Innovation, Sciences et Innovation, Science and CA 2946560 C 2023/10/03

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 946 560
(12 BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépot/Filing Date: 2016/10/27 (51) ClLInt./Int.Cl. B22F 3/105 (2006.01),

s s - - . B33Y 10/00 (2015.01), FO1D 9/02 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2017/05/10 F02C 7/28 (2006.01)

(45) Date de délivrance/lssue Date: 2023/10/03
(72) Inventeurs/Inventors:

(30) Priorité/Priority: 2015/11/10 (US14/936,783) BUNKER, RONALD SCOTT, US;
CORREIA, VICTOR HUGO SILVA, US

(73) Propriétaire/Owner:
GENERAL ELECTRIC COMPANY, US

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : COMPOSANT DE TURBINE COMPORTANT UNE FENTE DE JOINT ET PROCEDE DE FABRICATION ADDITIVE
ASSOCIE
(54) Title: TURBINE COMPONENT HAVING A SEAL SLOT AND ADDITIVE MANUFACTURING PROCESS FOR MAKING SAME

(57) Abrégé/Abstract:

A method of forming a structure in a turbine component having a seal slot, the slot including walls defining an opening
therebetween, the method includes the step of using an additive manufacturing process to form a neck structure on a wall so as to
reduce a size of the opening.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191



CA 02946560 2016-10-27

283678

ABSTRACT

A method of forming a structure in a turbine component having a seal slot, the slot
including walls defining an opening therebetween, the method includes the step of using
an additive manufacturing process to form a neck structure on a wall so as to reduce a size

of the opening.



TURBINE COMPONENT HAVING A SEAL SLOT AND ADDITIVE
MANUFACTURING PROCESS FOR MAKING SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to seals for the reduction of leakage between
turbine components and more specifically to seal slots in nozzle segments having

complex profiles and an additive manufacturing process for making such seal slots.

[0002] Gas turbine engine components such as turbine nozzles are often configured as
a ring of side-by-side segments. It is known that leakage at the gap between adjacent
segments leads to mefficiencies in aircraft engines. Conventional ways to reduce this
leakage include installation of sealing slots and splines positioned such that leakage
pathways between the segments are blocked or impeded. Tn this regard, each segment
has an edge having a spline slot formed therein. Adjacent spline slots of two adjacent
segments are configured to receive opposite sides of the same spline. In this manner,
leakage pathways along the gap between two adjacent segments are reduced by

cooperatively engaged splines and spline slots.

[0003] Conventional spline slots are configured to receive a spline and in this regard
are often configured as generally U-shaped channels. Some conventional spline slots
have parallel sides that are spaced-apart a predetermined width. Corresponding

splines are configured such that they are narrower than this width such that the spline

can be received within the spline slot.

[0004] One problem with conventional spline slots and splines is that leakage
occurs through pathways defined between the substantially parallel spline and

adjacent wall of the spline slot.

[0005]  Another problem with conventional spline slots and methods for forming
them is that the ability to leave a blind access region behind additional features cannot
be accommodated by casting, and would require extreme measures to machine

thereby leading to highly variable results.
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[0006] Another problem with conventional spline slots and spline configurations

is that the spline can be removed from a spline slot inadvertently.
BRIEF DESCRIPTION OF THE INVENTION

[0007] At least one of the foregoing problems is addressed by a spline slot having a

cross-sectional profile that varies from the bottom of the spline slot to the top.

[0008] According to one aspect of the present invention, there is provided a method
of forming a sealing structure in a turbine component that has a seal slot. The seal slot
includes walls that define an opening therebetween. The method includes using an
additive manufacturing process to form a neck structure on at least one of the walls so

as to reduce a size of the opening.

[0009] According to another aspect of the present invention, there is provided a
method of forming a sealing structure in a turbine component having a seal slot
sequentially with a spline seal. The slot includes walls that define an opening
therebetween and at least a portion of the spline seal positioned in the opening. The
method includes using an additive manufacturing process to form a neck structure on
at least one of the walls so as to reduce a size of the opening and to form a spline seal

positioned within the opening.

[0010] According to yet another aspect of the present invention, there is provided a
sealing apparatus for a gas turbine engine. The sealing apparatus includes a
component having a seal slot, the slot including spaced-apart lateral walls defining an
opening therebetween. A spline seal is disposed in the seal slot, the spline seal having
an enlarged portion with a predetermined first dimension. The sealing apparatus also
includes a trapping element of the seal slot defining a second dimension smaller than

first dimension so as to trap the seal in the seal slot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention may be best understood by reference to the following

description taken in conjunction with the accompanying drawing figures in which:
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[0012] FIG. 1 is a perspective view of two nozzle segments that together form a

sealing apparatus;
[0013] FIG. 2 1s an exploded perspective view of FIG. 1;

[0014] FIG. 3 is a partial view of the apparatus shown in FIG. 1 taken along the line
3-3.

[0015] FIG. 4 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0016] FIG. 5 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0017] FIG. 6 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0018] FIG. 7 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0019] FIG. 8 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0020] FIG. 9 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0021] FIG. 10 is a partial cross-sectional view of another embodiment of the

apparatus as shown in FIG. 3;

[0022] FIG. 11 is a perspective view of two nozzle segments that together form a

sealing apparatus;

[0023] FIG. 12 is a partial cross-sectional view of the apparatus as shown in FIG. 11
taken along the line 13-13;

[0024] FIG. 13 is a partial cross-sectional view of the apparatus as shown in FIG. 11
taken along the line 13-13;
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[0025] FIG. 14 is a schematic view of a portion of a turbine component,

[0026] FIG. 15 is a schematic view of a portion of the turbine component of FIG. 15,

showing adhesive being applied;

[0027] FIG. 16 is a schematic view of a portion of the turbine component and layer of
adhesive of FIG. 15, showing powder being applied; and

[0028] FIG. 17 is a schematic view of a portion of the turbine component of FIG. 17,
showing powder being fused.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Referring to the drawings wherein identical reference numerals denote the
same elements throughout the various views, FIGS. 1-3 show an exemplary sealing

apparatus 10.

[0030] Sealing apparatus 10 is configured to reduce leakage through a gap between a
first nozzle segment 20 and a second nozzle segment 50. It should be noted that the
nozzle segment 20 and 50 are used merely as examples. The principles described
herein may be applied to any set of turbine components which are assembled with a

spline seal therebetween.

[0031] The first nozzle segment 20 includes an inner band 22 that is connected to an
outer band 23 by an airfoil 24. The outer band 23 has an inboard surface 25 and an
outboard surface 27. An end face 29 of the outer band 23 is positioned between the

inboard surface 25 and the outboard surface 27.

[0032] Referring now to FIGS. 1-3, a spline slot 30 is defined in the outer band 23
and extends inward from the end face 29 and is configured to receive a spline seal 80.
The spline slot 30 is defined in the outer band 23 such that the spline slot 30 is defined
by a bottom 32, an inboard wall 34 and an outboard wall 36. Two end walls (not
shown) are positioned opposite each other and extend from bottom 32 along the
inboard wall 34 and the outboard wall 36 to the end face 29. Inboard wall 34, the

second wall 36, and the end walls extend from the bottom 32 to a rim 42 at the end

4.
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face 29.

[0033] Referring now to FIG. 3, the inboard wall 34 and the outboard wall 36 are
spaced apart a first distance D’ near the bottom 32. A rib 44 is formed on at least one
of the inboard wall 34 and the outboard wall 36 such that the rib 44 defines a surface

that extends away from a plane generally defined by the respective wall.

[0034] In the illustrated example the rib 44 has a convex curved cross-sectional
shape; for example the cross-section may be semicircular. In the completed
component, the rib 44 is part of an integral, unitary, or monolithic whole with the
remainder of the seal slot 30, but may be formed separately from the remainder of the
seal slot 30, as shown by the dashed lines. As will be described in further detail

below, the rib 44 may be formed using an additive manufacturing process.

[0035] Rib 44 defines a neck 46 in the spline slot 30 such that the shortest distance
between the inboard wall 34 and the outboard wall 36 is narrower at the neck 46 than
shortest distance near the bottom 32. The shortest distance between the inboard wall
34 and the outboard wall 36 at the neck 46 is a second distance D”’. Second distance
D’ is shorter than first distance D’. Stated another way, the spline slot 30 is narrower

near the end face 29 at the neck 46 defined by the rib 44 than it is at the bottom 32.

[0036] Referring now to FIGS. 1 and 2, second nozzle segment 50 includes an inner
band 52 that 1s connected to an outer band 53 by an airfoil 54. The outer band 53 has
an inboard surface 55 and an outboard surface 57. An end face 59 of the outer band 53

is positioned between the inboard surface 55 and the outboard surface 57.

[0037] Referring now to FIGS. 1-3, a spline slot 60 is defined in the outer band 50
and extends inward from the end face 59. The spline slot 60 is configured to receive
the spline seal 80. Spline slot 60 is defined in the outer band 53 such that the spline
slot 60 is defined by a bottom 62, and the inboard wall 64 and an outboard wall 66.
Two end walls are positioned opposite each other and extend from the bottom 62
along the inboard wall 64 and the outboard wall 66 to the end face 59. The inboard
wall 64 and the outboard wall 66 and the end walls extend from the bottom 62 to a
rim 42 at the end face 59.
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[0038] Referring now to FIG. 3, the inboard wall 64 and the outboard wall 66 are
spaced apart a first distance D’ near the bottom 62. A rib 74 is formed on at least one
of the inboard wall 64 and the outboard wall 66 such that the rib 74 defines a surface

that extends away from a plane generally defined by the respective wall.

[0039] In the illustrated example the rib 74 has a convex curved cross-sectional
shape; for example the cross-section may be semicircular. In the completed
component, the rib 74 is part of an integral, unitary, or monolithic hole with the
remainder of the seal slot 60, but may be formed separately from the remainder of the
seal slot 60, as shown by the dashed lines 72. As will be described in further detail

below, the rib 74 may be formed using an additive manufacturing process.

[0040] The rib 74 defines a neck 76 in the spline slot 60 such that the shortest
distance between the inboard wall 64 and the outboard wall 66 is narrower at the neck
76 than shortest distance near the bottom 62. The shortest distance between the
inboard wall 64 and the outboard wall 66 at the neck 76 is a second distance D”’.
Second distance D’ is shorter than first distance D’. Stated another way, the spline
slot 60 1s narrower near the end face 29 at the neck 76 defined by the rib 74 than it 1s
at the bottom 62.

[0041] Referring now to the spline seal 80 as shown in FIG. 3, the spline seal 80 is
generally rectangular in cross-section and includes a first end 82 and a second end 84.
Spline seal 80 has a body section 88 positioned between the first end 82 and the
second end 84. Body section 88 has a width B and width B is smaller than second
distance D’°. As a result, the body section 88 1s configured to be received at any depth

within the spline slot 30.

[0042] Tt should be noted that the ribs 44 operate to limit and restrict leakage
pathways otherwise formed by the clearance between the spline seal 80 and inboard
wall 34, outboard wall 36, bottom 32 of the spline slot 30. Likewise, the ribs 74
operate to limit and restrict leakage pathways formed by the clearance between the
spline seal 80 and inboard wall 64, outboard wall 66, bottom 62 of the spline slot 30.

In this regard, the narrow space between the spline seal 80 and the spline slot 30 and

-6-
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the spline slot 60 reduces leakage.

[0043] Several alternative structures related to the apparatus discussed above are
described below. It should be noted that elements of a particular alternative sealing
apparatus can be understood from the description of elements of the sealing assembly
10 having similar numbers in different 100s series. Stated another way, elements
having similar reference numbers that differ only in their 100s series, refer to

substantially similar structures unless indicated otherwise.

[0044] Referring now to FIG. 4 which shows an alternative sealing apparatus 110.
Alternative sealing apparatus |10 includes an outer band 123 and an outer band 153.
The outer band 123 includes a slot 130 that is configured to receive one end of a
spline seal 180. The outer band 153 includes a spline slot 160 and is configured to
receive another end of the spline seal 180. Two ribs 144 are formed on an inboard
wall 134 and an outboard wall 136 of the spline slot 130. Spline 180 is generally
rectangular in cross-section and includes a first end 182 and a second end 184. Spline
180 has a body section 188 positioned between the first end 182 and the second end
184. Body section 188 has a width B and width B is smaller than second distance D*’
thus the body section 188 1s configured to be received at any depth within the spline
slot 130.

[0045] However, the first end 182 expands away from the body section 188 such that
the first end 182 has a width R and width R is larger than second distance D’ but
smaller than first distance D’. The first end 182 may be considered as a "retaining
section. " In this regard the first end 182 1s configured to be received between the

neck 146 and the bottom 132 of the spline slot 130.

[0046] Spline slot 130 and the spline 180 are configured such that, when the spline
180 is positioned within the spline slot 130 with the first end 182 of the spline 180
between the neck 146 of the spline slot 130 and the bottom 132 of the spline slot 130,
removal of the spline 180 from the spline slot 130 would be impeded by the neck 146.
Stated another way, the spline 180 can be considered as "trapped " in the slot 130.

[0047] Referring now to FIG. 5, another alternative sealing apparatus 310 includes a
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first outer band 323 and a second outer band 353. First outer band 323 includes a
spline slot 330. Spline slot 330 includes a first neck 346 and a second neck 347 and a
rim 342. The first neck 346 i1s formed of two opposing ribs 344 wherein one extends
from the inboard wall 334 and the other extends from the outboard wall 336. The
second neck 347 is defined by two opposing ribs 345 wherein one extends from the
inboard wall 334 and the other extends from the outboard wall 336. Second neck 347
is spaced away from the first neck 346 and positioned between rim 342 and the first
neck 346.

[0048] A spline slot 360 is defined in the second outer band 353 and includes a first
neck 376 and a second neck 377. The first neck 376 is formed of two opposing ribs
374 wherein one extends from the inboard wall 364 and the other extends from the
outboard wall 366. The second neck 377 1s defined by two opposing ribs 375 wherein
one extends from the inboard wall 364 and the other extends from the outboard wall

366. As shown in FIG. 5, second neck 377 is spaced away from the first neck 376.

[0049] In this regard, there is provided a spline 380. Spline 380 has a first end 382
and a second end 384. A body 388 is positioned between the first end 382 and the
second end 384. First end 382 1s dimensioned such that it is configured to be received
within the spline slot 330 of the first outer band 323 such that the body 346 passes
through the necks 346 and 347 of the first outer band 323. Likewise, the second end
384 of the spline 380 is dimensioned such that it is configured to pass through the
necks 376 and 377 of the spline slot 360 of the second outer band 353.

[0050] In another alternative sealing apparatus 410 shown in FIG. 6, there is provided
a first outer band 423 and a second outer band 453. A spline slot 430 is defined in the
first outer band 423. Spline slot 430 includes a bottom 432 and an inboard wall 434
and an outboard wall 436. Spline slot 430 is configured such that the inboard wall 434
and the outboard wall 436 slope from the bottom 432 towards each other such that the
minimum distance across the spline slot 430 at a rim 442 is shorter than minimum
distance across the spline slot 430 at the bottom 432. In this regard, the inboard wall
434 and the outboard wall 436 are sloped toward each other from the bottom 432 such
that a neck 446 1s formed at rim 442.
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[0051] Continuing to refer to FIG. 6, the second outer band 453 includes a spline slot
460. Spline slot 460 includes a bottom 462 and an inboard wall 464 and an outboard
wall 466. Spline slot 460 1s configured such that the inboard wall 464 and the
outboard wall 466 slope from the bottom 462 towards each other such that the
minimum distance across the spline slot 460 at a rim 472 is shorter than minimum
distance across the spline slot 460 at the bottom 462. In this regard, the inboard wall
464 and the outboard wall 466 are sloped toward each other from the bottom 462 such
that a neck 476 is formed at rim 472. Spline slots 430 and 460 are configured to
receive opposite ends 482, 484 of the spline 480 as shown in FIG. 6.

[0052] In another alternative sealing apparatus 510 shown in FIG. 7, there is provided
a first outer band 523 and a second outer band 553. A spline slot 530 is defined in the
first outer band 523. Spline slot 530 includes a bottom 532 and an inboard wall 534
and an outboard wall 536. Spline slot 530 is configured such that the inboard wall 534
and the outboard wall 536 slope from the bottom 532 towards each other such that the
minimum distance across the spline slot 530 at a rim 542 is shorter than the minimum
distance across the spline slot 530 at the bottom 532. In this regard, the inboard wall
534 and the outboard wall 536 are sloped toward each other from the bottom 532. The
inboard wall 534 includes a block portion 533 positioned near rim 542 and the
outboard wall 536 includes a block portion 535 that 1s also positioned near rim 542.
The block portions 533 and 535 each define surfaces that are generally parallel to
each other. Together, block portions 533 and 535 define a neck 546.

[0053] Continuing to refer to FIG. 7, the second outer band 553 includes a spline slot
560. Spline slot 560 includes a bottom 562 and an inboard wall 564 and an outboard
wall 566. Spline slot 560 1s configured such that the inboard wall 564 and the
outboard wall 566 slope from the bottom 562 towards each other such that the
minimum distance across the spline slot 560 at a rim 572 is shorter than minimum
distance across the spline slot 560 at the bottom 562. In this regard, the inboard wall
564 and the outboard wall 566 are sloped toward each other from the bottom 562. The
inboard wall 564 includes a block portion 563 positioned near rim 572 and the
outboard wall 566 includes a block portion 565 that is also positioned near rim 572.
The block portions 563 and 565 each define surfaces that are generally parallel to
-9-
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each other. Together, block portions 563 and 565 define a neck 576. Spline slots 530

and 560 are configured to receive opposite ends of the spline 580.

[0054] Referring now to FIG. 8 which shows another alternative sealing apparatus
610, there is shown a first outer band 623 and a second outer band 653. First outer
band 623 includes a spline slot 630 that has a bottom 632 and the inboard wall 634
and an outboard wall 636. Opposing ribs 644 are defined on the inboard wall 634 and
the outboard wall 636 respectively. The opposing ribs 644 are positioned adjacent to
rim 642, and each rib 644 includes a flat 643. Flats 643 are substantially parallel to
each other. Opposing ribs 644 are spaced apart from the bottom 632 such that
opposing ribs 644 define a neck 646.

[0055] As shown in FIG. 8, the second outer band 653 includes a spline slot 660 that
has a bottom 662 and the inboard wall 664 and an outboard wall 666. Opposing ribs
674 are defined on the inboard wall 664 and the outboard wall 666 respectively.
Opposing ribs 674 that are positioned adjacent to rim 672, and each rib 674 includes a
flat 673. Flats 673 are substantially parallel to each other. Opposing ribs 674 are
spaced apart from the bottom 662 such that opposing ribs 674 define a neck 676.

[0056] Sealing assembly 610 includes a spline seal 680. The spline seal 680 is
generally rectangular in cross-section and includes a first end 682 and a second end
684. Spline seal 680 has a body section 688 positioned between first end 682 and the
second end 684. Body section 688 has a width B and width B is smaller than second
distance D’. As a result, the body section 688 is configured to be received at any

depth within the spline slot 630.

[0057] Figure 9 shows a sealing apparatus 710 that includes a first outer band 723 and
a second outer band 753. First outer band 723 includes a spline slot 730. Second outer
band 753 includes a spline slot 760. Spline slot 760 includes an inboard wall 734 and
an outboard wall 736. Spline slots 730 and 760 are configured such that they have
necks 746 and 776 respectively, defined by ribs 744 and 774. Sealing apparatus 710
includes a spline 780 which has a first selectively compressible end 782, a second end

784 and a body 788 positioned between first end 782 and the second end 784.

-10-
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[0058] Continuing to refer to FIG. 9, first end 782 has a width T which is greater than
width D”” when in a normal, uncompressed, configuration. First end 782 1s configured
to be compressed upon insertion within slot 730 as it passes through neck 746. Once
positioned between neck 746 and a bottom 732 first end 782 is configured to expand
such that it again has a width T. The first end 782 is configured such that spline seal
780 cannot be removed from spline slot 730 when the first end 782 is between the
bottom 732 and the neck 746. In this regard, the first end 782 of the spline 780 is
configured to retain width T when the spline 780 is pulled in a direction such that first
end 782 moves away from the bottom 732 toward the neck 746. Because width T is
greater than the width across neck 746, 1.e., width D”’, the spline seal 780 cannot be
withdrawn from the spline slot 730 once it has been inserted into the spline slot 730.
Thus once inserted into spline slot 730, spline 780 is trapped and retained by first
outer band 723. In contrast, the second end 784 of the spline 780 is dimensioned such
that it can pass through the neck 776 of the spline slot 760 of the second outer band
753 both when the second end 784 is inserted into the spline slot 760 and removed

from the spline slot 760.

[0059] Referring now to FIGS. 10 — 12, two alternative sealing apparatuses are shown
in which sealing splines each have one end that is trapped within its respective seal

slot.

[0060] Referring now to FIG. 10 which shows an alternative sealing apparatus 910, a
first outer band 923 includes a spline slot 930. Spline slot 930 includes a bottom 932,
an inboard wall 934 and an outboard wall 936 which extend from the bottom 932 to a
rim 942.

[0061] A facing layer 937 is positioned on inboard wall 934. Facing layer 937 defines
anotch 939. Notch 939 is configured to receive a portion of expanded first end 982 of
spline seal 980. A facing layer 941 is positioned on outboard wall 936. A notch 943 is
defined by the facing layer 941 and is positioned opposite the notch 939. The notch
941 is configured to receive a portion of an expanded first end 982 of a spline seal

980 (discussed further below).

-11-

Date Regue/Date Received 2022-10-21



[0062] A second outer band 953 is positioned adjacent to the first outer band 923 and
includes a spline slot 960. Spline slot 960 includes a bottom 962, and the inboard wall
964 and an outboard wall 966 which extend from the bottom 962 to a rim 942. It
should be noted that the inboard wall 964 and the outboard wall 966 are generally
parallel. A rib 974 is defined on the inboard wall 964. The rib 974 is defined on
outboard wall 966. Together ribs 974 define a neck 976.

[0063] A spline 980 is configured to be received within the spline slots 930 and 960.
In this regard, the spline 980 has a first end 982 and a second end 984 connected by
the body 988. First end 982 of the spline 980 is dimensioned such that it can be
positioned within the spline slot 930 such that the first end 982 extends beyond the
general plane of the facing layer 941 into notch 943 and beyond the general plane of
the facing layer 937 into notch 939. Continuing to refer to FIG. 10, the second end
984 of the spline 980 is configured to pass through neck 976. Thus, the spline seal 980
can be inserted directly into the spline slot 960 of second outer band 953. However
the spline seal 980 cannot be inserted directly into spline slot 930 between the facing
layers 937 and 941. A method for forming facing layers 937 and 941 via additive
manufacturing, such that facing layers 937 and 941 and notches 939 and 943 are

formed around expanded end 982 is described below.

[0064] Referring now to FIGS. 11 - 13 which show yet another alternative sealing
apparatus, as shown in FIG. 11 a first outer band 1023 is positioned adjacent to a
second outer band 1053 and joined by a spline 1080 to form a sealing assembly 1010.
It should be noted that the external features of the sealing assembly 1010 shown in
FIG. 12 are substantially similar to that of the sealing assembly 10 shown in FIG. 1.
However, internal features of the first outer band 1023, second outer band 1053 and
features of the spline 1080 vary from those of corresponding elements of the sealing

assembly 10.

[0065] Referring now to FIGS. 12 and 13, the first outer band 1023 includes a spline
slot 1030. Spline slot 1030 includes a bottom 1032, a first end wall 1091, a second
end wall 1092, an inboard wall 1034, and an outboard wall 1036. A first lip 1094 is
defined by the first end wall 1091 and a second lip 1096 is defined on the second end

-12-
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wall 1092. The first lip 1094, the first end wall 1091, and the bottom 1032 define a
first recess 1097. The second lip 1096, the second end wall 1092, and the bottom 1032

define a second recess 1098.

[0066] The second outer band 1053 is positioned adjacent to the first outer band 1023
and includes a spline slot 1060. Spline slot 1060 includes a bottom 1062, and the
inboard wall 1064 and an outboard wall 1066 which extend from the bottom 1062 to a
rim 1072.

[0067] A spline 1080 1s configured to be received within the spline slots 1030 and
1060. In this regard, the spline 1080 has a first end 1082 and a second end 1084
connected by the body 1088. First end 1082 of the spline 1080 has two tabs 1089 that
extend away from the first in 1082 of the spline 1080 into the respective first recess
1097 and the second recess 1098. In this manner, the spline 1080 is retained within
the spline slot 1030 by the interaction of the two tabs 1089 with the first lip 1094 and
the second lip 1096. It should be appreciated that spline 1080 cannot be inserted into
spline slot 1030 as described above because the tabs 1089 would interfere with and be
blocked by the first lip 1094 and the second lip 1096. Accordingly, spline 1080 must
be inserted into spline slot 1030 prior to the formation of the first lip 1094 and the
second lip 1096 according to a method utilizing the additive manufacturing process
described below. Alternatively spline 1080 could be formed using a further additive
manufacturing process described below as blocks 1094 and 1096 are formed

concurrently.

[0068] The sealing apparatus described above can be better understood by description
of the manufacture thereof. In this regard, an additive manufacturing process may be
utilized to form the complex components of the various sealing apparatuses. The
process begins with an existing part surface. The term “part " refers both to an
otherwise-complete component as well as a part in an uncompleted state, such as a
rough casting, blank, preform, or part manufactured by an additive manufacturing
process. For example the ribs or other neck structures of the slots described above can
be formed by an additive manufacturing process. Initially, the part surface is

appropriately prepared as required to accept bonding of a powdered material thereto.
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For example, contaminants may be removed and/or the surface roughened by

solvents, fluoride 1on cleaning, grit blasting, etc.

[0069] Next, a powder is adhered to the surface. The powder may be any suitable
material for additive manufacturing. By way of example and not limitation, the
powder may be one of the following: metallic, polymeric, organic, ceramic
compositions, metal-ceramic composites, abradable materials, and a combination

thereof.

[0070] As used herein, the term “"adhere " refers to any method that causes a layer to
adhere to the surface with sufficient bond strength so as to remain in place during a
subsequent powder fusion process. "Adhering " implies that the powder has a bond or
connection beyond simply resting in place under its own weight, as would be the case
with a conventional powder-bed machine. For example, the surface may be coated
with an adhesive product, which may be applied by methods such as dipping or
spraying. One non-limiting example of a suitable low-cost adhesive is Repositionable
75 Spray Adhesive available from 3M Company, St. Paul, MN 55144 US.
Alternatively, powder could be adhered by other methods such as electrostatic
attraction to the part surface, or by magnetizing the powder (if the part is ferrous). As
used herein, the term "layer " refers to an incremental addition of mass and does not

require that the layer be planar, or cover a specific area or have a specific thickness.

[0071] The powder may be applied by dropping or spraying the powder over the
surface, or by dipping the part in powder. Powder application may optionally be
followed by brushing, scraping, blowing, or shaking as required to remove excess
powder, for example to obtain a uniform layer. It is noted that the powder application
process does not require a conventional powder bed or planar work surface, and the
part may be supported by any desired means, such as a simple worktable, clamp, or

fixture.

[0072] Once the powder is adhered, a directed energy source (such as a laser or
electron beam) is used to melt a layer of the structure being built. The directed energy

source emits a beam and a beam steering apparatus is used to steer the beam over the
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exposed powder surface in an appropriate pattern. The exposed layer of the powder is
heated by the beam to a temperature allowing it to melt, flow, and consolidate. This

step may be referred to as fusing the powder.

[0073] The fusing step may be followed by removing any un-fused powder (e.g. by
brushing, scraping, blowing, or shaking) as required. This step is optional, meaning it

may or may not be required or desired for a particular application.

[0074] This cycle of adhering powder, removing excess powder, and then directed

energy melting the powder is repeated until the entire component 1s complete.

[0075] FIGS. 16 through 19 illustrate sequential steps in the process of manufacturing
and additive structure 1132, using the process described above, initially, the substrate

1112 is provided and the surface 1114 is prepared as required.

[0076] Powder P is then adhered to the surface 1114. In the illustrated example the
powder P is adhered by first applying an adhesive 1125 to the surface 1114 (FIG. 15),
and then applying the powder P over the adhesive 1125. Excess powder P may be
removed. FIG. 16 shows the substrate 1112 after application of a layer of powder P.
As a nonlimiting example, the thickness of the powder layer may be about 10 pm

(0.0004 in.)

[0077] A directed energy source (such as a laser or electron beam gun) is used to melt
the layer of powder P in a pre-programmed pattern representing a desired structure, as
shown in FIG. 17. The directed energy source emits a beam "Bm" and a beam
steering apparatus is used to steer the focal spot "S " of the beam Bm over the
exposed powder surface in an appropriate pattern. The exposed layer of the powder P
is heated by the beam Bm to a temperature allowing it to melt, flow, and consolidate.
Powder P and the surface 1114 heated by the beam Bm such that the consolidated

layer formed by fused powder P is fused and/or attached to the surface 1114.

[0078] An advantage of the additive manufacturing process is that blind areas can be
formed that would be impractical and/or impossible to form using conventional

means. By way of example and referring in part to FIG. 3 that shows the sealing
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apparatus 10, the ribs 44 of spline slot 30 can be formed using the additive process as
follows. First, the outer band 23 having a spline slot 30 formed therein is oriented
such that spline slot 30 can receive and retain powder. The relative positions of the
bottom 32 and the rim 42 can be any orientation in which powder can be retained
satisfactorily over the surface that is to be modified. For purposes of illustration, in
this step the orientation of the spline slot 30 will be considered to be vertical. Stated
another way, the rim 42 of spline slot 30 is positioned over the bottom 32 of spline
slot 30. As indicated in the exemplary additive manufacturing process described
above, the adhesive step, while normally first, is optional. In this case, no adhesive is
applied before the first powder is introduced. The powder is introduced to cover the
bottom 32 until slot 30 is filled to a level approximately that of the nearest portion of
rib 44 to bottom 32. The powder is then fused at this point in the areas in which it is
desired to have rib 44. The ribs 44 continue to be built up by repeated applications of
adhesive, a powder, and fusing energy. At each layer, the powder extends from the
inboard wall 34 to the outboard wall 36. However the powder is only fused to the
extent of the ribs 44. In this manner neck 46 is produced. It should be appreciated
that, in some embodiments, a layer can be fused only to a previous layer and not to

either the inboard wall 34 or the outboard wall 44, or the bottom 32.

[0079] Referring now to the method of additive manufacturing for producing sealing
apparatus 310 shown in FIG. 5, it should be appreciated that it is similar to the method
for producing sealing apparatus 10 except the formation of ribs is repeated. In this
regard the ribs 344 are formed first, then at least one layer of powder predetermined
thickness is provided across the full extent of the width of the spline slot 330. Then
the ribs 345 are formed. Ribs 374 and 375 of the second spline slot 360 are formed in

a similar manner.

[0080] The additive manufacturing process can also be used to form spline 180 and

ribs 144 sequentially such that spline 180 is introduced within spline slot 130 of outer

band 123 without interference of the ribs 144. In this regard, outer band 123 is

oriented as described above such the powder can be placed on the bottom 132 of

spline slot 130. The depth of the powder on the bottom 132 of spline slot 130 is

adjusted such that it reaches a predetermined position of the first end 182 of the spline
-16-
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seal 180. At this point the alternating adhesive, fusing, and powder application steps
described above are repeated as spline 180 is formed. In a predetermined layer of
powder, powder is fused both in the area of the spline 180 and the areas of the ribs
144. Additional layers are provided where portions of both the ribs 144 and the spline
180 are fused until the ribs 144 are completed. Layers of powder continued to be
added until the spline 180 is completed. By way of example and not limitation,
powder layers positioned above outer band 123 during the formation of the spline seal
180 can be contained by one of the following: a temporary wall built around the
perimeter of spline slot 130, a jig configured to receive outer band 123, a frame, and a

combination thereof.

[0081] Referring to the other trapped spline seals shown in the figures, it should be
appreciated that the spline slots and spline seals shown in FIGS. 9-13 can be produced
using an additive method similar to that described above for sealing apparatus 10.
Sealing apparatus 930 can be formed according to the additive manufacturing process
described with regards to sealing apparatus 110 wherein the spline seal 980 is formed

contemporaneously with facing layers 937 and 941, respectively.

[0082] The foregoing has described a sealing apparatus that includes complex spline
slots and splines. The sealing apparatus that includes the spline slots and spline seals
reduces leakage by restricting leakage flow path through the spline slots between the
spline slot walls and seals. Such seal apparatuses can include curved seal slots and
faces, curved splines, ribs that are not of constant cross-sectional shape or constant
location along the slot length, other rib shapes, and other spline shapes. Such
reduction in leakage results in increased efficiencies of the associated aircraft

components.

[0083] The foregoing has also described a method for forming the sealing apparatus
using additive manufacturing. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of
any method or process so disclosed, may be combined in any combination, except
combinations where at least some of such features and/or steps are mutually

exclusive.
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[0084] Each feature disclosed in this specification (including any accompanying
claims, abstract and drawings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

[0085] The invention is not restricted to the details of the foregoing sealing
apparatus(s). The invention extends any novel one, or any novel combination, of the
features disclosed in this specification (including any accompanying potential points
of novelty, abstract and drawings), or to any novel one, or any novel combination, of

the steps of any method or process so disclosed.
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WHAT IS CLAIMED IS:

1. A method of forming a sealing structure in a turbine component having
a seal slot, the slot including walls defining an opening therebetween, the method
comprising using an additive manufacturing process to form a neck structure on at least
one of the walls so as to reduce a size of the opening,

positioning a turbine component such that powder can be contained by the seal slot;

adding powder to the seal slot until the powder is at a predetermined level relative to

the walls;

selectively fusing a portion of an uppermost layer of the powder; and

removing un-fused powder from the seal slot so as to leave the neck structure in place.

2. The method according to claim 1, further comprising depositing an
additional layer of powder on the uppermost layer of powder; and fusing at least some of

the additional layer of powder to at least a portion of the fused section of the previous layer.

3. The method according to claim 2, further comprising fusing a part of a

layer of powder to at least one of the walls.

4. The method of claim 1, further comprising repeating in a cycle the steps

of depositing and fusing to build up the structure in a layer-by-layer fashion.

5. The method of claim 4, wherein the structure is a rib attached to a wall
of the slot.
6. The method of claim 4, further comprising adding at least one unfused

layer before reinitiating the cycle of repeating the steps of depositing and fusing to build

up another structure that is spaced-apart from the first structure.

7. The method of claim 1, wherein the turbine component comprises a metal
alloy.
8. The method of claim 1, wherein the powder comprises a metal alloy.
-19-
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9. A method of forming a sealing structure in a turbine component having
a seal slot sequentially with a spline seal, the slot including walls defining an opening
therebetween and at least a portion of the spline seal positioned in the opening, the method
comprising using an additive manufacturing process to form a neck structure on at least
one of the walls so as to reduce a size of the opening and to form a spline seal positioned
within the opening,

positioning a turbine component such that powder can be contained by the seal slot;

depositing powder to the seal slot until the powder is at a predetermined position of a

first end of the spline seal;

fusing powder in the region of the spline seal while leaving powder that is not in the

region of the spline seal unfused; and

removing un-fused powder from the seal slot so as to leave the neck structure in place.

10. The method according to claim 9, further comprising repeating the
depositing and fusing steps until a retaining end of the spline seal is formed; and continuing
repeating the depositing and fusing steps to define spaced apart fused areas such that

portions of the spline seal and portions of the neck structure are formed

contemporaneously.
11. The method of claim 10, wherein the component comprises a metal alloy.
12. The method of claim 10, wherein the powder comprises a metal alloy.
13. A sealing apparatus for a gas turbine engine made according to the

method as defined in claim 9, the sealing apparatus comprising:

a component having a seal slot, the slot including spaced-apart lateral walls
defining an opening therebetween;

a spline seal disposed in the seal slot, the spline seal having an enlarged portion
with a predetermined first dimension; and

a trapping element of the seal slot defining a second dimension smaller than first

dimension so as to trap the seal in the seal slot.
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14. The sealing apparatus for a gas turbine engine according to claim 13,
wherein the dimensions of the trapping element and the enlarged portion of the spline seal
are such that the enlarged portion of the spline seal cannot be introduced into the seal slot

when the trapping element is in place.

15. The apparatus of claim 13, wherein the component comprises a metal
alloy.
16. The apparatus of claim 13, wherein the spline seal comprises a metal
alloy.
221 -
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