Office de la Propriete Canadian CA 2743593 C 2014/04/15

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 743 593
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
(13) C

(86) Date de dépot PCT/PCT Filing Date: 2009/10/19 (51) CLInt./Int.Cl. FO1D 25/28 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2010/06/03 B64C 7/02 (2006.01), B64D 29/06 (2006.01),

FO2C 7/20 (2006.01)
(45) Date de delivrance/lssue Date: 2014/04/15
(72) Inventeurs/Inventors:

(85) Entree phase nationale/National Entry: 2011/05/12 HOWARTH, GRAHAM F. US:
(86) N° demande PCT/PCT Application No.: US 2009/061118 CALDER, DAVID P., US
(87) N° publication PCT/PCT Publication No.: 2010/062494 (73) Proprietaire/Owner:

MRA SYSTEMS, INC., US

(30) Priorite/Priority: 2008/11/26 (US12/324,429)
(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : NACELLE ET PROCEDE D'ASSEMBLAGE DE CELLE-CI
(54) Title: NACELLE AND METHOD OF ASSEMBLING THE SAME

204\ 214

256

(57) Abregeé/Abstract:

A method of assembling a nacelle (200) for a gas turbine engine that includes an inlet end (201), an exhaust end (209), and an axis
(X) that extends through the engine from the inlet end through the exhaust end is provided. The method includes providing a cowl
(204) sized to cover at least a portion of the engine and coupling the cowl to the engine such that the cowl Is slideable along the
axis toward at least one of the inlet end and the exhaust end.

rachRE f /[ [
Ravon, R AN i‘"...
AN L 7
SR e CIPO
3 Y
SRR ‘-g;}::q
4
3

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




WO 2010/062494 A1 |[HIL 1! HHP Y OOV 1RO RAY RO R R

CA 02743593 2011-05-12

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

3 June 2010 (03.06.2010)

(10) International Publication Number

WO 2010/062494 A1l

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
FOID 25/28 (2006.01) B64C 7/02 (2006.01)
FO2C 7/20 (2006.01) B64D 29/06 (2006.01)

International Application Number:
PCT/US2009/061118

International Filing Date:
19 October 2009 (19.10.2009)

Filing Language: English
Publication Language: English
Priority Data:

12/324,429 26 November 2008 (26.11.2008) Uus

Applicant (for all designated States except US): MRA
SYSTEMS, INC. [US/US]; 800 Long Ridge Road, Stam-
ford, CT 06927 (US).

Inventors; and

Inventors/Applicants (for US only): HOWARTH, Gra-
ham, F. [US/US]; 17 Armillary Circle, Middletown, DE
19709 (US). CALDER, David, P. [US/US]; 9470 Seven
Courts Drive, Baltimore, MD 21236 (US).

Agents: PHILLIPS, Roger, C. ¢t al.; Patent Counsel,
General Electric Company, Global Patent Operation, P.O.
Box 861, 2 Corporate Drive, Suite 648 Shelton, CT
06484 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

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

[Continued on next page]

(54) Title: NACELLE AND METHOD OF ASSEMBLING THE SAME

214

(57) Abstract: A method of assembling a nacelle (200) for a gas turbine engine that includes an mlet end (201), an exhaust end
(209), and an axis (x) that extends through the engine from the inlet end through the exhaust end 1s provided. The method includes
providing a cowl (204) sized to cover at least a portion of the engine and coupling the cowl to the engine such that the cowl i1s
slideable along the axis toward at least one of the inlet end and the exhaust end.



CA 02743593 2011-05-12

WO 2010/062494 A1 IR A0N V0 AR 00 RO 0 O A

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



CA 02743593 2011-05-12
WO 2010/062494 PCT/US2009/061118

NACELLE AND METHOD OF
ASSEMBLING THE SAME

BACKGROUND OF THE INVENTION

[0001] The ficld of this disclosure relates generally to nacelles and,

more¢ particularly, to a nacelle and a method of assembling the same.

[0002] Many known gas turbine engine assemblies include a nacelle
that houses an engine. At least some known nacelles include a cowl that has hinged
sections that can be propped open using support rods to permit engine maintenance.
However, when propped open, the cowl sections may be subjected to significant wind
ousts, requiring the cowl sections and the support rods to be sized larger 1n order to
withstand the wind gusts when the cowl 1s 1n the open position. However, larger cowl
sections and larger hold-open components increase the overall weight of the engine
assembly, thereby decreasing the fuel efficiency of the engine and increasing the costs

associated with operating the engine.

[0003] As such, a nacelle that enables a cowl to remain open while
reducing wind loads on the cowl would facilitate decreasing the overall weight of the
cowl and associated hold-open components, thereby increasing engine efficiency by

reducing fuel consumption.
BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect, a method of assembling a nacelle for a gas
turbine engine that includes an inlet end, an exhaust end, and an axis that extends
through the engine from the inlet end through the exhaust end 1s provided. The
method 1ncludes providing a cowl sized to cover at least a portion of the engine and
coupling the cowl to the engine such that the cowl 1s slideable along the axis toward at

least one of the 1nlet end and the exhaust end.
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[0005] In another aspect, a nacelle for housing an engine that
includes an 1nlet end, an exhaust end, and an axis extending through the engine from
the 1nlet end through the exhaust end 1s provided. The nacelle includes a cowl sized
to cover at least a portion of the engine, the cowl configured to be coupled to the
engine such that the cowl 1s slideable along the axis toward at least one of the inlet

end and the exhaust end.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 1s a schematic 1llustration of an aircraft;

[0007] Figure 2 1s a perspective view of a gas turbine engine

assembly for use on the aircraft shown in Figure 1;

[0008] Figure 3 1s an exploded view of a mounting assembly for use
in coupling the engine assembly shown in Figure 2 to the fuselage of the aircraft

shown 1n Figure 1;

[0009] Figure 4 1s an enlarged side elevation view of a connection

mechanism for use in the mounting assembly shown 1n Figure 3;

[0010] Figure 5 1s an enlarged perspective view of a guide

arrangement for use 1n the mounting assembly shown 1n Figure 3;

[0011] Figure 6 1s an enlarged side elevation view of a track

arrangement for use 1in the mounting assembly shown in Figure 3;

[0012] Figure 7 1s an enlarged perspective view of a pylon for use in
coupling the engine assembly shown 1n Figure 2 to a wing of the aircraft shown 1n

Figure 1; and

[0013] Figure 8 18 a perspective view of a portion of the engine

assembly shown in Figure 2 coupled to the pylon shown 1n Figure 7.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] The following detailed description illustrates a nacelle and a
method of assembling the same by way of example and not by way of limitation. The
description enables one of ordinary skill 1n the art to make and use the disclosure, and
the description describes several embodiments of the disclosure, including what 1s
presently believed to be the best mode of carrying out the disclosure. The disclosure
1s described herein as being applied to a preferred embodiment, namely, a nacelle and
a method of assembling the same. However, 1t 1s contemplated that this disclosure
has gencral application to cowls in a broad range of systems and in a variety of

industrial and/or consumer applications.

[0015] Figure 1 1s a schematic illustration of an aircraft 100
including a fuselage 102 and a pair of wings 104. In one embodiment, aircraft 100
includes a pair of engine assemblies 108 coupled to fuselage 102 via a pair of fuselage
pylons 110. In another embodiment, engine assemblies 108 may be suspended from
wings 104 via a pair of wing pylons 112. Fusclage pylons 110 and wing pylons 112
may be coupled to fuselage 102 and wings 104, respectively, using any suitable

coupling arrangement (¢.g., a bolted arrangement).

[0016] Figure 2 1s a perspective view of engine assembly 108. In the
exemplary embodiment, engine assembly 108 includes a generally annular nacelle
200 that 1s coupled about a gas turbine engine. Nacelle 200 includes an 1nlet 202, a
fan cowl 204, and a translating cowl 206 (heremafter referred to as a “transcowl”™).
Inlet 202 circumscribes an inlet end 201 of the engine, and translating cowl 206
circumscribes an exhaust end 209 of the engine, such that an axis X extends through a
center of the engine from inlet end 201 through exhaust end 209. Inlet 202 has a
diameter D, that 1s larger than a diameter D, of fan cowl 204, and diameter D, of fan
cowl 204 1s larger than a diameter D3 of transcowl 206. Fan cowl 204 covers a
portion of the engine such that a first end 210 of fan cowl 204 abuts 1nlet 202 and
such that a second end 212 of fan cowl 204 overlaps a portion of transcowl 206.

Alternatively, mlet 202, fan cowl 204, and/or transcowl 206 may have any suitable
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diameters and may be positioned relative to one another in any suitable manner that
enables nacelle 200 to function as described herein. As used herein, the term ““fan
cowl” refers to a cowl for use in covering any portion of an engine and 1s not limited

to a cowl for use 1in covering a fan.

[0017] Figure 3 1s an exploded view of an exemplary mounting
assembly 242 for use in coupling fan cowl 204 to fuselage pylon 110 (shown 1n
Figure 1). In the exemplary embodiment, fan cowl 204 includes a first half 214 and a
seccond half 216. First half 214 includes an mner surface 218 and an outer surface
220, and second half 216 includes an 1nner surface 222 and an outer surface 224. A
locking assembly 226 joins first half 214 to second half 216 at a first joint 228, and
mounting assembly 242 joins first half 214 to second half 216 at a second joint 230.
Mounting assembly 242 includes a connection mechanism 400 slideably coupled

within a track arrangement 600 via a guide arrangement 500.

[0018] Locking assembly 226 includes a first latch 232, a second
latch 234, and a limit stop 236. First latch 232 and second latch 234 are exposed on
first halt outer surtace 220 and/or second half outer surface 224 such that first latch
232 and/or second latch 234 are openable by a user when first halt 214 1s coupled to
second half 216. In the exemplary embodiment, limit stop 236 1s an expandable rod
(c.g., a telescopic rod) that includes a first end 238 coupled to first half inner surface
218 and a second end 240 coupled to second half imnner surface 222 such that limat
stop 236 spans first joint 228. Alternatively, limit stop 236 may be any suitable stop

mechanism that enables locking assembly 226 to function as described herein.

[0019] Figure 4 1s an enlarged side clevation view of connection
mechanism 400. Connection mechanism 400 includes a first connection member 402,
a second connection member 404, a rate control device 406, a first mounting bracket
460, a second mounting bracket 462, a third mounting bracket 464, and a fourth
mounting bracket 466.
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[0020] First connection member 402 includes a first drive arm 408, a
first guide arm 410, a second guide arm 412, and a first support arm 414. First guide
arm 410 1s formed with and extends substantially perpendicularly from first support
arm 414 to a first end 416 that defines a first guide slot 418. Second guide arm 412 1s
formed with and extends substantially perpendicularly from first support arm 414 to a
second end 420 that defines a second guide slot 422. First drive arm 408 1s formed
with and extends substantially perpendicularly from first support arm 414 between
first guide arm 410 and second guide arm 412, and first drive arm 408 defines a first
rack gear 424. First connection member 402 18 coupled to first mounting bracket 460
via a first fastener 468 (¢.g., a bolt) and to second mounting bracket 462 via a second
fastener 470 (e.g., a bolt). In one embodiment, first fastener 468 and second fastener
470 also couple first mounting bracket 460 and second mounting bracket 462,
respectively, to fan cowl first halt 214 (shown 1n Figure 3). Alternatively, mounting
brackets 460, 462 may be coupled to fan cowl first half 214 using any suitable

fasteners that enable mounting assembly 242 to function as described herein.

[0021] Second connection member 404 includes a second drive arm
426, a third guide arm 428, a fourth guide arm 430, and a second support arm 432.
Third guide arm 428 1s formed with and extends substantially perpendicularly from
second support arm 432 to a third end 434 that defines a third guide slot 436. Fourth
guide arm 430 1s formed with and extends substantially perpendicularly from second
support arm 432 to a fourth end 438 that defines a fourth guide slot 440. Second drive
arm 426 1s formed with and extends substantially perpendicularly from second
support arm 432 between third guide arm 428 and fourth guide arm 430, and second
drive arm 426 defines a second rack gear 442. Second connection member 404 1s
coupled to third mounting bracket 464 via a third fastener 472 (e.g., a bolt) and to
fourth mounting bracket 466 via a fourth fastener 474 (e¢.g., a bolt). In one
embodiment, third fastener 472 and fourth fastener 474 also couple third mounting
bracket 464 and fourth mounting bracket 466, respectively, to fan cowl second half
216 (shown m Figure 3). Alternatively, mounting brackets 464, 466 may be coupled
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to fan cowl second half 216 using any suitable fasteners that enable mounting

assembly 242 to function as described herein.

[0022] Rate control device 406 includes a sleeve 444 and a drive
ocar 446. Slecve 444 has an outer wall 448 that defines a first open end 450, a second
open end 452, a first side 454, and a second side 456. Drive gear 446 1s mounted
centrally within sleeve 444 and rotatably about a shaft 458 that extends through outer
wall 448. In one embodiment, shaft 458 applies a counter-rotational force against
drive gear 446 (c.g., via a frictional engagement with drive gear 446) to facilitate
controlling a rotational speed of drive gear 446. In other embodiments, drive gear 446
may be mounted within sleeve 444 using any suitable mounting mechanism that
cnables rate control device 406 to function as described herein. First drive arm 408
extends through sleeve 444 from first open end 450 through second open end 452, and
second drive arm 426 extends through sleeve 444 from second open end 452 through
first open end 450. First side 454 and second side 456 facilitate aligning first drive
arm 408 and second drive arm 426 such that first rack gear 424 and second rack gear
442 maintain a driving engagement with drive gear 446. In one embodiment, limait
stop 236 and/or drive gear 446 may be powered (¢.g., by a motor) to facilitate moving
first halt 214 and/or second half 216 relative to one another, as described herein. In
other embodiments, engine assembly 108 may utilize any suitable drive mechanisms
(c.g., hydraulic devices, pneumatic devices, clectro-hydraulic devices, e¢lectro-
pnecumatic devices, linear motor arrangements, ¢tc.) located anywhere on aircraft 100
and/or remotely from aircraft 100 to facilitate adjusting fan cowl 204 as described

herein.

[0023] Figure 5 1s an enlarged perspective view of an exemplary
oulde arrangement 500. In the exemplary embodiment, guide arrangement 500
includes a first guide 502, a second guide 504, a third guide 506, and a fourth guide
508. First guide 502 includes a first base 510, a first head 512, and a first neck 514
extending between first base 510 and first head 512. Second guide 504 includes a

second base 516, a second head 518, and a second neck 520 extending between
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second base 516 and second head 518. Third guide 506 includes a third base 522, a
third head 524, and a third neck 526 extending between third base 522 and third head
524. Fourth guide 508 1ncludes a fourth base 528, a fourth head 530, and a fourth
neck 532 extending between fourth base 528 and fourth head 530. Alternatively,
guide arrangement 500 may include any number of guides having any suitable shape

that enables mounting assembly 242 to function as described herein.

[0024] Figure 6 1s an enlarged side elevation view of an exemplary
track arrangement 600. In the exemplary embodiment, track arrangement 600
includes a first track 602, a second track 604, a third track 606, and a fourth track 608.
First track 602 defines a first channel 610 having a first slit 612, and second track 604
defines a second channel 614 having a second slit 616. Third track 606 defines a third
channel 618 having a third slit 620, and fourth track 608 defines a fourth channel 622
having a fourth slit 624. Each track 602, 604, 606, 608 includes a plurality of fastener
holes 626 to facilitate coupling track arrangement 600 to fusclage pylon 110. First slit
612 has a first aftward portion 628 defining a first aftward end 630, a first forward
portion 632 defining a first forward end 634, and a first bend 636 extending between
first aftward portion 628 and first forward portion 632. Second slit 616 has a second
aftward portion 638 defining a second aftward end 640, a second forward portion 642
defining a second forward end 644, and a second bend 646 extending between second
aftward portion 638 and second forward portion 642. Third slit 620 has a third
aftward portion 648 defining a third aftward end 650, a third forward portion 652
defining a third forward end 654, and a third bend 656 extending between third
aftward portion 648 and third forward portion 652. Fourth slit 624 has a fourth
aftward portion 658 defining a fourth aftward end 660, a fourth forward portion 662
defining a fourth forward end 664, and a fourth bend 666 extending between fourth
aftward portion 658 and fourth forward portion 662. In the exemplary embodiment,
track arrangement 600 1s oriented such that first forward portion 632 1s aligned with
second forward portion 642 and such that third forward portion 652 1s aligned with
fourth forward portion 662. Alternatively, track arrangement 600 may have any

orientation that enables mounting assembly 242 to function as described herein.
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[0025] In operation, first track 602 1s coupled to first connection
member 402 via first guide 502 such that first head 512 1s positioned within first
channel 610, first neck 514 extends through first slit 612 and first guide slot 418, and
first base 510 1s positioned between first connection member 402 and fan cowl 204.
Second track 604 1s coupled to first connection member 402 via second guide 504
such that second head 518 1s positioned within second channel 614, second neck 520
extends through second slit 616 and second guide slot 422, and second base 516 1s
positioned between first connection member 402 and fan cowl 204. Third track 606 1s
coupled to second connection member 404 via third guide 506 such that third head
524 1s positioned within third channel 618, third neck 526 extends through third slit
620 and third guide slot 436, and third base 522 1s positioned between second
connection member 404 and fan cowl 204. Fourth track 608 1s coupled to second
connection member 404 via fourth guide 508 such that fourth head 530 1s positioned
within fourth channel 622, fourth neck 532 extends through fourth slit 624 and fourth
ouide slot 440, and fourth base 528 1s positioned between second connection member
404 and fan cowl 204. With first head 512, second head 518, third head 524, and
fourth head 530 positioned within first channel 610, second channel 614, third
channel 618, and fourth channel 622, respectively, nacelle 200 1s mounted on fuselage
102 by coupling track arrangement 600 to fuselage pylon 110 using any suitable
fasteners (e.g., bolts) that extend through fastener holes 626 and engage fusclage
pylon 110. When fan cowl 204 1s closed (1.¢., when fan cowl first half 214 and fan
cowl second half 216 are fastened together via first latch 232 and/or second latch
234), first guide 502 1s seated adjacent first aftward end 630, second guide 504 1s
scated adjacent second aftward end 640, third guide 506 1s scated adjacent third
aftward end 650, and fourth guide 508 1s seated adjacent fourth aftward end 660.

[0026] To open fan cowl 204, a user may unlock first latch 232
and/or second latch 234. When first latch 232 and/or second latch 234 1s unlocked, a
force may be applied to fan cowl second half 216 1n a separating direction SD (shown
in Figure 3) (¢.g., a manual force applied by a user, a gravitational force, and/or a

force applied by a motor located on or remotely from aircraft 100) to facilitate moving
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fan cowl second half 216 away from axis X. As fan cowl second half 216 moves
away from axis X, second drive arm 426 drives drive gear 446 1nto rotation via
second rack gear 442 such that the rotation of drive gear 446 drives fan cowl first half
214 away from axis X via first rack gear 424. In one embodiment, shaft 458 controls
(1.c., slows) the rotation of drive gear 446 such that fan cowl second half 216 and fan
cowl first half 214 move away from axis X (1.¢., move away from on¢ another) at a

predetermined rate.

[0027] As fan cowl second half 216 and fan cowl first halt 214 move
away from axis X, first guide 502, second guide 504, third guide 506, and fourth
ouide 508 move along first channel 610, second channel 614, third channel 618, and
fourth channel 622, respectively. Specifically, first guide 502, second guide 504,
third guide 506, and fourth guide 508 move simultancously 1n the following manner:
first guide 502 moves from first aftward end 630, along first aftward portion 628, and
partially across first bend 636; second guide 504 moves from second aftward end 640,
along second aftward portion 638, and partially across second bend 646; third guide
506 moves from third aftward end 650, along third aftward portion 648, and partially
across third bend 656; and fourth guide 508 moves from fourth aftward end 660,
along fourth aftward portion 658, and partially across fourth bend 666, such that fan
cowl first halt 214 and fan cowl second half 216 move away from axis X toward a

predetermined maximum distance of separation, as controlled by limit stop 236.

[0028] When fan cowl first halt 214 and fan cowl second half 216

have moved away from on¢ another a distance, fan cowl first half 214 and fan cowl
second half 216 begin to move over 1nlet 202 and toward 1nlet end 201. Specifically,
first guide 502, second guide 504, third guide 506, and fourth guide 508 move
simultancously 1n the following manner: first guide 502 moves completely across first
bend 636, along first forward portion 632, and into engagement with first forward end
634; second guide 504 moves completely across second bend 646, along second
forward portion 642, and into engagement with second forward end 644; third guide

506 moves completely across third bend 656, along third forward portion 652, and
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into engagement with third forward end 654; and fourth guide 508 moves completely
across fourth bend 666, along fourth forward portion 662, and into engagement with
fourth forward end 664. When first guide 502, second guide 504, third guide 506,
and/or fourth guide 508 engage first forward end 634, second forward end 644, third
forward end 654, and fourth forward end 664, respectively, fan cowl first half 214 and
fan cowl second half 216 stop moving toward 1nlet end 201, and fan cowl 204 remains
in an open position such that a portion of the engine 1s accessible to a user (e.g., to

maintenance the engine).

[0029] To close fan cowl 204, a force may be applied to either fan
cowl first half 214 and/or fan cowl second half 216 in an axial direction AD (shown 1n
Figure 3) (¢.g., a manual force applied by a user and/or a force applied by a motor
located on or remotely from aircraft 100) such that fan cowl first half 214 and fan
cowl second half 216 move toward exhaust end 209. Specifically, first guide 502,
second guide 504, third guide 506, and fourth guide 508 simultancously move 1n the
following manner: first guide 502 moves along first channel 610 from first forward
end 634 toward first aftward end 630; second guide 504 moves along second channel
614 from second forward end 644 toward second aftward end 640; third guide 506
moves along third channel 618 from third forward end 654 toward third aftward end
650; and fourth guide 508 moves along fourth channel 622 from fourth forward end
664 toward fourth aftward end 660. When first guide 502, second guide 504, third
ouide 506, and fourth guide 508 arec adjacent first aftward end 630, second aftward
end 640, third aftward end 650, and fourth aftward end 660, respectively, fan cowl
first half 214 and fan cowl second half 216 engage one another at first joint 228 and
second joint 230 (1.¢., fan cowl 204 closes). Once fan cowl 204 1s closed, a user may
lock first latch 232 and/or second latch 234 to fasten fan cowl first half 214 to fan

cowl second half 216 to facilitate restricting access to the engine through fan cowl

204.

[0030] In one embodiment, a system controller located on aircraft

100 and/or remotely from aircraft 100 may facilitate adjusting fan cowl 204 as

_10-
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described heremn. In the exemplary embodiment, the system controller may include
any processor-based or microprocessor-based system, such as a computer system, that
includes microcontrollers, reduced instruction set circuits (RISC), application-specific
integrated circuits (ASICs), logic circuits, and any other circuit or processor that 1s
capable of executing the functions described herein. As used herein, the term
“processor”’ 18 not limited to only integrated circuits referred to 1n the art as a
processor, but broadly refers to a computer, a microcontroller, a microcomputer, a
programmable logic controller, an application specific integrated circuit and any other
programmable circuit. Moreover, the system controller may be a microprocessor that
includes read-only memory (ROM) and/or random access memory (RAM), such as,
for example, a 32 bit microcomputer with 2 Mbit ROM, and 64 Kbit RAM. In the
exemplary embodiment, the system controller communicates with (1.e., receives
signals from and/or transmits signals to) a memory, a plurality of sensors, and/or a
variety of other devices (e.g., motors for driving fan cowl first half 214 and second
halt 216 relative to one another) located on aircraft 100 (e.g., an onboard computer)
and/or remotely from aircraft 100 to facilitate adjusting fan cowl 204 as described

herein.

[0031] Figure 7 1s an enlarged perspective view of an exemplary
wing pylon 112. In the exemplary embodiment, wing pylon 112 includes a nose
fairing 702, a first side 704, and a second side 706. First side 704 includes a first
track assembly 708, and second side 706 includes a second track assembly 710. First
track assembly 708 and second track assembly 710 are substantially alike and may be
formed 1ntegrally with and/or coupled to (¢.g., bolted to) any suitable portion of wing
pylon 112 that enables track assemblies 708, 710 to function as described herein.
First track assembly 708 includes a fan cowl track 712 that extends substantially
parallel to axis X when engine assembly 108 1s coupled to wing pylon 112. Fan cowl
track 712 includes a t-shaped slot 716 that extends from a forward end 718 to an
aftward end 720. In other embodiments, slot 716 may have any suitable shape that
enables fan cowl track 712 to function as described herein. A first bracket 722, a

second bracket 724, and a third bracket 726 are positioned within and are slideable

-11-
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along slot 716. In the exemplary embodiment, brackets 722, 724, 726 are t-shaped to
facilitate retaining brackets 722, 724, 726 within slot 716. Alternatively, brackets
722, 724, 726 may have any suitable shape that enables wing pylon 112 to function as
described herein. A first cutout 728, a second cutout 730, and a third cutout 732 are
defined within slot 716 to facilitate removing first bracket 722, second bracket 724,
and third bracket 726, respectively, from slot 716.

[0032] Figure 8 18 a perspective view of an exemplary fan cowl 204
and transcowl 206 coupled to wing pylon 112. In the exemplary embodiment, an
upper cover plate 834 and a lower cover plate 836 are removably coupled (e.g., via a
plurality of bolts 838) to wing pylon 112 to substantially cover cutouts 728, 730, 732
(shown 1n Figure 7) to facilitate retaining brackets 722, 724, 726 within slot 716.
Cover plates 834, 836 arc spaced apart from one another to facilitate enabling

brackets 722, 724, 726 to slide along slot 716.

[0033] In the exemplary embodiment, fan cowl 204 includes a first
cdge 840, a second edge 842, and an arcuate body 844 extending from first edge 840
to second edge 842 such that first edge 840 and second edge 842 are spaced apart
from one another. First edge 840 1s coupled to first side 704 of wing pylon 112 via
first track assembly 708, and second edge 842 1s coupled to second side 706 (shown
in Figure 7) of wing pylon 112 via second track assembly 710 (shown in Figure 7). In
the exemplary embodiment, first edge 840 1s coupled to first side 704 in the same
manner as second edge 842 1s coupled to second side 706. With respect to coupling
first edge 840 to first side 704, first bracket 722, second bracket 724, and third bracket
726 are coupled to fan cowl 204 proximate first edge 840 such that fan cowl 204 1s
slideable along slot 716 1n axial direction AD and toward exhaust end 209 (shown 1n
Figure 2). In one embodiment, transcowl 206 1s also slideable toward exhaust end
209 such that fan cowl 204 and transcowl 206 are independently slideable relative to
on¢ another and/or relative to wing pylon 112. In another embodiment, fan cowl 204
and transcowl 206 are coupled together at fan cowl second end 212 via a plurality of

tabs 846 such that fan cowl 204 1s movable together with transcowl 206. In the
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exemplary embodiment, an apron 848 extends from nose fairing 702 1nto alignment
with fan cowl first end 210 between first edge 840 and second edge 842 to facilitate

covering an opening defined between nose fairing 702, inlet 202 (shown 1n Figure 2),

first edge 840, and second edge 842.

[0034] In the exemplary embodiment, a first track fairing (not
shown) 1s coupled between fan cowl 204 and first side 704 and 1s positioned over first
track assembly 708 to facilitate reducing wind drag on first track assembly 708. In
on¢ embodiment, the first track fairing 1s fastened to fan cowl 204 using any suitable
fastener (e.g., a plurality of bolts) and m sliding engagement with wing pylon 112
such that the first track fairing 1s slideable with fan cowl 204 and against wing pylon
112. Alternatively, the first track fairing 1s fastened to wing pylon 112 using any
suitable fastener (e.g., a plurality of bolts) and in sliding engagement with fan cowl
204 such that fan cowl 204 1s slideable against the first track fairing. A second track
fairing (not shown) 1s coupled between fan cowl 204 and second side 706 and 1s
positioned over second track assembly 710 1n the same manner as the first track

fairing 1s positioned over first track assembly 708.

[0035] In operation, a force may be applied to fan cowl 204 (¢.g., a
manual force applied by a user and/or a force applied by a powered device, as
described above) to move fan cowl 204 m axial direction AD, toward exhaust end
209, and over transcowl 206, such that fan cowl 204 slides toward aftward end 720 of
slot 716 via brackets 722, 724, 726. In another embodiment, when fan cowl 204 1s
coupled to transcowl 206 via tabs 846, a force may be applied to transcowl 206 to
move transcowl 206 toward exhaust end 209 such that transcowl 206 pulls fan cowl
204 along slot 716 and toward exhaust end 209. To remove fan cowl 204 from slot
716, a user may unfasten cover plates 834, 836 from wing pylon 112 and slide fan
cowl 204 such that first bracket 722, second bracket 724, and third bracket 726 are
aligned with first cutout 728, second cutout 730, and third cutout 732, respectively.
Once first bracket 722, second bracket 724, and third bracket 726 are aligned with

first cutout 728, second cutout 730, and third cutout 732, respectively, the user may
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pull first bracket 722 through first cutout 728, second bracket 724 through second
cutout 730, and third bracket 726 through third cutout 732 to remove fan cowl 204
from slot 716.

[0036] As will be appreciated by one skilled 1n the art and based on
the foregoing specification, the above-described embodiments of the invention may
be timplemented using computer programming or engineering techniques including
computer software, firmware, hardware, or any combination or subsect thercof,
wherein one technical effect 1s to facilitate adjusting a cowl. Any resulting program,
having computer-readable code means, may be embodied or provided within one or
more computer-readable media, thereby making a computer program product, 1.¢., an
article of manufacture, according to the discussed embodiments of the invention. The
computer readable media may be, for example, but 1s not limited to, a fixed (hard)
drive, diskette, optical disk, magnetic tape, semiconductor memory such as read-only
memory (ROM), and/or any transmitting/recerving medium such as the Internet or
other communication network or link. The article of manufacture containing the
computer code may be made and/or used by executing the code directly from one
medium, by copying the code from one medium to another medium, and/or by

transmitting the code over a network.

[0037] The nacelle described herein enables a cowl to be adjusted 1n
a manner that facilitates reducing wind loads on the cowl when the cowl 15 1n an open
position. The nacelle described herein further enables providing a cowl that has a
reduced weight to facilitate decreasing an overall weight of the engine assembly and

increasing engine efficiency by reducing fuel consumption of the engine.

[0038] Exemplary embodiments of a nacelle and a method of
assembling the same are described above in detail. The nacelle 1s not limited to the
specific embodiments described herein, but rather, components of the nacelle may be
utilized mdependently and separately from other components described herein. For
example, the cowl described herein may have other industrial and/or consumer

applications and 1s not limited to practice with a nacelle for a gas turbine engine as
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described herein. Rather, the cowl can be implemented and utilized in connection

with many other industries.

[(0039]  While there have been described herein what are considered to
be preferred and exemplary embodiments of the present invention, other
modifications of these embodiments falling within the invention described herein

shall be apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A method of assembling a nacelle for a gas turbine engine that
includes an 1nlet end, an exhaust end, and an axis that extends through the engine
from the inlet end through the exhaust end, said method comprising:

providing a fan cowl sized to cover at least a first axial portion of the
engine;

extending the tan cowl about the first axial portion of the engine;

extending a transcowl circumferentially about at least a second axial
portion of the engine, the fan cowl extending from forward of the transcowl to an
overlapping relationsnip with the transcowl; and

coupling the fan cowl to an engine mounting pylon and the engine such that
the fan cowl 1s movable with respect to the engine along the axis toward at least one
of the inlet end and the exhaust end and the transcowl is movable with respect to the
engine along the axis toward at least one of the inlet end and the exhaust end, wherein
the fan cowl 1s independently slideable with respect to the transcowl along the axis

toward at least one ot the inlet end and the exhaust end.

2. A method in accordance with claim 1, further comprising:
providing a track; and
coupling the fan cowl to the track such that the fan cowl is slideable along

the track.

3. A method 1n accordance with claim 1, wherein providing a fan cowl

sized to cover at least a portion of the engine comprises providing an annular fan cowl

that includes a first half and a second half, and wherein coupling the fan cowl to the

engine comprises coupling the first half to the second half about the engine.

4, A method 1n accordance with claim 3, wherein coupling the first

half to the second half about the engine comprises coupling the first half to the second

half using at least one latch.

5. A method in accordance with claim 3, wherein coupling the first

halt to the second halt about the engine comprises coupling a limit stop between the
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first half and the second half, the limit stop configured to control a distance that the

first half and the second half are separable from one another.

6. A method in accordance with claim 3, wherein coupling the first
half to the second half about the engine comprises:

providing a mounting assembly; and
coupling the mounting assembly between the first half and the second half,

the mounting assembly configured to guide the first half and the second half away

from the axis.

7. A method in accordance with claim 6, wherein providing a
mounting assembly comprises providing a mounting assembly that includes a rate
control device configured to control a rate at which the first half and the second half

are moveable relative to one another.

8. A method 1n accordance with claim 1, wherein providing a fan cowl

sized to cover at least a portion of the engine comprises providing an arcuate fan

cowl.

9. A method 1n accordance with claim 1, wherein coupling the fan
cowl to the engine comprises coupling the fan cowl and the transcowl to the engine
such that the fan cowl overlaps the transcowl, the fan cowl slideable over the

transcowl toward the exhaust end.

10. A method in accordance with claim 9, wherein coupling the fan
cowl and the transcowl to the engine comprises coupling the fan cowl to the transcowl

such that the fan cowl and the transcowl are moveable together.

11. A nacelle for housing an engine that includes an inlet end, an
exhaust end, and an axis extending through the engine from the inlet end through the

exhaust end, said nacelle comprising:

a fan cowl sized to cover at least a first axial portion of the engine, said fan
cowl coupled to an engine mounting pylon; and

a transcowl circumscribing at least a second axial portion of the engine,

said fan cowl extending from forward of said transcowl to an overlapping relationship
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with said transcowl, said fan cowl movable with respect to the engine along the axis
toward at least one of the inlet end and the exhaust end, said transcowl movable with

respect to the engine along the axis toward at least one of the inlet end and the exhaust

end, said fan cowl independently slideable with respect to said transcowl along the

axis toward at least one of the inlet end and the exhaust end.

12. A nacelle in accordance with claim 11, further comprising a track,
wherein said fan cowl 1s coupled to said track such that said fan cowl 1s slideable

along said track.

13. A nacelle in accordance with claim 11, wherein said fan cowl 1s
annular, said fan cowl comprising a first half and a second half that are coupled

together about the engine.

14. A nacelle in accordance with claim 13, further comprising at least

one latch configured to couple said first half to said second half.

15. A nacelle in accordance with claim 13, further comprising a limit
stop coupled between said first halt and said second half, said limit stop configured to

control a distance that said first half and said second half are separable from one

another.

16. A nacelle in accordance with claim 13, further comprising a
mounting assembly coupled between said first half and said second half, said

mounting assembly configured to guide said first half and said second half away from

the axis.

17. A nacelle 1n accordance with claim 16, wherein said mounting
assembly comprises a rate control device configured to control a rate at which said

first half and said second half are moveable relative to one another.

18. A nacelle in accordance with claim 11, wherein said fan cowl is

arcuate.

19. A nacelle in accordance with claim 11, wherein said fan cowl and

said transcowl are configured to be coupled to the engine such that said fan cowl
18-
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overlaps said transcowl, said fan cowl shideable over said transcowl toward the

exhaust end.

20. A nacelle 1n accordance with claim 19, wherein said fan cowl is

coupled to said transcowl such that said fan cowl and said transcowl are moveable

together.
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