alloy element 144 to first end 122 of second member 102.
Braze alloy element 144 includes a braze material 146
selected such that, when molten, braze material 146 flows by
capillary action into a gap between second member 102 and
first member 104. In the illustrated exemplary embodiment
braze alloy element 144 has an annular shape and seats about
circumferential bottom land surface 136. It is contemplated
that braze alloy element 144 can alternatively (or addition-
ally) include a braze paste or a braze foil having braze
material 146, as suitable for an intended application.
[0027] With reference to FIGS. 2-4, circumferential bot-
tom land surfaces 136 (shown in FIG. 1), helical bottom land
surfaces 134 (shown in FIG. 1), and helical protrusions
(shown in FIG. 1) are shown being formed on the outer
surface of second member 102. Referring to FIG. 2, second
member 102 is shown undergoing a first turning or milling
operation. First end 122 of second member 102 is turned to
define a plurality of circumferential bottom land surfaces
152-156 and a plurality of annular 148-150. In the illustrated
exemplary embodiment first end 122 is turned down from a
relatively large diameter defined (shared by second end 124)
such that a first annulus 148 and a second annulus 150 are
defined along first end 122. Once turned first annulus 148
and second annulus 150 have diameters corresponding to
second outer diameter 138 (shown in FIG. 3).

[0028] The first turning or milling operation defines a first
circumferential bottom land surface 152. First circumferen-
tial bottom land surface 152 is defined axially between
second end 124 and first annulus 148. The first turning or
milling operation also defines a second circumferential
bottom land surface 154. Second circumferential bottom
land surface 154 is defined axially between first annulus 148
and second annulus 150. One or more third circumferential
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bottom land surface 156, third circumferential bottom land
surface 156 defined between second annulus 150 and the end
of'second member first end 122. Although two annuluses are
shown in the illustrated exemplary embodiment it is to be
understood and appreciated that second member 102 can be
formed with a single annulus or more than two annuluses, as
suitable for an intended application.

[0029] Referring to FIG. 3, a second turning or milling
operation is shown. The second turning or milling operation
removes material from first annulus 148 and second annulus
150 by tracing a helical path along second member 102. This
defines a first helical bottom land surface 160 and a second
helical bottom land surface 162 along small diameter seg-
ment 130. Material removal during the second turning or
milling operation occurs along a helical path (shown by the
arrow) that causes the first helical bottom land surface 160
to be bounded axially by third circumferential bottom land
surface 156 and second circumferential bottom land surface
154, and circumferentially by first annulus 148. Material
removal during the second turning or milling operation also
causes the second helical bottom land surface 162 to be
bounded axially be second circumferential bottom land
surface 154 and first circumferential bottom land surface
152, and circumferentially by second annulus 150.

[0030] It is contemplated that first helical bottom land
surface 160 and second helical bottom land surface 162 each
be cut in a turning or milling operation, such as by using the
same lathe used to define first circumferential bottom land
surface 152, second circumferential bottom land surface
154, and third circumferential bottom land surface 156. As
will appreciated, using a common lathe can reduce the
number of setup operations otherwise needed to form the
helical protrusions 132 on second member 102 for centering
and retaining second member 102 in first member 104.

[0031] As shown in FIG. 4, once first helical bottom land
surface 160 and second helical bottom land surface 162 are
defined, additional helical bottom land surfaces are defined
within first annulus 148 (shown in FIG. 3) and second
annulus 150 (shown in FIG. 3) about the circumference of
second member 102. In this respect a third helical bottom
land surface 166 and fourth helical bottom land surface 168
are defined through first annulus 148, thereby defining a
plurality of helical protrusions 132 arranged on a first
common circumference, e.g., a common circumference
defined by second outer diameter 138 (shown in FIG. 3). In
the illustrated exemplary embodiment, a fifth helical bottom
land surface 172 and a sixth helical bottom land surface 174
are defined through second annulus 150, thereby defining a
plurality of helical protrusions 132 arranged of a second
common circumference and separated from the plurality of
helical protrusions 132 arranged on the first common cir-
cumference by second circumferential bottom land surface
154.

[0032] With reference to FIG. 5, a brazed tube joint
assembly 200 is shown in a partially cross-sectional view.
Brazed tube joint assembly 200 includes tube joint 100.
Tube joint 100 is formed by the plurality of helical protru-
sions 132 defined on small diameter segment 130, which
define an interference fit between first member 104 and
second member 102, and braze material 146. Braze material
146 is disposed between circumferentially adjacent helical
protrusions 132 and fixes and second member 102 within
bore 112 of first member 104.
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[0033] Referring to FIGS. 6-8, although described in terms
of a brazed tube joint it is contemplated that helical protru-
sions 132 can be used to fix second member 102 within bore
112 of first member 104 without the use of braze. For
example, as shown in FIG. 6, solder 346 can be used to fix
second member 102 within bore 112 of first member 104,
helical protrusions 132 of tube joint 100 centering and
retaining second member 102 within bore 112 of first
member 104 during heating and movement of solder 346
into tube joint 100 and between adjacent surfaces via
capillary action. Alternatively, as shown in FIG. 7, a weld
446 can be used to fix second member 102 within bore 112
of first member 104, helical protrusions 132 of tube joint 100
centering and retaining second member 102 within bore 112
of first member 104 during the application of heat sufficient
to fuse material to form weld 446. It is also contemplated
that, as shown in FIG. 8, an interference fit 546 between
helical protrusions 132 and bore 112 can be used to fix
second member 102 within bore 112 of first member 104,
helical protrusions 132 centering and retaining alignment of
second member 102 relative to first member 104 during a
press-fitting process.

[0034] As will be appreciated by those of skill in the art in
view of the present disclosure, raised features defined on
second member can used to center and retain tube joint
elements during joining operations like soldering, brazing,
or welding. The features can be defined using a knurling
operation, such as a straight knurl, which can form ridges
about the surface of one of the elements with valleys
between circumferential ridges. The ridges can engage an
overlaying surface while the valleys serve to channelize
braze as the braze flows through the valleys to fix the tube
joint elements to one another.

[0035] While generally satisfactory, knurling can require
very specific knurling parameters. For example, the pressure
exerted by the knurling tool can require careful control as
pressing the knurling tool deeply into the part, distorting the
part and creating knurl valleys which can potentially cause
voids in the brazed joints subsequently formed over the
knurled area. To ensure uniformity and inspect for voiding,
x-ray inspection of the non-concentric features and valleys
formed during the knurling process.

[0036] In embodiments described herein helical protru-
sions are defined into the outside diameter of the second
member. The helical protrusions are formed with a diameter
large enough to create interference with the female joint
member when press fit into the female joint member, thereby
centering and retaining the second member within the bore
of the first member. Helical bottom land surfaces are defined
between circumferentially adjacent helical protrusions to
channelize molten braze alloy flowing between circumfer-
entially adjacent helical protrusions to ensure that the molten
braze alloy suitably covers adjacent surfaces of the first
member and the centered and retained second member.

[0037] Inaccordance with certain embodiments the helical
protrusions can be formed using a lathe. In this respect the
second member can be turned to define an annulus extending
about the second member having an outer diameter suitable
for press fitting the second member in the first member, the
annulus bounded on axially opposite sides by first and
second circumferential bottom land surfaces. Helical
grooves are then defined through the annulus using the lathe,
the helical grooves defining helical bottom lands between
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circumferentially adjacent helical protrusions to channelize
molten braze alloy flowing between the helical protrusions.
[0038] The methods and systems of the present disclosure,
as described above and shown in the drawings, provide for
tube joints with superior properties with superior properties
including helical protrusions suitable for centering and
retaining second members in first members without knurling
the second member. In certain embodiments unknurled
surfaces have no valleys that can otherwise lead to braze
voids within tube joints formed from the centered and
retained second member and first member, improving reli-
ability of the tube joint, and potentially reducing the need to
x-ray inspect the tube joint assembly for braze voids. While
the apparatus and methods of the subject disclosure have
been shown and described with reference to preferred
embodiments, those skilled in the art will readily appreciate
that changes and/or modifications may be made thereto
without departing from the scope of the subject disclosure.

What is claimed is:

1. A tube joint, comprising:

a first member having a bore defining an inner diameter;

and

a second member with a first outer surface defining a first

outer diameter having a plurality of helical protrusions
extending radially from the first outer diameter, a
second outer surface on each of the plurality of pro-
trusions collectively defining a second outer diameter,
wherein the second diameter larger than the inner
diameter by an amount sufficient to center and retain
the second member within the bore of the first member.

2. The tube joint as recited in claim 1, wherein the second
member has a helical bottom land surface adjacent to one of
the helical protrusions.

3. The tube joint as recited in claim 1, wherein the second
member has a circumferential bottom land surface adjacent
to one of the helical protrusions.

4. The tube joint as recited in claim 1, wherein two of the
helical protrusion are circumferentially spaced apart from
one another by a helical bottom land surface.

5. The tube joint as recited in claim 1, wherein first and
second helical protrusions are axially spaced apart from one
another by a circumferential bottom land surface.

6. The tube joint as recited in claim 1, wherein the first
helical bottom land surface and the circumferential bottom
land surface are arranged on a common diameter.

7. The tube joint as recited in claim 1, further comprising
a braze alloy element coupled to the second member adja-
cent to the two or more helical protrusions.

8. The tube joint as recited in claim 1, further comprising
a braze alloy fixing the second member within the bore of
the first member.

9. The tube joint as recited in claim 1, wherein a surface
of the second member having the two or more helical
protrusions is unknurled.
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10. The tube joint as recited in claim 1, wherein the
second member is fixed within a bore of a first member by
solder, a weld, or an interference fit defined between the
plurality of helical protrusions and the bore.

11. A tube joint assembly, comprising:

a tube joint as recited in claim 1, wherein two of the
helical protrusion are circumferentially spaced apart
from one another by a helical bottom land surface,

wherein two of the helical protrusions are axially spaced
apart from one another by a circumferential bottom
land surface,

wherein the first helical bottom land surface and the
circumferential bottom land surface are arranged on a
common diameter.

12. The tube joint as recited in claim 11, further compris-
ing a braze alloy element coupled to the second member and
adjacent to the two or more helical protrusions.

13. The tube joint as recited in claim 11, further compris-
ing a braze alloy fixing the second member within the bore
of the first member.

14. The tube joint as recited in claim 11, further compris-
ing solder, a weld, or an interference fit between the helical
protrusions and the bore fixing the second member within
the bore of the first member.

15. A method of making a tube joint, comprising:

defining in an outer surface of a member a first outer
diameter having a plurality of helical protrusions
extending radially from the first outer diameter; and

defining a second outer surface on each of the plurality of
helical protrusions, the plurality of helical protrusions
collectively defining a second outer diameter, the sec-
ond diameter being larger than the inner diameter by an
amount sufficient to center and retain the member
within the bore of another member.

16. The method as recited in claim 15 wherein defining
the first outer diameter includes defining a helical bottom
land surface in the member using a turning or milling
operation.

17. The method as recited in claim 15, wherein defining
the first outer diameter includes defining a circumferential
bottom land surface in the member using a turning or milling
operation.

18. The method as recited in claim 15, further comprising
coupling a braze alloy element on the member at a location
adjacent to the plurality of helical protrusions.

19. The method as recited in claim 15, wherein the
member is a first member, and further comprising centering
and retaining the first member within a bore of a second
member.

20. The method as recited in claim 15, further comprising
flowing molten braze between the helical protrusions.
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