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(57) ABSTRACT

A welded assembly includes a first sheet and a second sheet.
The second sheet is disposed over a portion of the first sheet
and defines an overlap portion between the first and second
sheets. A weld fastening the second sheet to the first sheet in
the overlap area connects the second sheet to the first sheet
for distributing stress uniformly across a welded portion of
the overlap area.
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WELDED ASSEMBLIES AND METHODS OF
MAKING WELDED ASSEMBLIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 14/492,663 filed Sep. 22, 2014, and claims the
benefit of an earlier filing date from U.S. Provisional Appli-
cation No. 61/881,623 filed Sep. 24, 2013, the entire dis-
closure of which are incorporated herein by reference.

BACKGROUND

[0002] The present disclosure relates to welded assem-
blies, and more particularly to welded joints for coupling hot
sheets and cold sheets such as in hot sections of gas turbine
engines.

[0003] Gas turbine engine hot section interiors can operate
at extremely high temperatures. They typically include a
liner that is directly exposed to a flow of hot combustion
gases during engine operation for extended periods. The
liner, i.e. a hot sheet, is typically a sheet metal structure
surrounding the combustion flow space aft of where fuel and
oxidizer flows are mixed and ignited prior to being passed to
the turbine section. In certain engines an outer liner, e.g. a
cold sheet, envelopes the hot sheet. The cold sheet is spaced
away from the hot sheet such that a plenum is defined
between the outer surface of the hot sheet and the inner
surface of the cold sheet. Working fluid, typically air, is
extracted from the compressor section of the engine and
flows through the plenum between the cold sheet and the hot
sheet for purpose cooling the hot sheet.

[0004] The hot sheet requires structure to fix the hot sheet
within the engine. Generally, hot sheets couple to engine
structure using sheet metal structures attached the hot sheet
outer surface. In hot sections including cold sheet and hot
sheet portions, these sheet metal structures extend through
the plenum and form joints on opposite ends at the inner
surface of the cold sheet and outer surface of the hot sheet.
Because the stress imposed on the coupling structure, the
respective joints on the cold sheet and hot ends are generally
formed by a brazing process. Due to extreme temperatures
and materials from the cold, hot sheet, and coupling body are
constructed theses brazes are typically relatively costly
nickel or gold-nickel brazes.

[0005] Conventional brazed joints have generally been
considered satisfactory for their intended purpose. However,
there is a continuing need to reduce cost and complexity of
engine manufacture. There also remains a need for light-
weight joints for applications such as those described above.
The present disclosure provides a solution for these prob-
lems.

BRIEF DESCRIPTION

[0006] A welded assembly includes a first sheet and a
second sheet. The second sheet is disposed over a portion of
the first sheet and defines an overlap portion between the
first and second sheets. A weld in the overlap area connects
the second sheet to the first sheet. The weld is configured and
adapted for reducing peak stress and smoothing the stress
distribution within the weld and overlap area of the sheets.
[0007] In certain embodiments, the second sheet is a
coupling member for supporting a liner in a gas turbine
engine hot section. The first sheet can be a hot sheet of a gas
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turbine hot section. The first sheet can be a cold sheet
associated with a gas turbine hot section. A Z-band coupling
a hot sheet to a cold sheet of a gas turbine engine can form
the second coupling member. The welded assembly can
form a lap joint coupling the first and second sheets to one
another.

[0008] In accordance with certain embodiments, the weld
includes a weld line tracing a linear shape in the overlay
area. In accordance with certain embodiments, this can
include a weld line tracing an arcuate segment in the overlay
area. The weld can further include second and a third arcuate
weld line segment disposed on opposite ends of the first
arcuate weld line segment wherein the second and third
segments have different curvatures from the first arcuate
segment.

[0009] It is contemplated that the weld can include a weld
line tracing an elliptical segment in the overlay area. The
second sheet can include a laterally extending bend line
extending parallel to the major axis of the ellipse. The
elliptical segment can open in a direction opposite the bend
line. A distance between the weld line and the bend line can
be about a quarter the length of the minor radius of the
ellipse. An end of the weld line can be offset from a lateral
edge of the second sheet by a distance about one and a half
times the minor radius of the ellipse. The elliptical weld line
segment can be centered with respect to a loading axis of the
second sheet.

[0010] A gas turbine hot section includes a welded assem-
bly as described above. The first sheet is a combustion gas
space liner and the second sheet is a z-band for coupling the
liner within the engine. The weld includes a weld line tracing
an elliptical segment in the overlap area, and the second
sheet includes a laterally extending bend line parallel to the
major axis of the ellipse such that the elliptical segment
opens in direction opposite the bend line. A distance between
the weld line and the bend line is about a quarter the length
of the minor radius of the ellipse and a distance between an
end of the elliptical segment and a lateral edge of the second
sheet is about one and a half times the length of the minor
radius of the ellipse. The elliptical segment is centered with
respect to a loading axis of the second sheet.

[0011] A method of forming the welded assembly
described above includes overlapping a portion of the first
sheet with the second sheet and forming a weld fastening the
first sheet to the second sheet by tracing an elliptical weld
line in the overlap area. The weld is formed using a laser
welding process.

[0012] It is contemplated that the second sheet includes a
bend line and the method include defining the weld line an
offset distance about a quarter of the minor radius of the
ellipse. The weld line can be offset by about one a half times
the minor radius of the ellipse from an edge of the second
sheet.

[0013] The foregoing features and elements may be com-
bined in various combinations without exclusivity unless
expressly indicated otherwise. These features and elements,
as well as the operation thereof, will become more apparent
in light of the following description and the accompanying
drawings. It should be understood, however, that the fol-
lowing description and drawings are intended to be exem-
plary in nature and non-limiting.
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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, preferred embodiments
thereof will be described in detail herein below with refer-
ence to certain figures, wherein:

[0015] FIG. 1 is a partial cross-sectional side view of an
exemplary embodiment of a gas turbine engine, showing the
engine hot section;

[0016] FIG. 2 is a cross-sectional side view of a portion of
a hot sheet coupled to a cold sheet, showing a coupling
extending between the hot sheet and the cold sheet;

[0017] FIG. 3A s perspective view of a lap joint, showing
a linear weld;
[0018] FIG. 3B is a plan view of the weld of FIG. 3A,

showing a linear weld line;

[0019] FIG. 3C is a contour map showing stress distribu-
tion in the lap joint of FIG. 3A, showing peak stress points
in opposing ends of the weld and stress distribution in the
joint;

[0020] FIG. 4A is perspective view of a second lap joint,
showing an arcuate weld;

[0021] FIG. 4B is a plan view of the weld of FIG. 4A,
showing an arcuate weld line;

[0022] FIG. 4C is a contour map showing stress distribu-
tion in the lap joint of FIG. 4A, showing peak stress
locations and stress distribution associated with a load
applied to the assembly;

[0023] FIG. 5A is perspective view of a third a lap joint,
showing an elliptical weld;

[0024] FIG. 5B is a plan view of the weld of FIG. 5A,
showing an elliptical weld line;

[0025] FIG. 5C is a contour map showing stress distribu-
tion in the lap joint of FIG. 5A, showing peak stress points
and stress distribution in the joint; and

[0026] FIG. 6 is a chart showing relative stress for a load
within the linear weld, arcuate weld, and elliptical weld of
FIG. 3A, FIG. 4A, and FIG. 5A, respectively.

DETAILED DESCRIPTION

[0027] 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 gas turbine engine
including a lap joint in accordance with the disclosure is
shown in FIG. 1 and is designated generally by reference
character 100. Other embodiments of lap joints in accor-
dance with the disclosure, or aspects thereof, are provided in
FIGS. 2-6, as will be described. The systems and methods
described herein can be used in lap joints for supporting
combustion gas space liners in gas turbine engines, such as
at hot sheet and cold sheet connections for example.

[0028] With reference to FIG. 1, a gas turbine engine 10 is
shown. Gas turbine engine 10 includes low-pressure spool
12 and a high-pressure spool 14. Low-pressure spool 12
includes a low-pressure compressor 16 and low-pressure
turbine 18 connected by low-pressure shaft 20. High-pres-
sure spool 14 includes a high-pressure compressor 22 and
high-pressure turbine 24 connected by high-pressure shaft
26. A fan 28 connects to low-pressure shaft 20. A hot section
30/18/24 extends between a combustor 30 and a low-
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pressure turbine 18, and includes high-pressure turbine 24.
In the illustrated embodiment, hot section 30/18/24 of gas
turbine engine 10 includes an augmenter 32. The general
construction and operation of gas turbine engines is under-
stood in the art, and therefore detailed discussion here is
unnecessary.

[0029] Working fluid enters low-pressure compressor 16
and is compressed by low-pressure compressor 16. The
working fluid then enters high-pressure compressor 22,
which further compresses the working fluid. The working
fluid then enters combustor 30 where it is mixed with fuel
and ignited, forming hot high-pressure combustion gases.
The working fluid thereafter flows through high-pressure
turbine 24 and low-pressure turbine 18 which expand the
working fluid, extracting work, and rotating low-pressure
shaft 20, high-pressure shaft 26 and fan 28 about a rotation
axis A. Rotation of the low-pressure shaft and high-pressure
shaft 26 compresses working fluid flowing through the
engine and rotation of fan 28 provides thrust to a vehicle
coupled to gas turbine engine 10, such as an aircraft.
Additional fuel can be added to combustion gases exiting
low-pressure turbine 18 in augmenter 32, generating addi-
tional thrust and exposing engine structure within augmenter
32 to extremely high temperatures.

[0030] With reference to FIG. 2, a portion of hot section
30/24/18 is shown. Hot section 30/24/18 includes an interior
liner 50 (e.g. a hot sheet), an exterior liner 52, and a coupling
member 54. Interior liner 50 is a hot sheet and is bounded
on one side by a hot gas space 56. Exterior liner 52 is a cold
sheet and substantially envelopes interior liner 52 for sepa-
rating engine components (shown in FIG. 1) from combus-
tion gas space 56. Interior liner 50, exterior liner 52 and
coupling member 54 are constructed from a material suitable
for extreme temperature environments such as a nickel alloy.
One such alloy is Inconel®, available from Inco Alloys
International, Inc. of Huntington, W. Va.

[0031] A coolant plenum 58 is defined between interior
liner 50 and exterior liner 52. Coolant plenum 58 is bounded
by an inner surface 60 of exterior liner 52 and an outer
surface 62 of interior liner 50. Coolant plenum 58 is fluidly
coupled to a coolant source, e.g. low-pressure compressor
16 or high-pressure compressor 22, and is configured and
adapted direct coolant extracted from the coolant source
across outer surface 62 for purposes of cooling interior liner
50. In the illustrated embodiment, a coolant flow enters
coolant plenum 58 through an inlet 64 defined in exterior
liner 52 fluidly coupled to the coolant source and is distrib-
uted about outer surface 62 of interior liner 50. Coolant
flows from coolant plenum 58 into combustion gas space 56
through at least one channel defined in interior liner 50,
thereby providing a coolant boundary layer adjacent an
interior surface 66 of interior liner 50. This allows for
operating hot section 18/24/30, and in engines so equipped,
augmenter 32, with an interior temperature above the tem-
perature at which the mechanical properties of the material
of which interior liner 50 are stable. As will be appreciated
by those skilled in the art, other configurations are possible
within the scope of the present disclosure.

[0032] Coupling member 54 couples interior liner 50 to
exterior liner 52. Coupling member 54 has a sheet-like
structure and includes a plurality of folds 68 along its
longitudinal length between outer surface 62 of interior liner
50 and interior surface 60 of exterior liner 52. With reference
to fold 68 adjacent outer surface 62 of interior liner 50, fold
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68 defines a terminal portion 70 of coupling member 54
disposed over outer surface 62 of interior liner 50. In the
illustrated embodiment, coupling member 54 is a Z-band. As
will be appreciated by those skilled in the art, coupling
members of other types are within the scope of the present
disclosure, such as an S-band 74 or differently shaped
coupling member (also shown in FIG. 2).

[0033] With reference to FIG. 3A, a lap joint formed by
welded assembly 100 is shown. Liner 50 forms a first sheet
102. A terminal portion of coupling member 54 forms a
second sheet 104 disposed a portion of first sheet 50. An
overlap region 106 is defined within the boundaries of first
sheet 50 between first and second sheets 50 and 70. A weld
108 defined within overlap region 106 couples second sheet
104 to first sheet 102. Welded assembly 100 is formed from
first sheet 102, second sheet 104 and a linear weld 108 joins
coupling member 54 to interior liner 50, thereby defining a
hot sheet joint. A similarly constructed welded assembly 100
can be formed on an opposite end of coupling member 54 at
its connection point with exterior liner 52, thereby defining
a cold sheet joint.

[0034] With reference to FIG. 3B, linear weld 108 is
shown. Weld 108 has a linear shape and traces a linear weld
line 110 extending laterally across second sheet 102. Weld
line 110 extends parallel to a bend line 112 defined by fold
68, weld line 110 being offset from bend line 112 by a first
longitudinal offset distance A. Weld line 110 is also laterally
offset from a lateral edge 114 of second sheet 102 by a lateral
offset distance B. Weld line 110 is additionally offset from
a longitudinal edge 116 on an opposite side of weld 108 by
a second longitudinal offset distance C. During operation
interior liner 50 and exterior liner 52 can be exposed to
different temperatures and expand at different rates. This
imposes a shear force F (shown in FIG. 2) on welded
assembly 100 that imposes stress in the joint formed by the
assembly. This stress can exceed that tolerable by welds
formed using conventional welding processes. For that
reason, and for the need to join structures fabricated from
materials less amenable to conventional welding processes,
conventional hot sheet to Z-band joints are using a brazing
process. Embodiments of the welded assemblies described
herein utilize welds with functional, geometrically defined
weld patterns that more evenly distribute that conventional
welds, thereby reducing weld stress and avoiding (or reduc-
ing) use brazes in such hot sheet and/or cold sheet joints. For
example, linear weld 108 is configured and adapted to
distribute stress within welded assembly 100 such that force
F imposes a stress distribution 150 (shown in FIG. 3C)
having the contour illustrated and with peak stress occurring
at opposite ends of linear weld 108. In an exemplary
embodiment of welded assembly 200, first and second
longitudinal offset distances A and C are about 1.5 times
lateral offset distance B, thereby producing the stress dis-
tribution 250 illustrated in FIG. 4C.

[0035] Turning now to FIG. 4A, welded assembly 200 is
shown. Welded assembly 200 is similar to welded assembly
100, and additionally includes an arcuate weld 208. With
reference to FIG. 4B, arcuate weld 208 traces an arcuate
weld line 210 within overlap area 106 including at least one
arcuate segment 216. In the illustrated embodiment, arcuate
segment 216 is a first arcuate segment and arcuate weld 208
further includes a second arcuate segment 218 and a third
arcuate segment 220. Second arcuate segment 218 is formed
on an end of first arcuate segment 216 and third arcuate
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segment is formed on an opposite end of first arcuate
segment 216, thereby forming a continuous weld having a
plurality of arcuate weld segments 216, 218 and 210.
[0036] Arcuate weld line 210 is offset from a bend line 112
defined by fold 68, arcuate weld line 210 being offset from
bend line 112 by a first longitudinal offset distance A.
Arcuate weld line 210 is also laterally offset from a lateral
edge 114 of second sheet 102 by a lateral offset distance B.
Arcuate weld line 210 further defines a linear segment C
parallel with respect to bend line 112 in each of arcuate
segments 216 and 218. In an exemplary embodiment of
welded assembly 200, longitudinal offset distance A and
lateral offset distance B are about twice the length of linear
segment C and the main bend radii is about three times the
staple bend radii.

[0037] With reference to FIG. 4C, force F induces stress
within the exemplary embodiment of welded assembly 200
with a stress distribution 250 and illustrated stress contours.
Notably, the area within welded assembly 200 through
which stress is distributed in larger than that associated with
welded assembly 100. Points of relative peak stress are also
laterally inward with respect to lateral ends of weld 208 as
compared to weld 108. For a given force F, peak stress
imposed within welded assembly 200 is about 65% of peak
stress imposed within welded assembly 100. Redistributing
stress, as well as shifting and reducing peak stress make the
stress resultant from force F on welded assembly 200 more
tolerable and allow for construction of joints between hot
sheets and Z-bands without brazes.

[0038] Turning now to FIG. 5A, a welded assembly 300 is
shown. Welded assembly 300 is similar to welded assembly
100 and additionally includes an arcuate weld 308. Weld 308
has an elliptical shape and fastens second sheet 104 to first
sheet 102 and is defined within overlap area 106. Weld 308,
second sheet 104 and first sheet 102 form a joint including
welded assembly 300 such for fixing a hot gas space liner
within a gas turbine engine for example.

[0039] With reference to FIG. 5B, weld 308 includes a
weld line 310. Weld line 310 traces a segment of an ellipse,
and in the illustrated embodiment traces about a side portion
of an ellipse bisected by a major axis 320 of the ellipse. A
minor radius 322 of the ellipse has a length C that is about
four times longitudinal offset distance A. Minor radius 322
is about three quarters the length of lateral offset B between
a lateral end 324 of weld 308 and a lateral edge 326 of
second sheet 104

[0040] With reference to FIG. 5C, a stress distribution 350
associated with force F within welded assembly 300 is
shown. For a force F, peak stress within welded assembly
300 is about 25% of peak stress with welded assembly 100.
An area of welded assembly 300 within which stress is
distributed is greater than that of stress distributions 250 and
150. Peak stress occurs along an interior segment of weld
308, over a length of the weld instead of at points of peak
stress as is the case with welds 108 and 208. Redistributing
stress, and further shifting and reducing peak stress make the
stress resultant from force F on welded assembly 300 more
tolerable. This allows for construction of joints between hot
sheets and Z-bands without brazes.

[0041] In an exemplary embodiment, weld line 310 is
offset from bend line 112 by a distance about 4.16 times the
length of the minor radius of the ellipse and an end of the
weld line is offset from lateral edge 326 by a distance about
6.6 times the length of the minor radius of the ellipse. This
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reduces peak stress in weld 308 to about 25% of peak stress
in linear weld 108. As will be appreciated, the relative
amount of stress improvement is influenced by other factors
in additional to weld geometry, such as the total weld area
and total weld length for example.

[0042] With reference to FIG. 6, a plot of normalized weld
stress is shown along respective lengths of linear weld 108,
arcuate weld 208, and elliptical weld 308. Peak stress in
arcuate weld 208 is reduced by about 40% in relation to peak
stress in linear weld 108 as well as shifted inwards from
respective ends of arcuate weld 208 in relation to weld 108.
This makes arcuate weld 208 more reliable when subjected
to force F. Peak stress in elliptical weld 308 is further
reduced, being about 25% of that within linear weld 108.
Peak stress is also shifted inwards and distributed over a
greater length of weld 308 in comparison to linear weld 108
and arcuate weld 208. This provides additional improve-
ments in reliability when subjected to force F.

[0043] Embodiments of the welded assembled described
herein provide assemblies with reduced weld stress for a
force, weld length and weld area through the weld geom-
etries described above. These geometries provide welded
assemblies with better weld (and assembly) stress distribu-
tion and peak stress without requiring additional welding
time, expense or risk of an enlarged heat affected zone.
Embodiments of the welds described herein also provide for
rapidly fabricating consistent welds using a laser as the
geometry is continuous. This allows for continuously form-
ing the weld by welding without having to alter the output
power of the laser. As lasers are more easily controlled at
constant output power, continuous weld geometries as
described herein allow for welding at constant output power
for producing a relatively consistent weld structure within
the overlap area.

[0044] The methods and systems of the present disclosure,
as described above and shown in the drawings, provide for
welded assemblies with superior properties including
reduced peak stress and more uniform stress distribution
across the welded joint for a given load. While the apparatus
and methods of the subject disclosure have been shown and
described with reference to preferred embodiments and in
the context of an augmenter (i.e. an afterburner), those
skilled in the art will readily appreciate that changes and/or
modifications may be made thereto without departing from
the spirit and scope of the subject disclosure. For example,
the apparatus and method described herein are also suitable
for use on other engine structures such as combustors and
nozzle assemblies for example.

What is claimed is:

1. A welded assembly, comprising:

a first sheet;

a second sheet disposed over a portion of the first sheet,
wherein an overlap area is defined where the first and
second sheets overlap; and

a weld disposed within the overlap area, wherein the weld
connects the first sheet to the second sheet and is
configured and adapted for distributing stress within the
weld and overlapping portion of the second sheet.

2. A welded assembly as recited in claim 1, wherein the
second sheet is a coupling member for supporting a structure
disposed in a gas turbine engine.

3. A welded assembly as recited in claim 1, wherein the
first sheet is a hot sheet disposed within a gas turbine hot
section.
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4. A welded assembly as recited in claim 1, wherein the
first sheet is a cold sheet of a gas turbine.

5. A welded assembly as recited in claim 1, wherein the
second sheet is a z-band coupling a hot sheet to a cold sheet
of a gas turbine engine.

6. A welded assembly as recited in claim 1, wherein the
weld includes a weld line tracing a straight line segment in
the overlap area.

7. A welded assembly as recited in claim 1, wherein the
weld includes a weld line tracing an arcuate segment in the
overlap area.

8. A welded assembly as recited in claim 7, wherein the
arcuate weld line arcuate segment is a first arcuate segment,
wherein the weld line further traces a second and a third
arcuate weld line segment disposed on opposite ends for the
first arcuate segment and having curvatures different than
that of the first arcuate segment.

9. A welded assembly as recited in claim 1, wherein the
weld includes a weld line tracing an elliptical segment in the
overlap area.

10. A welded assembly as recited in claim 9, wherein the
second sheet includes a laterally extending bend line parallel
to a major axis of the ellipse.

11. A welded assembly as recited in claim 9, wherein the
elliptical segment opens in direction opposite bend line.

12. A welded assembly as recited in claim 10, wherein a
distance between the weld line and the bend line is about a
quarter the length of the minor radius of the ellipse.

13. A welded assembly as recited in claim 10, wherein an
end of the weld line is offset from a lateral edge of the
second sheet by a distance about one and a half times the
minor radius of the ellipse.

14. A welded assembly as recited in claim 9, wherein the
elliptical weld line segment is centered with respect to a
loading axis of the second sheet.

15. A welded assembly as recited in claim 1, wherein the
welded assembly is a lap joint.

16. A gas turbine engine hot section, comprising:

a welded assembly as recited in claim 1, wherein the first
sheet is a combustion gas space liner and the second
sheet is a z-band for fixing the liner within the gas
turbine engine;

wherein the weld includes a weld line tracing an elliptical
segment in the overlap area;

wherein the second sheet includes a laterally extending
bend line parallel to the major axis of the ellipse, the
elliptical segment opening in direction opposite the
bend line;

wherein a distance between the weld line and the bend
line is about a quarter the length of the minor radius of
the ellipse;

wherein a distance between an end of the elliptical
segment and a lateral edge of the second sheet is about
one and a half times the length of the minor radius of
the ellipse; and

wherein the elliptical segment is centered with respect to
a loading axis of the second sheet.

17. A hot section as recited in claim 16, wherein the weld

is configured such that the peak stress within the weld occurs
laterally inward from an end of the weld.
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