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METHOD FOR ATTACHMENT OF A PRE-ASSEMBLED
POWERPLANT AND PYLON ASSEMBLY TO AN AIRCRAFT

Cross-Reference to Related Application(s)

[0001] This International PCT Patent Application relies for priority on U.S. Provisional
Patent Application Serial No. 61/859,459, filed on July 29, 2013, the entire content of which is

incorporated herein by reference.

Field of the Invention

[0002] The present invention concerns a method for attaching a powerplant to an aircraft.
More specifically, the present invention concerns a method for attaching a pre-assembled

powerplant and pylon assembly to the wing of an aircraft.

Description of the Related Art

[0003] In the construction of an aircraft, it is conventional to attach a pylon to the wing
of an aircraft before attaching the engine (also referred to as a “powerplant” herein) to the pylon.
The ehgine is then attached to the pylon, without any of the cowlings (nacelle or other
components) that surround (or are attached to) fhe engine. The cowlings are the protective
covers that surround the engine, such as a jet engine or turbine engine.

[0004] The pylon is a structural member that connects between the engine and the wing.
The pylon comprises several connection points to the wing, three of which are typical for any
engine installation. The three connection points are: a (1) primary pylon attachment, (2) a
forward link attachment, and (3) a rear link attachment. The forward link attachment is ahead of
the primary pylon attachment point and the rear link attachment is rearward of the primary pylon
attachment. A forward link connects between the forward link attachment and the pylon. A rear
link connects between the rear link attachment and the pylon.

[0005] As should be apparent to those skilled in the art, jet engines (or turbine engines)
are very heavy. Therefore, positioning the engine with respect to the pylon that has been pre-
attached to the wing presents a challenge. If the attachment points do not align correctly,

installation of the engine may be hampered or significantly slowed down.

CONFIRMATION COPY
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[0006] In the prior art, it is common for the engine to be manipulated manually until
attachment points between the pylon and the engine are properly aligned so that the engine may
be secured to the pylon, which has been pre-attached to the wing of the aircraft. The cowlings
(nacelles) are then assembled to the pylons/engines.

[0007] As may be apparent to those skilled in the art, it is not recommended to
manipulate the engine too significantly during attachment of the engine to the pylon. Engines
are heavy and difficult to handle.

[0008] In the prior art, the assembly time required to connect the engine to the pylon may
be quite lengthy due to the time required to align the engine with the pylon prior to attachment of
the engine to the pylon.

[0009] In addition, it is common for fit errors to exist or be created between the engine
and the pylon during installation of the engine on the pylon and more significantly from the
cowlings (nacelle) to the pylon/engine. Specifically, the tooling that is used to simulate the
pylon, prior to connection of the engine and cowlings (nacelle) to the pylon, introduces tolerance
variation errors that further exacerbate the issues associated with attaching the engine and
cowlings (nacelle) to the pylon. These errors are made worse depending upon the rigidity and
positional attitude of the engine with respect to the pylon.

[0010] The tool from which the engine is suspended also may introduce tolerance and fit
errors. As might be apparent to those skilled in the art, the orientation of the engine when
suspended from the tool may not align precisely with the pylon during installation. These
problems also are applicable during cowling (nacelle) manufacture.

[0011] In addition, as might be apparent to those skilled in the art, tolerance and fit errors
are prone to increase over time. Specifically, the tool that carries the engine prior to attachment
of the engine to the pylon requires maintenance and adjustment to ensure a proper alignment and
fit between the engine and the pylon. Also, this is apparent during cowling (nacelle) tooling.
[0012] Finally, the construction of each aircraft and each engine naturally results in small
variations from one aircraft (or engine) to the next. This may impact the final assembly of the
aircraft in ways that are difficult to anticipate and, possibly, awkward to address during final
assembly of the aircraft.

[0013] As aircrafts have increased in size, so too have the engines that power these larger

aircraft. As engines have increased in size, they have also become heavier.
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[0014] As a result of the confluence of factors, such as increased weight of modern
engines, larger sizes for modern engines, and stricter requirements for the forces that may be
applied to engines during installation, a need has developed to improve the connection of engines
and cowlings (nacelles), and their pylons, to the wings of aircraft.
[0015] It is in the context of this confluence of factors that the present invention was

developed.

Summary of the Invention

[0016] The present invention addresses one or more of the deficiencies noted with
respect to the prior art.
[0017] It is, therefore, one aspect of the present invention to provide a method for

installing a pre-assembled powerplant and pylon assembly, which may optionally comprise a
cowling (nacelle) pre-assembled therewith; on an aircraft. When the pre-assembled powerplant
and pylon assembly is further pre-assembled with a cowling(nacelle) it may be referred to as a
PQuad (Podded PowerPlant and Pylon). The method comprises determining a first length of a
first link with a first end and a second end, the first link being positionable between the pylon
and the aircraft and determining a second length of a second link with a third end and a fourth
end, the second link being positionable between the pylon and the aircraft. The method also
comprises determining a first distance between a first position on the pylon and a second position
on the aircraft, wherein the first position and the first end are in register when the first link
connects the pylon to the aircraft and the second position and the second end are in register when
the first link connects the pylon to the aircraft, and determining a second distance between a third
position on the pylon and a fourth position on the aircraft, wherein the third position and the third
end are in register when the second link connects the pylon to the aircraft and the fourth position
and the fourth end are in register when the second link connects the pylon to the aircraft. In
addition, the method comprises determining a first result by subtracting the first distance from
the first length, determining a second result by subtracting the second distance from the second
length, determining a third result by adding the first result and the second result, evaluating if the
third result is less than or equal to zero, and evaluating if the third result is greater than zero. If

the third result is less than or equal to zero, installing the first link between the pylon and the
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aircraft before installing the second link. If the third result is greater than zero, installing the
second link between the pylon and the aircraft before installing the first link.

[0018] The method may comprise connecting the pylon to the aircraft at a primary
attachment before installing either the first link or the second link.

[0019] In one embodiment, the method comprises connecting the first end of the first link
to the first position on the pylon before connecting the second end of the first link to the second
position on the aircraft, and connecting the third end of the second link to the third position on
the pylon before connecting the fourth end of the second link to the fourth position on the
aircraft.

[0020] In one contemplated embodiment, the method includes connecting the second end
of the first link to the second position on the aircraft before connecting the first end of the first
link to the first position on the pylon and connecting the fourth end of the second link to the
fourth position on the aircraft before connecting the third end of the second link to the third
position on the pylon.

[0021] In another contemplated embodiment, the method comprises connecting the first
end of the first link to the first position on the pylon before connecting the second end of the first
link to the second position on the aircraft and connecting the fourth end of the second link to the
fourth position on the aircraft before connecting the third end of the second link to the third
position on the pylon.

[0022] In a further alternative, it is contemplated that the method comprises connecting
the second end of the first link to the second position on the aircraft before connecting the first
end of the first link to the first position on the pylon and connecting the third end of the second
link to the third position on the pylon before connecting the fourth end of the second link to the
fourth position on the aircraft.

[0023] The present invention also is intended to encompass a method where the first and
third positions define first and second attachment points, the primary attachment point, the first
attachment point, and the second attachment point are positioned longitudinally with respect to
the aircraft, and the primary attachment point is interposed between the first attachment point

and the second attachment point.
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[0024] Moreover, the method is contemplated to encompass embodiments where the
primary attachment point comprises third and fourth attachment points, and the third and fourth
attachment points are aligned laterally with respect to the aircraft.

[0025] Still further, the method is contemplated to encompass instances where the first
and third positions define first and second attachment points, the primary attachment point
compriseé third and fourth attachment points, the first and the second attachment points are
aligned longitudinally with respect to the aircraft, the third and fourth attachment points are
aligned laterally with respect to the aircraft, and the primary atfachment point is interposed
between the first attachment point and the secbnd attachment point.

[0026] In the method of the present invention, the powerplant and pylon assembly may
comprise at least one selected of a left fan cowl a left thrust reverser, a right fan cowl, a right
thrust reverser, or an inlet cowl. As indicated above, the PQuad is contemplated to include the
powerplant, the pylon, and at least the left fan cowl, the right fan cowl, and/or the inlet cowl,
depending on the construction.

[0027] " In another contemplated embodiment, the present invention provides a method for
installing a pre-assembled powerplant and pylon assembly on an aircraft. The method comprises
determining a first distance between a first attachment point on the powerplant and pylon
assembly and a second attachment point on the aircraft, a first link having a first length being
adapted for attachment between the first attachment point and the second attachment point,
determining a second distance between a third attachment point on the powerplant and pylon
assembly and a fourth attachment point on the aircraft, a second link having a second length
being adapted for attachment between the third attachment point and the fourth attachment point,
and determining which of the first link and the second link to attach between the powerplant and
pylon assembly and the aircraft first, at least based on one of the first length, the second length,
the first distance, or the second distance.

[0028] With respect to this embodiment, it is contemplated that the method may include
a) determining a difference between the first length and the first distance, b) determining a
difference between the second length and the second distance, and c) determining a result by
summing the differences of a) and b). In this embodiment, if the result is less than or equal to

zero, the first link is attached between the powerplant and pylon assembly and the aircraft first
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and, if the result is greater than zero, the second link is attached between the powerplant and
pylon assembly and the aircraft first.

{0029] In connection with at least one contemplated embodiment of the present
invention, it is contemplated that the first distance and the second distance are determined based
at least partly on coordinates of the first attachment point and third attachment point with respect
to a first coordinate system. Coordinates of the second attachment point and the fourth
attachment point are determined with respect to a second coordinate system.

[0030] The present invention also encompasses a system for determining an order for
attaching links between a powerplant and pylon assembly and an aircraft. The system includes:
a) a data processor including a CPU and a non-transient machine readable storage medium
encoded with software for execution by the CPU, for i) processing data conveying information
about a first length of a first link, a second length of a second link, a first distance between a first
attachment point on the powerplant and pylon assembly and a second attachment point on the
aircraft, the first link being adapted for being attached between the first attachment point and the
second attachment point, a second distance between a third attachment point on the powerplant
and pylon assembly and a fourth attachment point on the aircraft, the second link being adapted
for being attached between the third attachment point and the fourth attachment point, ii)
computing, via the software, a determination of which of the first link and the second link should
be installed first between the powerplant and pylon assembly and the aircraft, at least in part on a
basis of the first length, the second length, the first distance and the second distance, and b) an
output including output data identifying which of the first link and the second link should be
installed first.

[0031] Further aspects of the present invention will be made apparent from the

paragraphs that follow.

Brief Description of the Drawing(s)

[0032] The present invention will now be described in connection with the drawing
appended hereto, in which:
[0033] Fig. 1 is a perspective illustration of a typical aircraft on which the method of the

present invention may be employed;
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[0034] Fig. 2 is an exploded, perspective illustration of an example of a powerplant and
pylon assembly for attachment to a wing of the aircraft illustrated in Fig. 1;

[0035] Fig. 3 is a graphical side view of the powerplant and pylon assembly illustrated in
Fig. 2 after having been attached to the wing of aircraft illustrated in Fig. 1;

[0036] Fig. 4 is a graphical front view of a portion of the powerplant and pylon assembly
illustrated in Fig. 1, highlighting one embodiment of the primary attachment between the pylon
and the wing of the aircraft; ,

[0037] Fig. 5 is a graphical side view of the powerplant and pylon assembly illustrated in
Fig. 2, after the primary attachment has been made between the pylon and the wing of the
aircraft illustrated in Fig. 1;

[0038] Fig. 6 is a graphical side view of the powerplant and pylon assembly illustrated in
Fig. 2, also showing first and second links that are to be attached between the pylon and the wing
of the aircraft illustrated in Fig. 1;

[0039] Fig. 7 is a graphical side view of the powerplant and pylon assembly illustrated in
Fig. 2, after attachment of a first link but prior to the attachment of a second link between the
pylon and the wing of the aircraft illustrated in Fig. 1;

[0040] Fig. 8 is a graphical side view of the powerplant and pylon assembly illustrated in
Fig. 2, after attachment of the second link but prior to the attachment of the first link between the
pylon and the wing of the aircraft illustrated in Fig. 1;

[0041] Fig. 9 is a graphical representation of a flow chart outlining one method of the
present invention for attachment of the powerplant and pylon assembly illustrated in Fig. 2 to the
wing of the aircraft illustrated in Fig. 1; and

[0042] Fig. 10 is a graphical representation of a system for executing instructions

consistent with the method of the present invention.

Detailed Description of Embodiment(s) of the Invention

[0043] The presént invention will now be described in connection with one or more
embodiments thereof. The discussion of the embodiments is not intended to be limiting of the
present invention. To the contrary, any discussion of embodiments is intended to exemplify the
breadth and scope of the present invention. As should be apparent to those skilled in the art,

variations and equivalents of the embodiment(s) described herein may be employed without
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departing from the scope of the present invention. Those variations and equivalents are intended
to be encompassed by the scope of the present patent application.

[0044] The present invention will now be discussed in the context of the construction of a
jet aircraft where one or more jet engines (also referred to as turbine engines or turbofan engines)
are affixed (or attached) to each wing of the aircraft. While the invention is discussed in this
context, the present invention is not intended to be limited solely to the construction of aircraft
with wing-born jet engines. It is contemplated that the present invention may be employed in
connection with the assembly of other engine types (i.e., turboprop engines) to aircraft. In
addition, while the present invention focuses of the attachment of jet engines to the wings of an
aircraft, it is contemplated that the present invention may be employed to connect an engine to
other parts of an aircraft. For example, it is contemplated that the present invention may be
employed to connect an engine to a tail section (or empennage) of an aircraft, depending upon
the construction specifics for that aircraft.

[0045] With respect to the discussion that follows, it is noted that specific directional
conventions are assumed to be known to those skilled in the art. The directional conventions are
consistent with the forward travel direction of the aircraft. In this context, the term “forward” (or
its equivalent) refers to the front end (or nose end) of the aircraft. The term “rear” (or its
equivalent) refers to the aft end (or tail end) of the aircraft. The term “right side” (or its
equivalent) refers to the right side (or starboard side) of the aircraft as defined by the forward and
aft ends of the aircraft. The term “left side” (or its equivalent) refers to the left side (or port side)
of the aircraft, also as defined by the fore and aft ends thereof.

[0046] Additionally, the term “longitudinal” refers to the longitudinal direction of the
aircraft that extends from the front end to the rear end of the aircraft. The term “lateral” refers to
the lateral direction of the aircraft that extends from the right side to the left side of the aircraft
(i.e., as defined by the aircraft’s wingspan). 'As should be apparent, the lateral direction is
orthogonal to the longitudinal direction. The terms “up” (or top) and “down” (or bottom) refer to
a vertical direction or orientation of the aircraft When the aircraft is parked on the ground.

[0047] Fig. 1 is a perspective illustration of an aircraft 10 to which the present invention
applies. The aircraft 10 comprises a fuselage 12 longitudinally defining a forward end 14 and a
rear (or aft) end 16. Two wings 18, 20 extend laterally from the fuselage 12. A tail section 22

(or empennage) is attached to the rear end 16 of the aircraft. As should be apparent to those
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skilled in the art, the wings 18, 20 and the tail section 22 incorporate multiple control surfaces
that are responsible for the flying characteristics and operation of the aircraft 10. Two
powerplants 24, 26 (also referred to as “engines” 24, 26 herein) are suspended from and connect
to the wings 18, 20, as illustrated, via pylons 46 (which are discussed in greater detail below).
[0048] Using the powerplant 24 as a reference, it is noted that the powerplant 24
comprises a number of parts, which are illustrated in Fig. 2. As should be apparent, the parts of
the powerplant 24 that are discussed herein are meant to be exemplary of a typical powerplant
construction consistent with the present invention. The identification of any specific parts is not
intended to be limiting of the present invention.

[0049] For the present discussion, it is contemplated that the powerplants 24, 26 share the
same construction. It is contemplated, however, that the powerplants 24, 26 may not share the
same construction. While it is not common for an aircraft 10 to include different powerplants 24,
26 on the wings 18, 20, it is noted that the present invention is not limited to the construction of
an aircraft 10 where the powerplants 24, 26 are identical in their construction.

[0050] Fig. 2 is an exploded, perspective view of the powerplant 24 illustrated in Fig. 1,
with additional components, such as the pylon 46 shown in proximity. The powerplant 24 itself
comprises thrust-generating components, referred to herein as a thrust generator 28. The thrust
generator 28 comprises the turbofan 30 and related mechanical components. In the illustrated
example, the thrust generator 28 comprises a primary nozzle 32 at its rear end through which the
combustion products from the powerplant 24 are discharged. The thrust generator 28 also
comprises several engine mounts 34, details of which are provided below.

[0051] At the front end of the powerplant 24, an inlet cowl 36 precedes the turbofan 30.
The inlet cowl 36 defines an air inlet into the powerplant 24. A left fan cowl 38 surrounds the
left side of the powerplant 24 at a position adjacent to the turbofan 30. Similarly, a right fan
cowl 40 surrounds the right side of the powerplant 24 at a position adjacent to the turbofan 30. A
left thrust reverser 42 is positioned rearward of the left fan cowl 38. A right thrust reverser 44 is
positioned rearward of the right fan cowl 40.

[0052] Prior to the powerplant 24 being attached to the wing, the powerplant 24 and the
pylon 46 may be pre-assembled, resulting in a pre-assembled powerplant 24 and pylon 46
assembly (hereafter the powerplant 24 and pylon 46 assembly). For purposes of the present
invention, the pylon 46 is attached to the thrust generator 28 of the powerplant 24, via the
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mounts 34. In a further embodiment, the pre-assembled powerplant 24 and pylon 46 assembly
further comprises, at least one cowl 36, 38, 40, and (optionally) thrust converters 42, 44, pre-
assembled therewith, resulting in what is referred to as a PQuad PQ, as identified above. An
equivalent structure (or structures) may be employed in place of the pylon 46 without departing
from the scope of the present invention. Moreover, while a pylon 46 (or equivalent structure) is
typically employed when connecting the powerplant 24 to the aircraft 10, a pylon 46 is not
required to practice the present invention.

[0053] Fig. 3 is'a graphical side view of the powerplant 24 and pylon 46 assembly, after
being attached to the wing 18 of the aircraft. The illustration provides a general overview of the
attachment points where the powerplant 24 and pylon 46 assembly attach to a wing torque box
48. In this illustration, three attachment points are shown. The attachment points include, but
are not limited to: (1) a primary attachment bracket 50 (or brackets 50), (2) a forward link
attachment bracket 52 (or brackets 52), and (3) a rear link attachment bracket 54 (or brackets 54).
In the discussion that follows, the forward link attachment bracket 52 is referred to as the first
link attachment bracket 52. In addition, the rear link attachment bracket 54 is referred to as the
second link attachment bracket 54.

[0054] On the pylon 46, the attachment brackets provided thereon correspond to the
attachment brackets 50, 52, 54 on the wing torque box 48: (1) the primary pylon attachment
bracket 56 (or brackets 56), (2) the first pylon attachment bracket 58 (also referred to as the
forward pylon attachment bracket 58 or brackets 58), and (3) the second pylon attachment
bracket 60 (also referred to as the rear pylon attachment bracket 60 or brackets 60).

[0055] It is contemplated that the wing torque box attachment brackets 50, 52, 54 are
affixed to the wing torque box 48 via a weld or other suitable attachment means (including
fasteners). Similarly, the pylon attachment brackets 56, 58, 60 are contemplated to be connected
to the pylon 46 via a weld or other suitable attachment means (including fasteners).

[0056] A forward link 62 (also referred to as a first link 62) extends between the first
attachment bracket 52 and the first pylon attachment bracket 58. Similarly, a second link 64
extends from the second attachment bracket 54 to the second pylon attachment bracket 60.

[0057] With continued reference to Fig. 3, in a non-limiting embodiment shown, there
are six pins that connect the powerplant 24 and pylon 46 assembly to the wing torque box 48.

Two pins 66 connect the primary attachment bracket 50 to the primary pylon attachment bracket

10
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56 (as shown in better detail in Figure 4). A first forward pin 68 connects the first pylon
attachment bracket 58 to the front end of the forward link 62. A second forward pin 70 connects
the forward link attachment bracket 52 to the rear end of the forward link 62. A first rear pin 72
connects the second pylon attachment bracket 60 to the front end of the rear link 64. A second
rear pin 74 connects the rear link attachment bracket 54 to the rear end of the rear link 64. Each
of the pins 66, 68, 70, 72, 74 is contemplated to establish a pivotal attachment point/axis between
the parts connected thereby.

'10058] Fig. 4 is a graphical, front view of the primary attachment 76 between the pylon
46 and the wing torque box 48. The front view is presented from the perspective of a person
standing in front of the primary attachment 76 looking to the rear end 16 of the aircraft 10. In
this illustration, the primary attachment bracket 50 and the primary pylon attachment bracket 56
are shown in relation to one another after the powerplant 24 and pylon 46 assembly is connected
to the wing torque box 48.

[0059] As should be apparent from Fig. 4, the primary attachment bracket 50 comprises a
left primary attachment bracket 78 and a right primary attachment bracket 84. Likewise the
primary pylon attachment bracket 56 comprises a left primary pylon attachment bracket 80 and a
right primary pylon attachment bracket 86. As shown, the left primary attachment bracket 78 is
coupled to the left primary pylon attachment bracket 80 via a left primary pin 82 (also numbered
pin 66). The right primary attachment bracket 84 is coupled to the right primary pylon
attachment bracket 86 via a right primary pin 88 (also numbered pin 66). For ease of reference,
the connection of the left primary attachment bracket 78 to the left primary pylon attachment
bracket 80 is referred to as the left attachment 90. Following this convention, the connection of
the right primary attachment bracket 84 and the right primary pylon attachment bracket 86 is
referred to as the right attachment 92. In an alternative embodiment, a single pin 66 or shaft
could extend between the left attachment 90 and right attachment 92.

[0060] With renewed reference to Fig. 3, the first link 62 and the second link 64 are
individual rods that connect the powerplant 24 and pylon 46 assembly to the wing torque box 48.
As a result, taking into account the construction of the primary attachment 76, there are four
illustrated attachment points between the powerplant 24 and pylon 46 assembly and the wing
torque box 48: (1) the first link 62, (2) the second link 64, (3) the left attachment 90, and (4) the

right attachment 92. This construction is referred to as a hyperstatic arrangement. One aspect of

11
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the present invention, as detailed below, is to provide an attachment of a pre-assembled
powerplant 24 and pylon 46 assembly to a wing torque box 48 in a hyperstatic configuration.
[0061] A hyperstatic construction is one that comprises four or more force-directing (or
load bearing) members. In this case, the four force-directing members or connections encompass
the first link 62, the second link 64, the left attachment 90, and the right attachment 92, as noted
above.

[0062] A hyperstatic connection is one where the static equilibrium equations are
insufficient for determining internal forces and reactions on the associated structure. As should
be apparent to those skilled in the art, an example of a hyperstatic equilibrium is a four-legged
stool resting on a surface. Because a four-legged stool comprises four legs, when a force is
applied to the stool (i.e., a force offset from a centerline that would cause the stool to tip over), it
is not possible to calculate the forces applicable to each of the four legs to establish a static
equilibrium. This example is contrasted with a three-legged stool, which is statically
determinate. In other words, static equilibrium equations are sufficient to determine internal
forces and reactions on a three-legged stool.

[0063] It is noted that a hyperstatic configuration is not limited to constructions having
only four connection (or force-directing) points. A hyperstatic configuration may be established
with a larger number of connection (or force-directing points). As will be made apparent from
the discussion that follows, the present invention is intended to encompass any such hyperstatic
configurations, whether they include four connections or more.

[0064] It also is noted that the present invention is not limited to the four connections
detailed above. In fact, it is contemplated that the powerplant 24 and pylon 46 assembly could
connect to the wing torqﬁe box 48 via other connections (not shown). Specifically, it is
contemplated that the powerplant 24 and pylon 46 assembly will connect to the wing torque box
48 via one or more links providing lateral stability to the powerplant 24 and pylon 46 assembly.
As a result, the present invention should not be considered to be limited solely to the
embodiment(s) discussed herein.

[0065] Since any discussion of a hyperstatic arrangement requires four or more
attachment points, and since the links 62, 64 define elongated attachment points, for purposes of
defining the hyperstatic connection between the powerplant 24 and pylon 46 assembly and the
wing torque box 48, the four attachment points are defined by the first forward pin 68, the first
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rear pin 72, the left primary pin 82, and the right primary pin 88. These pins 68, 72, 82, 88
define the four attachment points relevant to the present invention.

[0066] The first forward pin 68, which connects the first link 62 to the first pylon
attachment bracket 58 is referred to herein as the first attachment point A1. The first rear pin 72,
which connects the second link 64 to the second pylon attachment bracket 60 is referred to as the
second attachment point A2. The left primary pin 82, which connects the left primary
attachment bracket 78 to the left primary pylon attachment bracket 80, is referred to as the third
attachment point A3. The right primary pin 88, which connects the right primary attachment
bracket 84 to the right primary pylon attachment bracket 86, is referred to as the fourth
attachment point A4.

[0067] As should be apparent from the foregoing, the attachment points Al, A2, A3, A4
exist with reference to the pylon 46. While it is contemplated that the pylon 46 of the
powerplant 24 and pylon 46 assembly is attached to the wing box 48, as noted above, this
arrangement is not required to practice the present invention. It is contemplated that the pylon
46 may be replaced with one or more other components suitable for connecting the powerplant
24 to the wing torque box 48, without departing from the scope of the present invention.
Moreover, it is contemplated that the pylon 46 (and/or any variations or equivalents) may be
excluded altogether without departing from the scope of the present invention.

[0068] In addition, it is noted that the first link 62 and the second link 64 may be
considered as a part of the powerplant 24 and pylon 46 assembly. If so, the locations of the first
and second attachment points Al and A2 change. In this contemplated configuration, the second
forward pin 70, which connects the forward link attachment bracket 52 to the first link 62, acts as
the first attachment point Al. Similarly, the second rear pin 74, which connects the rear link
attachment bracket 54 to the second link 64, acts as the second attachment point A2. The pins
82, 88 continue to define the attachment points A3 and A4, as discussed above.

[0069] Fig. 5 is a graphical, side view of the powerplant 24 and pylon 46 assembly, and
wing torque box 48 at the moment when the primary attachment 76 has been made between the
powerplant 24 and pylon 46 assembly and the wing torque box 48. This illustration is intended
to illustrate a first step in the attachment of the powerplant 24 and pylon 46 assembly to the wing
torque box 48.

13



WO 2015/015262 PCT/IB2014/001336

[0070] In Fig. 5, the pins 82, 88 have been inserted. As a result, the powerplant 24 and
pylon 46 assembly is attached to the wing 18 such that the pylon 46 may pivot about the primary
attachment 76. In this view, the remaining attachment points are not yet connected to the wing
torque box 48.

[0071] As should be apparent from Fig. 4, to attach the powerplant 24 and pylon 46
assembly to the wing torque box 48, it is contemplated that the powerplant 24 and pylon 46
assembly may need to be rotated (or tilted), in the directions of the arrows 94(RT) and 94(LT).
The left tilt arrow 94(LT) refers to a left tilt or “LT” of the powerplant 24 and pylon 46
assembly. The right tilt arrow 94(RT) refers to a right tilt or “RT” of the powerplant 24 and
pylon 46 assembly. The left tilt LT and the right tilt RT directions indicate how the powerplant
24 and pylon 46 assembly may be tilted so that the brackets 78, 80 and 84, 86 are in register,
thereby permitting the pins 82, 88 to be inserted thereinto. There are a number of ways that this
may be accomplished, as should be apparent to those skilled in the art. Accordingly, further
discussion of the methodology associated with this alignment is not expounded upon further
herein.

[0072] Fig. 6 is a graphical, side view of the powerplant 24 and pylon 46 assembly and
the wing torque box 48 illustrated in Fig. 5. This illustration is provided to illustrate a second
step in the method for attachment of the powerplant 24 and pylbn 46 assembly to the wing torque
box 48. ‘

[0073] In Fig. 6, the first link 62 and the second link 64 are shown in the lower left-hand
comer of the drawing. Neither link 62, 64 has been connected between the pylon 46 (attached to
the powerplaht 24) and the wing torque box 48. The first link 62 has a first link length 98. The
second link 64 has a second link length 100.

[0074] Fig. 6 also illustrates two distances that are relevant to the method of the present
invention. Specifically, a first distance 102 is illustrated as a distance between the first wing box
attachment point 70 and the first pylon attachment point 68. The second distance 104 is the
distance between the second wing torque box attachment point 74 and the second pylon
attachment point 72. As should be apparent, the first distance 102 is less than the second
distance 104 in this configuration. While this arrangement is specific to the embodiment
described herein, it is noted that the second distance 104 could be less than the first distance 102

without departing from the scope of the present invention.
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[0075] In the method of the present invention, the length 98 of the first link 62 and the
length 100 of the second link 64 are measured, calculated or otherwise obtained. As noted, the
length 98 of the first link 62 is referred to as the first link length 98. In addition, the length of the
second link 64 is referred to as the second link length 100.

[0076] In the method of the present invention, the first distance 102 and the second
distance 104 also are measured, calculated or otherwise obtained. As noted, the first distance
102 is the distance between the first forward pin 68 and the second forward pin 70. In addition,
the second distance 104 is the distance between the first rear pin 72 and the second rear pin 74.
While the powerplant 24 and pylon 46 assembly is capable of rotation about the primary pins 66,
the powerplant 24 and pylon 46 assembly will have an initial position after installation of the
primary pins 66, which encompass the left primary pin 82 and the right primary pin 88. It is with
respect to this initial position that the distances 102, 104 are measured, calculated or otherwise
obtained. In this configuration, the powerplant 24 and pylon 46 assembly is secured to and
supported by a suitable handling apparatus (not shown).

[0077] After the lengths 98, 100 and the distances 102, 104 are measured, calculated or
otherwise obtained, the first length 98 is analyzed with respect to the first distance 102 and the
second length 100 is analyzed with respect to the second distance 104. On a basis of the first
link length 98, the first distance 102, the second link length 100, and the second distance 104, it
becomes possible to establish an order of connection of the first link 62 and the second link 64
between the powerplant 24 and pylon 46 assembly and the wing torque box 48.

[0078] A limiting factor in the establishment of the order for the attachment of the links
62, 64 is the combined weight of the powerplant 24 and pylon 46 assembly (or, alternatively, the
PQuad PQ). More specifically, the force of gravity on the powerplant 24 and pylon 46 assembly
pulls the front end of the powerplant 24 and pylon 46 assembly downwardly, thereby causing the
powerplant 24 and pylon 46 assembly to pivot around the primary attachment point 76.

[0079] It is noted that other components of the powerplant 24 and pylon 46 assembly,
such as the cowls 38, 40 and thrust converters 42, 44, as discussed in connection with Fig. 2,
may also contribute to the total weight of the powerplant 24 and pylon 46 assembly.
Specifically, it is contemplated that, for the method of the present invention, the powerplant 24
and pylon 46 assembly has been pre-assembled to include the left fan cowl 38, the left thrust
reverser 42, the right fan cowl 40, the right thrust reverser 44, the inlet cowl 36, as wellias other
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components including, but not limited to any additional support and/or tooling assemblies not
described herein. This is the PQuad PQ. In other words, using the method of the present
invention, it is contemplated that the PQuad PQ may be attached to the wing torque box 48 in a
fully assembled (or at least substantially assembled) condition. This is a departure from prior art
installation methodologies.

[0080] With reference to the prior art, it is noted that, in a typical, conventional
installation, the pylon 46 is first connected to the wing torque box 48. The thrust generator 28 is
then connected to the pylon 46. After the thrust generator 28 is connected to the pylon 46, the
left fan cowl 38, the left thrust reverser 42, the right fan cowl 40, the right thrust reverser 44, and
the inlet cowl 36 are attached to the thrust generator 28 or pylon 46. In other instances, the inlet
cowl 36 is pre-assembled onto the thrust generator 28. In other words, in the prior art, it is
common for the various components to be assembled after the thrust generator 28 is connected to
the pylon 46, after the pylon 46 has been attached to the wing torque box 48. The present
invention avoids this additional manufacturing complication by providing a method (among
other advantages) permitting at least the powerplant 24 and pylon 46 to be pre-assembled and
attached to the aircraft 10 in a fully assembled (or at least substantially assembled) condition.
[0081] As noted above, aircraft manufacturers prefer to avoid manipulating a component
that weighs several thousand pounds, such as the powerplant 24 and pylon 46 assembly, or
PQuad PQ, to avoid damaging the powerplant 24 or otherwise increasing the time required to
complete the assembly of the aircraft 10. As should be apparent, if the manufacturer of the
aircraft 10 needs to manipulate the position of the powerplant 24 (or PQuad PQ) during
installation for any reason, the operation may require complex and expensive machines for
implementation. Moreover, the manipulation may be time consuming. These variables increase
the cost associated with the assembly of an aircraft 10.

[0082] As made apparent from the discussion provided herein, there is a preference for
the powerplant 24, the powerplant 24 and pylon 46 assemby, or the PQuad PQ to settle into place
after being installed on the aircraft 10. By installing the powerplant 24, the powerplant 24 and
pylon 46 assembly, or the PQuad PQ with an initially upwardly inclined slope, gravity may be
employed to assist with the installation of the powerplant 24, the powerplant 24 and pylon 46
assembly, or the PQuad PQ. Specifically, with such a starting orientation (i.e., an upward
incline), the powerplant 24, the powerplant 24 and pylon 46 assembly, or the PQuad PQ moves
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downwards under the force of its own weight into a position that is acceptable after certain
attachments have been made, and prior to the powerplant 24, the powerplant 24 and pylon 46
assembly, or the PQuad PQ being released from the handling tools and associated handling
equipment.

[0083] In this context, reference is now made to Fig. 7, which is a graphical side view of
the powerplant 24 and pylon 46 assembly and wing torque box 48 shown in Fig. 5. In this
drawing, the comparison already has been made betwe‘en the first distance 102 (either measured
or calculated), the first link length 98 (either measured or calculated), the second distance 104
(either measured or calculated), and the second link length 100 (either measured or calculated).
Having made these measurements, it was determined that the first link 62 should be connected
before the second link 64 is connected. As a result, the first link 62 is shown connecting the
pylon 46 to the torque wing box 48.

[0084] With respect to the order of attachment of the first link 62 and the second link 64,
the method of the present invention compares (or otherwise processes) the first distance 102, the
first link length 98, the second distance 104, and the second link length 100. Specifically, the
method of the present invention relies at least in part on the following formula to determine if the

first link 62 is attached before the second link 64, or vice versa:
Li-LA)D+(L,—LA)=Ri+Ro=R..ccciiiiiiii (D)

[0085] The variables in equation (1) are defined as follows. L1 is the length 98 (which is
measured, calculated or otherwise obtained) of the first link 62. LAl is the distance 102 (which
is measured, calculated or otherwise obtained) between the first forward pin 68 and the second
forward pin 70 (i.e., the attachment distance between the pins 68, 70). L2 is the length 100
(which is measured, calculated or otherwise obtained) of the second link 64. LA2 is the distance
104 (which is measured, calculated or otherwise obtained) between the first rear pin 72 and the
second rear pin 74 (i.e., the attachment distance between the pins 72, 74). R, is the calculated
difference between L;.and LA;. R, is the calculated difference between L, and LA,. R is the
calculated sum of R; and R,. All of the units for the calculation are in units of length, such as

centimeters, inches, etc.
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[0086] Relying on equation (1), if the result R of equation (1) is less than or equal to 0,
the first link 62 is attached before the second link 64. Alternatively, if the result R is greater than
0, the second link 64 is attached before the first link 62.

[0087] As should be apparent from equation (1), it is possible that, in the rare instance
where R = 0, either the first link 62 or the second link 64 could be attached first. However, for
various reasons, it is preferred for the first link 62 to be connected before the second link 64, as
indicated above. |

[0088] Returning to Fig. 7, since the first link 62 is being attached first, R <0. This is
consistent with the analysis of the results R, as indicated above.

[0089] Fig. 8 is a graphical side view of the powerplant 24 and pylon 46 assembly, and
wing torque box 48. This illustration depicts the second link 64 béing attached between the
pylon 46 and the wing torque box 48 before attachment of the first link 62. In this illustration, R
> 0.

[0090] As indicated above, Fig. 3 is a graphical, side view of the powerplant 24 and
pylon 46 assembly, and wing torque box 48 after both the first link 62 and the second link 64
have been attached between the pylon 46 and the wing torque box 48. 'As should be apparent
from the foregoing, the present invention utilizes the weight of the powerplant 24 and pylon 46
assembly to assist with the attachment of the powerplant 24 and pylon 46 assembly to the wing
torque box 48. In both cases, the downward rotation of the powerplant 24 and pylon 46
assembly due to gravity helps the powerplant 24 and pylon 46 assembly to be positioned for
attachment to the wing torque box 48.

[0091] As should be apparent to those skilled in the art, during assembly, the powerplant
24 and pylon 46 assembly are supported on a lifting tool. In the instance where R <0 and the
first link 62 is attached first, the powerplant 24 and pylon 46 assembly is then suspended from
the wing torque box 48 via the first link 62. In other words, the weight of the powerplant 24 and
pylon 46 assembly may be used to introduce a tension load on the first link 62. In the instance
where R > 0 and the second link 64 is attached first, the powerplant 24 and pylon 46 assembly is
lowered into position, placing the second link 64 into compression. Regardless of which link 62,
64 is attached first, the weight of the powerplant 24 and pylon 46 assembly is subsequently relied
upon to assist with alignment of the holes that are associated with the other link.

[0092] Fig. 9 is a graphical representation of the method 108 of the present invention.
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[0093] The method 108 begins at step 110. As indicated above, the method 108 begins
before the powerplant 24 and pylon 46 assembly have been connected to the wing torque box 48
at the primary attachment 76. The first step of the method 108, therefore, entails connecting the
powerplant 24 and pylon 46 assembly to the wing torque box 48, as indicated by step 112. This
connection entails connecting the powerplant 24 and pylon 46 assembly to the wing torque box
48 via the left primary pin 82 and the right primary pin 88, as indicated above.

[0094] As indicated above, the positioning of the powerplant 24 and pylon 46 assembly
with respect to the locations of the left primary pin 82 and the right primary pin 88 may require
adjustment of the angular pitch of the powerplant 24 and pylon 46 assembly with respect to the
wing torque box 48. This angular adjustment of the powerplant 24 and pylon 46 assembly is not
considered to be a part of the method of the present invention. As noted above, however, the left
primary pin 82 and the right primary pin 84 are two of the four points establishing the hyperstatic
connection of the powerplant 24 and pylon 46 assembly to the wing torque box 48 (i.e., A3 and
A4). For clarity, the other two connection points are the locations for the first forward pin 68
(A1) and the second forward pin 72 (A2). In the alternative embodiment, where the first link 62
and the second link 64 are considered to be part of the powerplant 24 and pylon 46 assembly, the
other two connection points are the locations of the first rear pin 70 (A1) and the second rear pin
74 (A2).

[0095] The method 108 proceeds from step 112 to step 114, where the method 108
determines the length 98 of the first link 62. This length 98 also is referred to as L;. In one
contemplated embodiment, the length 98 (L;) may be measured (or calculated) automatically. In
another embodiment, the length 98 (L;) may be entered into a computer program as an input
(either manually or automatically from, for example, a separate program or database). In this
second embodiment, it is contemplated that the length 98 (L;) may have been determined by
another manufacturing step or may be provided by a manufacturer of the first link 62. In
accordance with a non-limiting example, the length may be obtained via receipt of coordinates
for each of the attachment holes at either end of the first link 62 in relation to a pre-determined
reference system.

[0096] At step 116, the method 108 determines the length 100 of the second link 64.
This length 100 also is referred to as L,. In one contemplated embodiment, the length 100 (L)

may be measured (or calculated) automatically. In another embodiment, the length 100 (L;) may
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be entered into a computer program as an input (either manually or automatically from, for
example, a separate program or database). In this second embodiment, it is contemplated that the
length 100 (L,) may have been determined by another manufacturing step or may be provided by
a manufacturer of the second link 64. In accordance with a non-limiting example, the length 100
(L,) may be obtained via receipt of coordinates for each of the attachment holes at either end of
the second link 64 in relation to-a pre-determined reference system.

[0097] With respect to steps 114 and 116, it is noted that these steps need not be
performed in the order illustrated in Fig. 9. To the contrary, the steps 114, 116 may be
performed in reverse order without departing from the scope of the present invention. In
addition, it is contemplated that steps 114, 116 may be performed simultaneously.

[0098] From step 116, the method 108 proceeds to step 118, where the method 108
determines the distance 102 (LA;) (measured, calculated or otherwise obtained) between the
location of the first forward pin 68 and the location of the second forward pin 70. It is
contemplated that the distance 102 (LA;) will be measured or calculated via one or more
techniques available to those skilled in the art. The distance 102 (LA,;) may be entered into a
computer program as an input (either manually or automatically from, for example, a separate
program or database). In accordance with a non-limiting example, the distance 102 (LA;) may
be determined via location coordinates provided for the hole for second forward pin 70 and for
the hole for first forward pin 68. These coordinates may be originally provided with reference to
two different reference systems. For example, the coordinates for the hole for the second
forward pin 70 may be provided in relation to a first coordinate reference system on the wing
torque box 48 and the coordinates of the hole for the first forward pin 68 may be provided in
relation to a second coordinate reference system on the powerplant 24 and pylon 46 assembly.
Once the third and fourth attachment points A3, A4 have been connected, the coordinates for the
hole for the second forward pin 70 and for the first forward pin 68 may be merged into a
common reference system such that the distance 102 (LA;) can be calculated.

[0099] From step 118, the method 108 proceeds to step 120, where the method 108
determines the distance 104 (LA;) (measured, calculated or otherwise obtained) between the
location of the first rear pin 72 and the location of the second rear pin 74. It is contemplated that
the distance 104 (LA,) will be measured or calculated via one or more techniques available to

those skilled in the art. The distance 104 (LA;) may be provided to a computer program
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automatically or entered manually, as required or as desired. In accordance with a non-limiting
example, the distance 104 (LA;) may be determined via location coordinates provided for the
hole for second rear pin 74 and for the hole for first rear pin 72. These coordinates may be
originally provided with reference to two different reference systems. For example, the
coordinates for the hole for the second rear pin 74 may be provided in relation to a first
coordinate reference system on the wing torque box 48 and the coordinates of the hole for the
first rear pin 72 may be provided in relation to a second coordinate reference system on the
powerplant 24 and pylon 46 assembly. Once the third and fourth attachment points A3, A4 have
been connected, the coordinates for the hole for the second rear pin 74 and for the first rear pin
72 may be merged into a common reference system such that the distance 104 (LLA;) can be
calculated.

[00100] As with the steps 114, 116, the steps 118, 120 need not be performed in the order
depicted in Fig. 9. To the contrary, step 120 may be performed prior to step 118 without
departing from the scope of the present invention. In still another contemplated embodiment, the
distances 102 (LA;) and 104 (LA;) may be determined simultaneously. Likewise, steps 118 and
120 need not be performed following steps 114, 116 and may be performed prior to steps 114,
116 or simultaneously therewith.

[00101] From step 120, the method 108 proceeds to step 122 where the first result value
R; is determined. The first result value R is the calculated difference between L; and LA;. As
noted in equation (1), R; = L; — LA;.

[00102] From step 122, the method 108 proceeds to step 124 where the second result
value R, is determined. The second result value R, is the calculated difference between L, and
LA,. Asnoted in equation (1), R, =L, — LA,.

[00103] As should be apparent, the steps 122 and 124 need not be performed in the order
outlined in Fig. 9. It is contemplated that step 124 may be performed before step 122 without
departing from the scope of the present invention. In still another contemplated embodiment,
steps 122 and 124 may be performed simultaneously (i.e., parallel computation). |
[00104] The method 108 proceeds from step 124 to step 126. At step 126, the method
determines the result R by summing R, and R,. As indicated by equation (1), R =R; + R,. Once
the value of R is determined, the method 108 may proceed to step 128 or step 130, which are

parts of parallel operations.
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[00105] At step 128, the method 108 determines if the result R is <0. If R <0, the
method proceeds to step 132, wherein the first link 62 is installed. After the first link 62 is
installed, the method 108 may proceed to step 134 where the second link 64 is installed.

[00106] If the method 108 determines that R > 0 at step 130, the method 108 proceeds to
step 134 where the second link 64 is installed. After installation of the second link 64, the
method 108 proceeds to step 132 where the first link 62 is installed.

[00107] From either step 132 or step 134, the method 108 proceeds to step 136 where the
method 108 ends.

[00108] With respect to steps 128 and 130, it is noted that these steps may be performed in
any order or simultaneously without departing from the scope of the present invention. With
regard to the installation steps 132, 134, the order of the performance of these steps will be
determined based on the result R. As noted, if the result R is <0, the first link 62 is installed
before the second link 64. If R > 0, the second link 64 is installed before the first link 62.

[00109] In the context of the construction discussed above, the present invention
encompasses a method of attachment of a combined (or pre-assembled) powerplant 24 and pylon
46 assembly, including the PQuad PQ, to an aircraft 10. More specifically, the method concerns
the attachment of a pre-assembled powerplant 24 and pylon 46 assembly or PQuad PQ to the
wing 18, 20 of an aircraft 10. As noted above, however, the pylon 46 is not required to practice
the present invention.

[00110] Without limiting the present invention, therefore, the method 108 for installing a
powerplant 24, a powerplant 24 and pylon 46 assembly, or a PQuad PQ on an aircraft 10
comprises determining a first length 98 (L) of a first link 62 with a first end and a second end,
the first link 62 being positionable between the powerplant 24, the powerplant 24 and pylon 46
assembly, or the PQuad PQ and the aircraft 10 (step 114). With respect to the method 108, the
present invention is discussed in connection with, but not limited to, the powerplant 24 and pylon
46 assembly.

[00111] The method 108 proceeds to determine a second length 100 (L,) of a second link
64 with a third end and a fourth end, the second link 64 being positionable between the
powerplant 24 and pylon 46 assembly and the aircraft 10 (step 116).

[00112] At step 118, the method 108 then determines a first distance 102 (LA;) between a
first position 68 (A1) on the powerplant 24 and pylon 46 assembly and a second position 70 (A1)
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on the aircraft 10, wherein the first position 68 (A1) and the first end are in register when the first
link 62 connects the powerplant 24 and pylon 46 assembly to the aircraft' 10 and the second
position 70 (Al) and the second end are in register when the first link 62 connects the
powerplant 24 and pylon 46 assembly to the aircraft 10.

[00113] At step 120, the method determines a second distance 104 (LA;) between a third
position 72 (A2) on the powerplant 24 and pylon 46 assembly and a fourth position 74 (A2) on
the aircraft 10, wherein the third position 72 (A2) and the third end are in register when the
second link 64 connects the powerplant 24 and pylon 46 assembly to the aircraft 10 and the
fourth position 74 (A2) and the fourth end are in register when the second link 64 connects the
powerplant 24 and pylon 46 assembly to the aircraft 10.

[00114] At step 122, the method 108 determines a first result R; by subtracting the first
distance 102 (LA;) from the first length 98 (L,).

[00115] At step 124, the method 108 determines a second result R, by subtracting the
second distance 104 (LA;) from the second length100 (L,).

[00116] The method 108 then proceeds to step 126, where the method 108 determines a
result R by adding the first result R; and the second result R,.

[00117] At step 128, the method 108 evaluates if the result R is less than or equal to zero.
At step 130, the method 108 evaluates if the result R is greater than zero. If the result R is less
than or equal to zero, the first link 62 is installed between the powerplant 24 and pylon 46
assembly and the aircraft 10 (step 132) before the second link 64 is installed (step 134). If the
result R is greater than zero, the second link 64 is installed before the first link 62.

[00118] In an alternative embodiment, the method 108 contemplates that the pylon 46 is
excluded from the engine 24, as discussed above. In a further contemplated embodiment, the
method 108 involves the PQuad PQ.

[00119] Those skilled in the art should appreciate that all or part of the functionality
previously described herein with respect to the method 108 of determining an order of
attachment of links between a pre-assembled powerplant and pylon assembly and an aircraft may
be implemented as pre-programmed hardware or firmware elements (e.g., application specific
integrated circuits (“ASICs”), electrically erasable programmable read-only memories

(“EEPROMSs”), etc.), or other related components.
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[00120] In other embodiments of the invention, all or part of the functionality previously
described herein may be implemented as software consisting of a series of instructions for
execution by a computing unit. As should be apparent, the software may be executed on a
suitable computing unit, such as a computer, tablet, smartphone, or other electronic device. The
series of instructions may be stored on a medium which is fixed, tangible and readable directly
by the computing unit (e.g., USB key, flash memory, CD-ROM, ROM, PROM, EPROM or fixed
disk), or the instructions may be stored remotely but be transmittable to the computing unit via a
modem or other interface device (e.g., a communications adapter) connected to a network over a
transmission medium. The transmission medium may be either a tangible medium (e.g., optical,
digital or analog communications lines) or a medium implemented using wireless techniques
(e.g., microwave, infrared or other transmission schemes).

[00121] The computing unit implementing the functionality of determining an order of
attachment of links between a pre-assembled powerplant 24 and pylon 46 assembly and an
aircraft 10 may be configured as a computing unit 140 of the type depicted in Fig. 10, including a
processing unit 142 and a memory 144 connected by a communication bus 150. The memory
includes, among other things, data 146 and program instructions 148. The processing unit 142 is
adapted to process the data 146 and the program instructions 148 in order to implement the
functionality described herein. In a non-limiting implementation, the program instructions 148
implement the functionality of processing unit 142 described above. The computing unit 140
may also comprise a number of interfaces for receiving or sending data elements to external
devices. For example, an interface may be used for receiving data streams indicative of
coordinates of attachment points on both the aircraft 10 and the pre-assembled powerplant 24
and pylon 46 assembly. Likewise, the computing unit 140 may comprise an interface for
releasing a signal causing a display unit to display of the results of the determination arrived at
by the processing unit 142. An interface for receiving signals from a user via a keyboard, mouse,
stylus, touch screen or any other input device also may be present.

[00122] Those skilled in the art should further appreciate that the program instructions 148
may be written in a number of programming languages for use with many computer architectures
or operating systems.

[00123] It will be appreciated that the system for determining an order of attachment of
links between a pre-assembled powerplant 24 and pylon 46 assembly and an aircraft 10, may be
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of a distributed nature where the data or coordinates regarding positioning data of the attachment
points on the aircraft 10 and pre-assembled powerplant 24 and pylon 46 assembly may be
collected at one location and transmitted to the computing unit 140 over a network. The network
may be any suitable network including but not limited to a global public network such as the
Intranet, a private network and a wireless network. In addition, the computing unit
implementing the functionality and method described above may be adapted to process
coordinates originating from multiple aircraft and pre-assembled pylon and engine information,
using suitable methods known in the computer related arts.

[00124] While the implementation described above contemplates execution electronically,
the method 108 is not limited thereto.

[00125] As noted above, the embodiment(s) described herein are intended to be exemplary
of the wide breadth of the present invention. Variations and equivalents of the described

embodiment(s) are intended to be encompassed by the present invention, as if described herein.
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What is claimed is:

1. A method for installing a pre-assembled powerplant and pylon assembly on an
aircraft, comprising:

determining a first length of a first link with a first end and a second end, the first
link being positionable between the pylon and the aircraft;

determining a second length of a second link with a third end and a fourth end, the
second link being positionable between the pylon and the aircraft;

determining a first distance between a first position on the pylon and a second
position on the aircraft, wherein the first position and the first end are in register when the first
link connects the pylon to the aircraft and the second position and the second end are in register
when the first link connects the pylon to the aircraft;

determining a second distance between a third position on the pylon and a fourth
position on the aircraft, wherein the third position and the third end are in register when the
second link connects the pylon to the aircraft and the fourth position and the fourth end are in
register when the second link connects the pylon to the aircraft;

determining a first result by subtracting the first distance from the first length;

determining a second result by subtracting the second distance from the second
length;

determining a third result by adding the first result and the second result;

if the third result is less than or equal to zero, installing the first link between the
pylon and the aircraft before installing the second link; and

if the third result is greater than zero, installing the second link between the pylon
and the aircraft before installing the first link.

2. The method of claim 1, further comprising: 7
connecting the pylon to the aircraft at a primary attachment before installing

either the first link or the second link.

3. The method of claim 2, further comprising:
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connecting the first end of the first link to the first posiﬁon on the pylon before
connecting the second end of the first link to the second position on the aircraft; and

connecting the third end of the second link to the third position on the pylon
before connecting the fourth end of the second link to the fourth position on the aircraft.

4. The method of claim 2, further comprising:

connecting the second end of the first link to the second position on the aircraft
before connecting the first end of the first link to the first position on the pylon; and

connecting the fourth end of the second link to the fourth position on the aircraft

before connecting the third end of the second link to the third position on the pylon.

5. © The method of claim 2, further comprising:

connecting the first end of the first link to the first position on the pylon before
connecting the second end of the first link to the second position on the aircraft; and

connecting the fourth end of the second link to the fourth position on the aircraft
before connecting the third end of the second link to the third position on the pylon.

6. The method of claim 2, further comprising:

connecting the second end of the first link to the second position on the aircraft
before connecting the first end of the first link to the first position on the pylon; and

connecting the third end of the second link to the third position on the pylon
before connecting the fourth end of the second link to the fourth position on the aircraft.

7. The method of claim 2, wherein:

the first and third positions define first and second attachment points,

the primary attachment point, the first attachment point, and the second
attachment point are positioned longitudinally with respect to the aircraft, and

the primary attachment point is interposed between the first attachment point and

the second attachment point.

8. The method of claim 2, wherein:
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the primary attachment point comprises third and fourth attachment points, and
the third and fourth attachment points are aligned laterally with respect to the

aircraft.

9. The method of claim 2, wherein:
the first and third positions define first and second attachment points,
the primary attachment point comprises third and fourth attachment points,
the first and the second attachment points are aligned longitudinally with respect
to the aircraft, ' |
the third and fourth attachment points are aligned laterally with respect to the
aircraft, and
the primary attachment point is interposed between the first attachment point and

the second attachment point.

10. The method of claim 1, wherein the powerplant and pylon assembly comprises at
least one selected from the group comprising a left fan cowl, a left thrust reverser, a right fan

cowl, a right thrust reverser, and an inlet cowl.

11. A method for installing a pre-assembled powerplant and pylon assembly on an
aircraft, the method comprising:

determining a first distance between a first attachment point on the powerplant
and pylon assembly and a second attachment point on the aircraft;

determining a second distance between a third attachment point on the powerplant
and pylon assembly and a fourth attachment point on the aircraft;

determining a first length of a first link adapted for attachment between the first
attachment point and the second attachment point;

determining a second length of a second link adapted for attachment between the
third attachment point and the fourth attachment point; and

determining at least based on the first length, the second length, the first distance
and the second distance, which of the first link and the second link to attach between the

powerplant and pylon assembly and the aircraft first.
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12. The method as defined in claim 11, wherein determining which of the first link
and second link to attach between the powerplant and pylon assembly and the aircraft first,
comprises:
a) determining a difference between the first length and the first distance;
b) determining a difference between the second length and the second distance; and
¢) determining a result by summing the differences of a) and b);
wherein
if the result is less than or equal to zero, the first link is attached between the
pylon and the aircraft first; and
if the result is greater than zero, the second link is attached between the pylon and

the aircraft first.

13. The method as defined in claim 11, wherein the first distance and the second
distance are determined based at least partly on coordinates of the first attachment point and third
attachment point with respect to a first coordinate system and coordinates of the second

attachment point and the fourth attachment point with respect to a second coordinate system.

14. A system for determining an order for attaching links between a pre-assembled
powerplant and pylon assembly and an aircraft, the system comprising;:

a) a processor including a CPU and a non-transient machine readable storage
medium encoded with software for execution by the CPU, for:

i) processing data conveying information indicative of:

- a first length of a first link;

- a second length of a second link;

- a first distance between a first attachment point on the pre-assembled
powerplant and pylon assembly and a second attachment point on the aircraft, the first link being
adapted for being attached between the first attachment point and the second attachment point;

- a second distance between a third attachment point on the pre-assembled

powerplant and pylon assembly and a fourth attachment point on the aircraft, the second link
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being adapted for being attached between the third attachment point and the fourth attachment
point;

ii) computing, via the software, a determination of which of the first link
and the second link should be installed first between the pre-assembled powerplant and pylon
assembly and the aircraft, at least in part on a basis of the first length, the second length, the first
distance, and the second distance; and

b) an output comprising output data identifying which of the first link and the
second link should be installed first.
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