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WELDED ASSEMBLIESAND METHODS OF MAKING WELDED ASSEMBLIES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to welded assemhbhesmore particularly to welded
joints for coupling hot sheets and cold sheets siscin hot sections of gas turbine engines.

2. Description of Related Art

Gas turbine engine hot section interiors can opaatiextremely high temperatures.

They typically include a liner that is directly eoged to a flow of hot combustion gases during
engine operation for extended periods. The linera hot sheet, is typically a sheet metal
structure surrounding the combustion flow spaceffthere fuel and oxidizer flows are mixed
and ignited prior to being passed to the turbiretige. In certain engines an outer liner, e.g. a
cold sheet, envelopes the hot sheet. The cold ghepaced away from the hot sheet such that a
plenum is defined between the outer surface ohtitesheet and the inner surface of the cold
sheet. Working fluid, typically air, is extracttdm the compressor section of the engine and
flows through the plenum between the cold sheettla@dhot sheet for purpose cooling the hot
sheet.

The hot sheet requires structure to fix the hoeshathin the engine. Generally, hot
sheets couple to engine structure using sheet stet@tures attached the hot sheet outer surface.
In hot sections including cold sheet and hot shegions, these sheet metal structures extend
through the plenum and form joints on opposite exidle inner surface of the cold sheet and
outer surface of the hot sheet. Because the singgsed on the coupling structure, the

respective joints on the cold sheet and hot enelgenerally formed by a brazing process. Due



to extreme temperatures and materials from the boldsheet, and coupling body are
constructed theses brazes are typically relatigestly nickel or gold-nickel brazes.
Conventional brazed joints have generally beenidensd satisfactory for their intended
purpose. However, there is a continuing needdaae cost and complexity of engine
manufacture. There also remains a need for lightvt¢oints for applications such as those

described above. The present disclosure providgetuéion for these problems.
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SUMMARY OF THE INVENTION

A welded assembly includes a first sheet and arsksbeet. The second sheet is
disposed over a portion of the first sheet andn@sfian overlap portion between the first and
second sheets. A weld in the overlap area contleetsecond sheet to the first sheet. The weld
is configured and adapted for reducing peak sardssmoothing the stress distribution within
the weld and overlap area of the sheets.

In certain embodiments, the second sheet is a icmupiember for supporting a liner in a
gas turbine engine hot section. The first sheeteaa hot sheet of a gas turbine hot section.
The first sheet can be a cold sheet associatedavgtts turbine hot section. A Z-band coupling a
hot sheet to a cold sheet of a gas turbine engindarm the second coupling member. The
welded assembly can form a lap joint coupling fret find second sheets to one another.

In accordance with certain embodiments, the wattuares a weld line tracing a linear
shape in the overlay area. In accordance wittareembodiments, this can include a weld line
tracing an arcuate segment in the overlay are@ wWiéid can further include second and a third
arcuate weld line segment disposed on opposite@ritie first arcuate weld line segment
wherein the second and third segments have diffetematures from the first arcuate segment.

It is contemplated that the weld can include adviiele tracing an elliptical segment in
the overlay area. The second sheet can includelly extending bend line extending parallel
to the major axis of the ellipse. The ellipticagment can open in a direction opposite the bend
line. A distance between the weld line and theddare can be about a quarter the length of the
minor radius of the ellipse. An end of the weltklican be offset from a lateral edge of the
second sheet by a distance about one and a ha¥ time minor radius of the ellipse. The

elliptical weld line segment can be centered wétspect to a loading axis of the second sheet.
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A gas turbine hot section includes a welded assgastlescribed above. The first sheet
is a combustion gas space liner and the second isheee-band for coupling the liner within the
engine. The weld includes a weld line tracing lliptecal segment in the overlap area, and the
second sheet includes a laterally extending bereddarallel to the major axis of the ellipse such
that the elliptical segment opens in direction gpigothe bend line. A distance between the
weld line and the bend line is about a quartetehgth of the minor radius of the ellipse and a
distance between an end of the elliptical segmedtealateral edge of the second sheet is about
one and a half times the length of the minor radiute ellipse. The elliptical segment is
centered with respect to a loading axis of the sécheet.

A method of forming the welded assembly descridiealve includes overlapping a
portion of the first sheet with the second sheétfarming a weld fastening the first sheet to the
second sheet by tracing an elliptical weld lin¢hia overlap area. The weld is formed using a
laser welding process.

It is contemplated that the second sheet incladesnd line and the method include
defining the weld line an offset distance aboutiarter of the minor radius of the ellipse. The
weld line can be offset by about one a half tinesrhinor radius of the ellipse from an edge of
the second sheet.

The foregoing features and elements may be cadbmvarious combinations without
exclusivity unless expressly indicated otherwigese features and elements, as well as the
operation thereof, will become more apparent ihtligf the following description and the
accompanying drawings. It should be understoodielver, that the following description and

drawings are intended to be exemplary in natureramdlimiting.
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BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art to which the salbgisclosure appertains will readily
understand how to make and use the devices anadsett the subject disclosure without
undue experimentation, preferred embodiments thevidldoe described in detail herein below
with reference to certain figures, wherein:

Fig. 1 is a partial cross-sectional side view okaamplary embodiment of a gas turbine
engine, showing the engine hot section;

Fig. 2 is a cross-sectional side view of a portba hot sheet coupled to a cold sheet,
showing a coupling extending between the hot stiegtthe cold sheet;

Fig. 3A is perspective view of a lap joint, showmdnear weld,;

Fig. 3B is a plan view of the weld of Fig. 3A, shag a linear weld line;

Fig. 3C is a contour map showing stress distrilbuinothe lap joint of Fig. 3A, showing
peak stress points in opposing ends of the weldstreds distribution in the joint;

Fig. 4A is perspective view of a second lap josttowing an arcuate weld;

Fig. 4B is a plan view of the weld of Fig. 4A, shagran arcuate weld line;

Fig. 4C is a contour map showing stress distrilputiothe lap joint of Fig. 4A, showing
peak stress locations and stress distribution agsdowith a load applied to the assembly;

Fig. 5A is perspective view of a third a lap joisihowing an elliptical weld;

Fig. 5B is a plan view of the weld of Fig. 5A, shag an elliptical weld line;

Fig. 5C is a contour map showing stress distrilbuinothe lap joint of Fig. 5A, showing
peak stress points and stress distribution indim; jand

Fig. 6 is a chart showing relative stress for @ lagthin the linear weld, arcuate weld,

and elliptical weld of Fig. 3A, Fig. 4A, and FigAbrespectively.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made to the drawings whdrkéreference numerals identify
similar structural features or aspects of the sulgesclosure. For purposes of explanation and
illustration, and not limitation, a partial view ah exemplary embodiment of a gas turbine
engine including a lap joint in accordance with dngclosure is shown in Fig. 1 and is
designated generally by reference character 1@Ber@mbodiments of lap joints in accordance
with the disclosure, or aspects thereof, are pexvid Figs. 2-6, as will be described. The
systems and methods described herein can be ussgaljomints for supporting combustion gas
space liners in gas turbine engines, such as aheatt and cold sheet connections for example.

With reference to Fig. 1, a gas turbine enginesl$hown. Gas turbine engine 10
includes low-pressure spool 12 and a high-presspwel 14. Low-pressure spool 12 includes a
low-pressure compressor 16 and low-pressure tud8monnected by low-pressure shaft 20.
High-pressure spool 14 includes a high-pressurepoessor 22 and high-pressure turbine 24
connected by high-pressure shaft 26. A fan 28 eaisrto low-pressure shaft 20. A hot section
30/18/24 extends between a combustor 30 and a tesspre turbine 18, and includes high-
pressure turbine 24. In the illustrated embodimieot section 30/18/24 of gas turbine engine 10
includes an augmenter 32. The general construatidnoperation of gas turbine engines is
understood in the art, and therefore detailed dson here is unnecessary.

Working fluid enters low-pressure compressor 16iarabmpressed by low-pressure
compressor 16. The working fluid then enters pgessure compressor 22, which further
compresses the working fluid. The working fluiéthenters combustor 30 where it is mixed
with fuel and ignited, forming hot high-pressurentmustion gases. The working fluid thereafter

flows through high-pressure turbine 24 and low-pues turbine 18 which expand the working
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fluid, extracting work, and rotating low-pressute@g 20, high-pressure shaft 26 and fan 28
about a rotation axis A. Rotation of the low-prgssshaft and high-pressure shaft 26
compresses working fluid flowing through the engamel rotation of fan 28 provides thrust to a
vehicle coupled to gas turbine engine 10, suchasraraft. Additional fuel can be added to
combustion gases exiting low-pressure turbine l&8ugmenter 32, generating additional thrust
and exposing engine structure within augmenteon3xtremely high temperatures.

With reference to Fig. 2, a portion of hot sect8fii24/18 is shown. Hot section
30/24/18 includes an interior liner 50 (e.g. as$twet), an exterior liner 52, and a coupling
member 54. Interior liner 50 is a hot sheet @oounded on one side by a hot gas space 56.
Exterior liner 52 is a cold sheet and substanti@tlyelopes interior liner 52 for separating engine
components (shown in Fig. 1) from combustion gase®6. Interior liner 50, exterior liner 52
and coupling member 54 are constructed from a mahtaritable for extreme temperature
environments such as a nickel alloy. One suclyaldnconef, available from Inco Alloys
International, Inc. of Huntington, West Virginia.

A coolant plenum 58 is defined between interioetibO and exterior liner 52. Coolant
plenum 58 is bounded by an inner surface 60 ofriextiner 52 and an outer surface 62 of
interior liner 50. Coolant plenum 58 is fluidlywaled to a coolant source, e.g. low-pressure
compressor 16 or high-pressure compressor 22 satwhfigured and adapted direct coolant
extracted from the coolant source across outease?2 for purposes of cooling interior liner 50.
In the illustrated embodiment, a coolant flow estewolant plenum 58 through an inlet 64
defined in exterior liner 52 fluidly coupled to theolant source and is distributed about outer
surface 62 of interior liner 50. Coolant flowsrfra@oolant plenum 58 into combustion gas space

56 through at least one channel defined in intdmar 50, thereby providing a coolant boundary
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layer adjacent an interior surface 66 of interioet 50. This allows for operating hot section
18/24/30, and in engines so equipped, augmentevif2an interior temperature above the
temperature at which the mechanical propertiee®htaterial of which interior liner 50 are
stable. As will be appreciated by those skillethia art, other configurations are possible within
the scope of the present disclosure.

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

With reference to Fig. 3A, a lap joint formed bylded assembly 100 is shown. Liner 50
forms a first sheet 102. A terminal portion of pbmg member 54 forms a second sheet 104
disposed a portion of first sheet 50. An overkagion 106 is defined within the boundaries of
first sheet 50 between first and second sheet®80@. A weld 108 defined within overlap
region 106 couples second sheet 104 to first skt Welded assembly 100 is formed from
first sheet 102, second sheet 104 and a linear ¥@8doins coupling member 54 to interior
liner 50, thereby defining a hot sheet joint. Asarly constructed welded assembly 100 can be
formed on an opposite end of coupling member 5& abnnection point with exterior liner 52,

thereby defining a cold sheet joint.
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With reference to Fig. 3B, linear weld 108 is showileld 108 has a linear shape and
traces a linear weld line 110 extending lateratloas second sheet 102. Weld line 110 extends
parallel to a bend line 112 defined by fold 68, dviahe 110 being offset from bend line 112 by a
first longitudinal offset distance A. Weld lineQis also laterally offset from a lateral edge 114
of second sheet 102 by a lateral offset distanc®/BId line 110 is additionally offset from a
longitudinal edge 116 on an opposite side of wél8 iy a second longitudinal offset distance C.
During operation interior liner 50 and exteriordirb2 can be exposed to different temperatures
and expand at different rates. This imposes arsbeze F (shown in Fig. 2) on welded
assembly 100 that imposes stress in the joint fdrioyethe assembly. This stress can exceed
that tolerable by welds formed using conventioneldwmg processes. For that reason, and for
the need to join structures fabricated from maketess amenable to conventional welding
processes, conventional hot sheet to Z-band jamtsising a brazing process. Embodiments of
the welded assemblies described herein utilize swelth functional, geometrically defined weld
patterns that more evenly distribute that conveatiovelds, thereby reducing weld stress and
avoiding (or reducing) use brazes in such hot steeftor cold sheet joints. For example, linear
weld 108 is configured and adapted to distributesstwithin welded assembly 100 such that
force F imposes a stress distribution 150 (showkign 3C) having the contour illustrated and
with peak stress occurring at opposite ends o&timeeld 108. In an exemplary embodiment of
welded assembly 200, first and second longituddffaet distances A and C are about 1.5 times
lateral offset distance B, thereby producing thesst distribution 250 illustrated in Fig. 4C.

Turning now to Fig. 4A, welded assembly 200 is showelded assembly 200 is similar
to welded assembly 100, and additionally includesrauate weld 208. With reference to Fig.

4B, arcuate weld 208 traces an arcuate weld li@ew2thin overlap area 106 including at least
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one arcuate segment 216. In the illustrated ennbeak, arcuate segment 216 is a first arcuate
segment and arcuate weld 208 further includes @skearcuate segment 218 and a third arcuate
segment 220. Second arcuate segment 218 is famad end of first arcuate segment 216 and
third arcuate segment is formed on an oppositeoéficst arcuate segment 216, thereby forming
a continuous weld having a plurality of arcuatedvstgments 216, 218 and 210.

Arcuate weld line 210 is offset from a bend lin@ Dkefined by fold 68, arcuate weld line
210 being offset from bend line 112 by a first lbadinal offset distance A. Arcuate weld line
210 is also laterally offset from a lateral edgd b second sheet 102 by a lateral offset distance
B. Arcuate weld line 210 further defines a lineagment C parallel with respect to bend line
112 in each of arcuate segments 216 and 218. éxemplary embodiment of welded assembly
200, longitudinal offset distance A and laterabkeffdistance B are about twice the length of
linear segment C and the main bend radii is abloeettimes the staple bend radii.

With reference to Fig. 4C, force F induces streitisin the exemplary embodiment of
welded assembly 200 with a stress distribution @& illustrated stress contours. Notably, the
area within welded assembly 200 through which stigslistributed in larger than that associated
with welded assembly 100. Points of relative pgiass are also laterally inward with respect to
lateral ends of weld 208 as compared to weld T#. a given force F, peak stress imposed
within welded assembly 200 is about 65% of peadsstimposed within welded assembly 100.
Redistributing stress, as well as shifting and cetlyipeak stress make the stress resultant from
force F on welded assembly 200 more tolerable daa #or construction of joints between hot
sheets and Z-bands without brazes.

Turning now to Fig. 5A, a welded assembly 300 isvaln Welded assembly 300 is

similar to welded assembly 100 and additionallyudes an arcuate weld 308. Weld 308 has an

10
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elliptical shape and fastens second sheet 104stosieet 102 and is defined within overlap area
106. Weld 308, second sheet 104 and first sheztdrth a joint including welded assembly 300
such for fixing a hot gas space liner within a ggabine engine for example.

With reference to Fig. 5B, weld 308 includes a weid 310. Weld line 310 traces a
segment of an ellipse, and in the illustrated enrhedt traces about a side portion of an ellipse
bisected by a major axis 320 of the ellipse. Aaniradius 322 of the ellipse has a length C that
is about four times longitudinal offset distance Minor radius 322 is about three quarters the
length of lateral offset B between a lateral end 82weld 308 and a lateral edge 326 of second
sheet 104

With reference to Fig. 5C, a stress distributiof 8Ssociated with force F within welded
assembly 300 is shown. For a force F, peak stveékg welded assembly 300 is about 25% of
peak stress with welded assembly 100. An areaetifed assembly 300 within which stress is
distributed is greater than that of stress distiims 250 and 150. Peak stress occurs along an
interior segment of weld 308, over a length ofwedd instead of at points of peak stress as is
the case with welds 108 and 208. Redistributingsst and further shifting and reducing peak
stress make the stress resultant from force F dtedeassembly 300 more tolerable. This
allows for construction of joints between hot skestd Z-bands without brazes.

In an exemplary embodiment, weld line 310 is offsat bend line 112 by a distance
about 4.16 times the length of the minor radiuthefellipse and an end of the weld line is offset
from lateral edge 326 by a distance about 6.6 tittne$ength of the minor radius of the ellipse.
This reduces peak stress in weld 308 to about 253éak stress in linear weld 108. As will be
appreciated, the relative amount of stress imprarens influenced by other factors in

additional to weld geometry, such as the total veetsh and total weld length for example.

11
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With reference to Fig. 6, a plot of normalized wstckess is shown along respective
lengths of linear weld 108, arcuate weld 208, dhgtieal weld 308. Peak stress in arcuate weld
208 is reduced by about 40% in relation to peasstin linear weld 108 as well as shifted
inwards from respective ends of arcuate weld 20@letion to weld 108. This makes arcuate
weld 208 more reliable when subjected to forcdPEak stress in elliptical weld 308 is further
reduced, being about 25% of that within linear wH)&. Peak stress is also shifted inwards and
distributed over a greater length of weld 308 imparison to linear weld 108 and arcuate weld
208. This provides additional improvements inaiaility when subjected to force F.

Embodiments of the welded assembled describedrhprevide assemblies with reduced
weld stress for a force, weld length and weld #heaugh the weld geometries described above.
These geometries provide welded assemblies witerbgeld (and assembly) stress distribution
and peak stress without requiring additional weldime, expense or risk of an enlarged heat
affected zone. Embodiments of the welds descititgedin also provide for rapidly fabricating
consistent welds using a laser as the geometignsnzious. This allows for continuously
forming the weld by welding without having to altBe output power of the laser. As lasers are
more easily controlled at constant output powentiooous weld geometries as described herein
allow for welding at constant output power for puothg a relatively consistent weld structure
within the overlap area.

The methods and systems of the present disclaasiagscribed above and shown in the
drawings, provide for welded assemblies with supgsroperties including reduced peak stress
and more uniform stress distribution across thelaejoint for a given load. While the
apparatus and methods of the subject disclosure een shown and described with reference

to preferred embodiments and in the context oftaymeenter (i.e. an afterburner), those skilled

12



in the art will readily appreciate that changes/anthodifications may be made thereto without
departing from the spirit and scope of the subgestiosure. For example, the apparatus and
method described herein are also suitable for ns#ter engine structures such as combustors

and nozzle assemblies for example.
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What isclaimed is:

1. A welded assembly, comprising:

a first sheet;

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

a weld disposed within the overlap area, wheregnwbld connects the first sheet to
the second sheet and is configured and adaptetisioibuting stress within the weld and

overlapping portion of the second sheet.

2. A welded assembly as recited in claim 1, whetlegnsecond sheet is a coupling member

for supporting a structure disposed in a gas terbimgine.

3. A welded assembly as recited in claim 1, whetlegnfirst sheet is a hot sheet disposed

within a gas turbine hot section.

4. A welded assembly as recited in claim 1, whetteenfirst sheet is a cold sheet of a gas
turbine.
5. A welded assembly as recited in claim 1, whetleensecond 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, whetlegnweld includes a weld line tracing a

straight line segment in the overlap area.

14
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7. A welded assembly as recited in claim 1, whetteenweld includes a weld line tracing an

arcuate segment in the overlap area.

8. A welded assembly as recited in claim 7, whetlegnarcuate weld line arcuate segment
is a first arcuate segment, wherein the weld luréhker traces a second and a third arcuate weld
line segment disposed on opposite ends for thiedficsiate segment and having curvatures

different than that of the first arcuate segment.

9. A welded assembly as recited in claim 1, whetteenweld includes a weld line tracing an

elliptical segment in the overlap area.

10. A welded assembly as recited in claim 9, wimetlee second sheet includes a laterally

extending bend line parallel to a major axis ofehipse.

11. A welded assembly as recited in claim 9, wimetlee elliptical segment opens in

direction opposite bend line.

12. A welded assembly as recited in claim 10, wihexedistance between the weld line and

the bend line is about a quarter the length oftireor radius of the ellipse.

13. A welded assembly as recited in claim 10, wihegia end of the weld line is offset from

a lateral edge of the second sheet by a distdyag ane and a half times the minor radius of

the ellipse.

15
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14. A welded assembly as recited in claim 9, wimetlee elliptical weld line segment is

centered with respect to a loading axis of the seécheet.

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

16. A gas turbine engine hot section, comprising:

a welded assembly as recited in claim 1, wherearfitat sheet is a combustion gas
space liner and the second sheet is a z-bandkfngfihe liner within the gas turbine engine;

wherein the weld includes a weld line tracing dipttal segment in the overlap
area,;

wherein the second sheet includes a laterally extgrbend line parallel to the major
axis of the ellipse, the elliptical segment opernimdirection opposite the bend line;

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

wherein a distance between an end of the elliptiegment and a lateral edge of the
second sheet is about one and a half times théh@hghe minor radius of the ellipse; and

wherein the elliptical segment is centered witlpees to a loading axis of the second

sheet.

17. A hot section as recited in claim 16, wheramweld is configured such that the peak

stress within the weld occurs laterally inward framend of the weld.

16
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18. A method of forming a welded assembly, compgsi

overlapping a first sheet with a second sheet; and

forming a weld fastening the first sheet to theoselcsheet by tracing an elliptical
weld line in an overlap area defined between oppasatacting surfaces of the first and second

sheets, wherein the weld is formed using a lasétimgeprocess.

19. A method as recited in claim 18, wherein thedad sheet includes a bend line and the

method further includes defining the weld line déiset distance about a quarter of the minor

radius of the ellipse.

20. A method as recited in claim 18, further in@hgddefining the weld line offset about one

and a half times the minor radius of the ellipsarfran edge of the second sheet.
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