wo 2017/123524 A1 [N 00000 OO O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/123524 Al

20 July 2017 (20.07.2017) WIPOI|PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
FO1D 5/30 (2006.01) FOID 25/16 (2006.01) kind of national protection available): AE, AG, AL, AM,
B23P 6/00 (2006.01) FOID 25/24 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
B23K 20/12 (2006.01) FO1D 25/28 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
B23P 15/04 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(21) International Application Number: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
PCT/US2017/012805 MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(22) International Filing Date: NL NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
10 January 2017 (10.01.2017) RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(25) Filing Language: English ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
14/992,091 11 January 2016 (11.01.2016) Us GM. KE, LR, LS, MW, MZ, NA, RW., SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: GENERAL ELECTRIC COMPANY TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[US/US]; 1 River Road, Schenectady, NY 12345 (US). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors: COLLETTI, Andrew, Joseph; 300 Garlington LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 5K,
Road, Greenville, SC 29615 (US). WILLIAMS, Bryan, SM, TR), OAPL (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
. . GW, KM, ML, MR, NE, SN, TD, TG).
Edward; 300 Garlington Road, Greenville, SC 29615 ’ ? ’ e
(US). BUCHAN, Charles, Van; 300 Garlington Road, Declarations under Rule 4.17:
Greenville, SC 29615 (US). — as to applicant’s entitlement to apply for and be granted a
(74) Agents: KRAMER, John, A. et al.; General Electric Com- patent (Rule 4.17(ii))

pany, Global Patent Operation, 901 Main Avenue, 3rd
Floor, Norwalk, CT 06851 (US).

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: METHODS FOR MOUNTING A TURBINE SUBCOMPONENT TO A TURBINE COMPONENT

302
N

400
oy

406

108

\{

400 404
200

200

404

\\ / u
O O T T (T G LS

\
104 1op 106

108 FIG. 4

402

e
\ ™~

400

(57) Abstract: Methods for mounting a turbine
sub-component (100) to a turbine component
(102) are disclosed, including positioning a re-
taining portion (104) of the turbine sub-compon-
ent (100) along a positioning path (108) into as-
sociation with an emplacement (106) of the tur-
bine component (102). The retaining portion
(104) is orthogonally interlocked with the em-
placement (106) relative to the positioning path
(108). The retaining portion (104) and the em-
placement (106) define at least one interface
(200) extending along the positioning path (108).
The retaining portion (104) is welded to the em-
placement (106) along the at least one interface
102 (200, 300, 302), forming at least one weld
(400,404,406). The welding method is preterably
one of friction welding such as friction stir weld-
ing or friction spot welding. The turbine compon-
ent (102) is preferably a turbine disk and the sub-
component (100) is preferably a turbine blade.

300



wO 2017/123524 A1 W00 00T A A A

Published:
—  with international search report (Art. 21(3))



WO 2017/123524 PCT/US2017/012805

METHODS FOR MOUNTING A TURBINE SUBCOMPONENT TO A
TURBINE COMPONENT

FIELD OF THE INVENTION

[0001] The present invention is directed to methods for mounting a turbine subcomponent to
a turbine component. More particularly, the present invention is directed to methods for

mounting a turbine subcomponent to a turbine component by welding.
BACKGROUND OF THE INVENTION

[0002] Gas turbines operate under extreme conditions, including elevated temperatures,
corrosive environments, and high speed rotational contact between turbine components.
These conditions cause wear over time on certain of the turbine components, necessitating
repair or partial or complete replacement of the components. Therefore certain components,
such as airfoils, are reversibly attached to facilitate inspection, repair and replacement.
Additionally, other components include rotational wear surfaces which degrade over time and

which therefore must be removed and repaired or replaced, for example, with patch rings.

[0003] Installation of components such as airfoils and patch rings typically includes
attachment by techniques such as staking, in order to securely attach the component under the
rigorous operating conditions of gas turbines. However, attachment by staking may include
certain disadvantages, such as crack susceptibility, lack of repeatability, and imprecision.

Further, in some cases, automation of the staking process may be impractical.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In an exemplary embodiment, a method for mounting a turbine subcomponent to a
turbine component includes positioning a retaining portion of the turbine subcomponent
along a positioning path into association with an emplacement of the turbine component. The
retaining portion is orthogonally interlocked with the emplacement relative to the positioning
path. The retaining portion and the emplacement define at least one interface extending along
the positioning path. The retaining portion is welded to the emplacement along the at least

one interface, forming at least one weld.

[0005] Other features and advantages of the present invention will be apparent from the

following more detailed description of the preferred embodiment, taken in conjunction with
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the accompanying drawings, which illustrate, by way of example, the principles of the

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of a turbine subcomponent in position to be mounted to a

turbine component, according to an embodiment of the present disclosure.

[0007] FIG. 2 is a perspective view of the turbine subcomponent of FIG. 1 while being
mounted to the turbine component of FIG. 1, according to an embodiment of the present

disclosure.

[0008] FIG. 3 is a perspective view of the turbine subcomponent of FIG. 1 with the retaining
portion fully engaged into the emplacement of the turbine component of FIG. 1, according to

an embodiment of the present disclosure.

[0009] FIG. 4 is a plan view of the turbine subcomponent of FIG. 1 mounted to the turbine

component of FIG. 1, according to an embodiment of the present disclosure.

[0010] FIG. 5 is a front view of the turbine subcomponent of FIG. 1 mounted to the turbine

component of FIG. 1, according to an embodiment of the present disclosure.

[0011] FIG. 6 is a perspective view of a turbine subcomponent in position to be mounted

onto a turbine component, according to an embodiment of the present disclosure.

[0012] FIG. 7 is a perspective view of the turbine subcomponent of FIG. 6 mounted onto the

turbine component of FIG. 6, according to an embodiment of the present disclosure.

[0013] FIG. 8 is a perspective view of a turbine subcomponent in position to be mounted into

a turbine component, according to an embodiment of the present disclosure.

[0014] FIG. 9 is a perspective view of the turbine subcomponent of FIG. 8 mounted into the

turbine component of FIG. 8, according to an embodiment of the present disclosure.

[0015] Wherever possible, the same reference numbers will be used throughout the drawings

to represent the same parts.

DETAILED DESCRIPTION OF THE INVENTION
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[0016] Provided are exemplary methods for mounting a turbine subcomponent to a turbine
component. Embodiments of the present disclosure, in comparison to methods not utilizing
one or more features disclosed herein, decrease costs, increase reparability, improve
component engagement, reduce life cycle costs, increase service intervals, improve retention
properties, reduce the weld heat affected zone, reduce susceptibility of airfoil walking, reduce

susceptibility of crack formation, or a combination thereof.

[0017] Referring to FIG. 1, in one embodiment, a turbine subcomponent 100 is mounted to a
turbine component 102. The turbine subcomponent 100 includes a retaining portion 104. The
turbine component 102 includes an emplacement 106. The turbine component 102 may be
any suitable component, including, but not limited to, a wheel (disk). The turbine
subcomponent 100 may be any component suitable for mounting to the turbine component
102, including, but not limited to, at least one of an airfoil having a dovetail as the retaining
portion 104, a bushing, a patch ring, a journal sleeve, an instrumentation plug, and a

coverplate.

[0018] Referring to FIGS. 1-3, in one embodiment, the retaining portion 104 is positioned

along a positioning path 108 into association with an emplacement 106.

[0019] Referring to FIG. 3, the retaining portion 104 is orthogonally interlocked with the
emplacement 106 relative to the positioning path 108. The retaining portion 104 and the
emplacement 106 define at least one interface 200 extending along the positioning path 108.

The at least one interface 200 may include a first interface 300 and a second interface 302.

[0020] Referring to FIGS. 4 and 5, in one embodiment, the retaining portion 104 is welded to
the emplacement 106 along the at least one interface 200, forming at least one weld 400.
Welding the retaining portion 104 to the emplacement 106 along the at least one interface
200 may include any suitable welding technique. In one embodiment, the suitable welding
techniques is a friction welding technique, such as, but not limited to, friction stir welding,
friction spot welding, or a combination thereof. In another embodiment, the welding
technique includes, in addition to or in lieu of a friction welding technique, at least one of gas
tungsten arc welding, gas metal arc welding, shielded metal arc welding, flux-cored arc
welding, electroslag welding, submerged arc welding, plasma arc welding, laser beam
welding, electron beam welding, resistance welding, or a combination thereof. Suitable

welding techniques may produce a weld penetration depth of less than about 0.25 inches,
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alternatively less than about 0.15 inches, alternatively less than about 0.1 inches, alternatively
between about 0.02 inches and about 0.25 inches, alternatively between about 0.02 inches
and about 0.15 inches, alternatively between about 0.02 inches and about 0.1 inches,
alternatively between about 0.05 inches and about 0.25 inches, alternatively between about
0.05 inches and about 0.15 inches, alternatively between about 0.05 inches and about 0.1
inches. Without being bound by theory, it is believed that a weld penetration depth which is
too small may lead to insufficient weld strength for turbine operating conditions, whereas a
weld penetration depth which is too large may lead to damaging the turbine subcomponent
100 or the turbine component 102 in the event that the turbine subcomponent 100 is

dismounted from the turbine component 102.

[0021] Mounting the turbine subcomponent 100 to the turbine component 102 may define an
independent interface 402 adjacent to the at least one interface 200 along an entire length of
the at least one interface 200, wherein the retaining portion 104 remains unattached to the
emplacement 106 across the independent interface 402 as the retaining portion 104 is welded
to the emplacement 106. The retaining portion 104 may contact the emplacement 106 across
the independent interface 402 or the retaining portion 104 may be separated from the

emplacement 106 across the independent interface 402 by a gap.

[0022] In one embodiment, welding the retaining portion 104 to the emplacement 106
includes manually performing the welding. In another embodiment, welding the retaining
portion 104 to the emplacement 106 includes employing an automated welding apparatus (not
shown) to perform the welding. The automated welding apparatus may index along the at

least one interface 200, forming the at least one weld 400.

[0023] Referring to FIG. 4, the retaining portion 104 may be welded to the emplacement 106
along the at least one interface 200 along the positioning path 108. Referring to FIG. 5, the
retaining portion 104 may be welded to the emplacement 106 along the at least one interface

200 at a terminus 500 of the retaining portion 104,

[0024] Referring again to FIGS. 4 and 5, forming the at least one weld 400 may include
forming a plurality of discrete welds 404 along the at least one interface 200, forming a weld

seam 406 along the entire length of the at least one interface 200, or a combination thereof.

[0025] In one embodiment, wherein the at least one interface 200 includes a first interface

300 and a second interface 302, welding the retaining portion 104 to the emplacement 106

-4-
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includes welding the emplacement 106 to the receptacle 104 along one of the first interface
300 and the second interface 302 or each of the first interface 300 and the second interface

302.

[0026] In one embodiment, following formation of the at least one weld 400, the turbine
subcomponent 100 is dismounted from the turbine component 102. Dismounting the turbine
subcomponent 100 from the turbine component 102 may include severing the at least one
weld 400. Severing the at least one weld may include any suitable technique, including, but
not limited to, milling the at least one weld 400, machining out the at least one weld 400,
laser cutting the at least one weld 400, drilling out the at least one weld 400, chiseling out the
at least one weld 400, and combinations thereof. In a further embodiment, following the
dismounting of the turbine subcomponent 100 from the turbine component 102, the turbine
subcomponent 100 is remounted to the turbine component 102. Between the turbine
subcomponent 100 being dismounted from the turbine component 102 and remounted to the
turbine component 102, the turbine subcomponent 100 may be subjected to an additional
process, including, but not limited to, inspecting the turbine component 102, repairing the
turbine component 102, modifying the turbine component 102, or a combination thereof. In
an alternate further embodiment, following the dismounting of the turbine subcomponent 100
from the turbine component 102, a replacement turbine subcomponent (not shown) is
mounted to the turbine component 102. Mounting the replacement turbine subcomponent
includes positioning a replacement retaining portion (not shown) of the replacement turbine

subcomponent into association with the emplacement 106.

[0027] Referring to FIGS. 6 and 7, in one embodiment positioning the retaining portion 104
into association with the emplacement 106 includes fitting the retaining portion 104 onto the
emplacement 106. The retaining portion 104 is welded to the emplacement 106 along the at
least one interface 200, forming the at least one weld 400. Mounting the turbine
subcomponent 100 to the turbine component 102 may define the independent interface 402,
wherein the retaining portion 104 remains unattached to the emplacement 106 across the
independent interface 402 as the retaining portion 104 is welded to the emplacement 106. The
retaining portion 104 may be welded to the emplacement 106 along the at least one interface
200 at a terminus 500 of the retaining portion 104. Forming the at least one weld 400 may
include forming a plurality of discrete welds 404 (not shown) along the at least one interface

200, forming a weld seam 406 along the entire length of the at least one interface 200, or a
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[0028] Referring to FIGS. 8 and 9, in one embodiment positioning the retaining portion 104
into association with the emplacement 106 includes fitting the retaining portion 104 into the
emplacement 106. The retaining portion 104 is welded to the emplacement 106 along the at
least one interface 200, forming the at least one weld 400. Mounting the turbine
subcomponent 100 to the turbine component 102 may define the independent interface 402,
wherein the retaining portion 104 remains unattached to the emplacement 106 across the
independent interface 402 as the retaining portion 104 is welded to the emplacement 106. The
retaining portion 104 may be welded to the emplacement 106 along the at least one interface
200 at a terminus 500 of the retaining portion 104. Forming the at least one weld 400 may
include forming a plurality of discrete welds 404 (not shown) along the at least one interface
200, forming a weld seam 406 along the entire length of the at least one interface 200, or a

combination thereof.

[0029] While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this invention, but that the invention

will include all embodiments falling within the scope of the appended claims.
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Claims

What is claimed is:

1. A method for mounting a turbine subcomponent to a turbine component, comprising:
positioning a retaining portion of the turbine subcomponent along a
positioning path into association with an emplacement of the turbine component;
orthogonally interlocking the retaining portion with the emplacement relative
to the positioning path, the retaining portion and the emplacement defining at
least one interface, the at least one interface extending along the positioning path;
and
welding the retaining portion to the emplacement along the at least one

interface, forming at least one weld.

2. The method of claim 1, wherein positioning the retaining portion into association with

the emplacement includes fitting the retaining portion into the emplacement.

3. The method of claim 1, wherein positioning the retaining portion into association with

the emplacement includes fitting the retaining portion onto the emplacement.

4. The method of claim 1, wherein welding the retaining portion to the emplacement

includes friction welding the retaining portion to the emplacement.

5. The method of claim 4, wherein friction welding the retaining portion to the
emplacement includes friction stir welding the retaining portion to the emplacement,
friction spot welding the retaining portion to the emplacement, or a combination

thereof.

6. The method of claim 1, wherein forming the at least one weld includes forming a

plurality of discrete welds along the at least one interface.

7. The method of claim 1, wherein forming the at least one weld includes forming a

weld seam along an entire length of the at least one interface.

8. The method of claim 1, wherein defining the at least one interface includes defining a

first interface and a second interface.

9. The method of claim 8, wherein welding the retaining portion to the emplacement
includes welding the emplacement to the receptacle along each of the first interface

and the second interface.
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10. The method of claim 8, wherein forming the at least one weld includes forming a

plurality of discrete welds along one of the first interface and the second interface.

11. The method of claim 1, further including dismounting the turbine subcomponent from

the turbine component.

12. The method of claim 11, wherein dismounting the turbine subcomponent from the

turbine component includes severing the at least one weld.

13. The method of claim 12, wherein severing the at least one weld includes a technique
selected from the group consisting of milling the at least one weld, machining out the
at least one weld, laser cutting the at least one weld, drilling out the at least one weld,

chiseling out the at least one weld, and combinations thereof.

14. The method of claim 12, further including remounting the turbine subcomponent to

the turbine component.

15. The method of claim 12, further including mounting a replacement turbine
subcomponent to the turbine component, mounting the replacement turbine
subcomponent including positioning a replacement retaining portion of the

replacement turbine subcomponent into association with the emplacement.

16. The method of claim 1, wherein mounting the turbine subcomponent to the turbine
component defines an independent interface adjacent to the at least one interface
along an entire length of the at least one interface, the retaining portion remaining
unattached to the emplacement across the independent interface as the retaining

portion is welded to the emplacement.
17. The method of claim 1, wherein the turbine component is a wheel (disk).

18. The method of claim 17, wherein the turbine subcomponent is selected from the group
consisting of at least one of a bushing, a patch ring, a journal sleeve, an

instrumentation plug, and a coverplate.

19. The method of claim 17, wherein the turbine subcomponent is an airfoil and the

retaining portion is a dovetail.

20. The method of claim 1, wherein welding the retaining portion to the emplacement
includes an automated welding apparatus indexing along the at least one interface,

forming the at least one weld.
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