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AIRCRAFT WITH REMOVABLE
STRUCTURAL PAYLOAD MODULE

BACKGROUND OF THE INVENTION

This invention relates to the configuration and structure of
an aircraft, and, more particularly, to an aircraft having a
removable payload module that forms the structural link
between a forward fuselage segment and an aft fuselage
segment.

An aircraft structure includes a fuselage, a wing, a tail,
and one or more engines mounted to the aircraft. A payload
such as passengers or cargo is typically carried within the
interior of the fuselage. In some cases, the payload may be
mounted at least in part exteriorly to the fuselage or affixed
externally to the wing.

Some aircraft are optimized for a single type of purpose
or mission, such as carrying only passengers, carrying only
cargo, or various specific military missions. In other cases,
the aircraft is made so as to be convertible between various
purposes in order to maximize the potential utilization of the
aircraft. In one example, a “cargo conversion” aircraft is
built so that the interior of the fuselage may be arranged with
rows of passenger seats for some applications. The rows of
seats are removable so that containers of cargo may be
placed into the interior of the fuselage for other applications.
In another example, used with aircraft such as bombers
having an internal bay, various packages may be placed into
the internal bay. In yet another example, interchangeable
external pods may be attached to the airframe.

While operable in specific types of applications, these
approaches to convertibility have limitations. If the various
payloads are so complex that extensive modifications to the
aircraft structure are required in order to effect the
conversion, the switching between payloads becomes pro-
hibitively costly and time consuming. For example, some
payloads may require access to the exterior of the aircraft, as
for instrumentation ports, while other payloads may require
that a portion of the payload reside exteriorly to the aircraft.
These widely varying types of payloads require that the
aircraft undergo extensive modifications, such as adding
instrumentation ports or external support pylons to accom-
plish the conversion. To reduce the cost and time required to
make the conversion, the instrumentation ports or external
support pylons may be provided as permanent parts of the
aircraft structure, but any addition of permanent structure
that is used only part of the time reduces the flight efficiency
of the aircraft. Such a reduction in efficiency may be
acceptable in some situations, but it is not acceptable for
aircraft which are expected to perform challenging missions
such as long loiter times at high altitudes, for several
different types of payloads.

There is a need for an improved aircraft configuration
which is both highly flexible as to the types of specialized
payloads that it can carry, and is also highly efficient in
operation. The present invention fulfills this need, and
further provides related advantages.

SUMMARY OF THE INVENTION

The present invention provides an aircraft structure which
is capable of operating with a wide variety of highly
specialized payloads, and is efficient in flight. It may be
converted between the types of payloads quickly and
efficiently, and using the same procedures regardless of the
type of payload being removed and the type of payload
being added. The latter is important to minimize the training
required for ground support personnel and the chances of
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error during conversion. The approach of the invention
allows the aircraft to accommodate large external payloads.
It also allows the aircraft to accommodate asymmetric
internal or external payloads, and to operate in missions
where the flight characteristics should be asymmetric. The
preferred embodiment of the invention has been designed
around a highly efficient aircraft having long loiter times at
high altitudes.

In accordance with the invention, an aircraft comprises a
forward fuselage segment, an aft fuselage segment, a wing
structure supported from the aft fuselage segment, a tail
structure supported from at least one of the aft fuselage
segment and the wing structure, and an engine supported
from one of the aft fuselage segment and the wing structure.
A payload module is disposed between and connects the
forward fuselage segment and the aft fuselage segment. The
payload module forms the structural attachment between the
forward fuselage segment and the aft fuselage segment. The
payload module is disconnectable from the forward fuselage
segment and the aft fuselage segment, such that the forward
fuselage segment and the aft fuselage segment are not
connected to each other when the payload module is dis-
connected from the forward fuselage segment and the aft
fuselage segment.

In one embodiment, a disconnectable forward module
attachment is disposed between the forward fuselage seg-
ment skin and the payload module skin, and a disconnect-
able aft module attachment is disposed between the aft
fuselage segment skin and the payload module skin. With
this arrangement, a first payload module may be easily
disconnected and removed by first disconnecting any pass-
through feeds, and then disconnecting the module structural
attachments. A new payload module may be provided and
built into the aircraft structure by reversing the procedure. To
accomplish the swapping of payload modules, it is not
necessary to modify the forward and/or aft fuselage struc-
tures.

In many instances, it is not sufficient simply that the
payload modules be swappable. To ensure acceptable flight
control characteristics for many missions and applications,
the center of mass and the aerodynamic neutral point must
bear a selected relationship to each other, both initially and
throughout the flight. This selected relationship must be
established for a variety of types of payloads used within the
payload module, but without placing a portion of the pay-
load into the forward or aft fuselage segments. For many
missions, it is desirable that the center of mass be slightly
forward of the aerodynamic neutral point, regardless of the
payload. The center of mass of the aircraft may be moved
according to the mass of the payload, and the presence of
external payloads may affect the aerodynamic neutral point.
The relative relationship of the locations of the center of
mass and the aerodynamic neutral point must therefore be
controllably adjustable to account for various payloads and
the changes that occur during the course of a mission.

At least four techniques are used to establish and maintain
the relative relationships of the center of mass and the
aerodynamic neutral point in the present approach. First, the
general aircraft configuration is selected to position the
approximate locations of the center of mass and the aero-
dynamic neutral point within the volume defined by the
payload module, so that payloads of different mass will have
minimal effects in shifting the center of mass of the aircraft.
Second, the preferred design includes a canard structure
supported from the forward fuselage segment, which serves
to shift the aerodynamic neutral point forwardly more than
the center of mass is shifted. Third, extensions having
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selected aerodynamic properties may be added to either or
both of the wings, and/or to either or both of the canards,
prior to a flight. The wing and canard extensions slightly
modify the center of mass, but they may have substantial
effects on the aerodynamic neutral point, depending upon
their type and size. The wing and canard extensions may be
made readily switchable or removable. The fourth approach
is to dynamically adjust the center of mass during flight by
moving fuel around to different locations within the aircraft.
In the preferred approach, the aircraft has fuel tanks in the
forward and aft fuselage segments, as well as in the wing
structure and the canard structure. As fuel is consumed
during the flight, the remaining fuel is pumped from selected
fuel tanks to other selected fuel tanks in order to adjust the
center of mass of the remaining fuel, and thence the center
of mass of the aircraft. If the payload application involves
the use of consumables during the mission, the use of the
payload consumables is taken into account in the fuel
transfer.

The payload module is preferably attached to the forward
and aft fuselage segments through their respective skin
structures, minimizing the weight of internal connectors and
other structure. The skin structures are desirably composite
structures formed of advanced composite materials such as
graphite or glass reinforcement embedded in a matrix of a
thermosetting or thermoformable plastic. Sandwich struc-
tures having plies of the composite material over a foam core
may also be employed. Any operable attachment between
the forward segment skin and the payload module skin, and
between the aft segment skin and the payload module skin,
may be used. In one preferred approach, an attachment strap
extends circumferentially around the fuselage, overlapping
the payload module skin and the adjacent forward segment
skin or aft segment skin. A plurality of removable fasteners
affixes the attachment strap to the adjacent fuselage segment
skin and to the payload module skin. An internal circular
bulkhead may be provided in either the adjacent fuselage
segment or the payload module, or both, to prevent their
inward deformation and collapse under the loads imposed at
the joint.

Anumber of pass-through feeds are provided between the
forward and aft fuselage segments. Such feeds include, for
example, fuel lines, hydraulic lines, pneumatic lines, cabin
pressurization lines, control cables, and electrical/
instrumentation leads. Appropriate disconnects are provided
between these feeds at the forward segment/payload module
and payload module/aft segment disconnect interfaces.

The present approach is distinct from the cargo conver-
sion approach because an entire section of fuselage is
changeable, not just structure within the interior of the
fuselage. It is distinct from the use of an insert in an internal
bay because the payload module forms the only structural
connection between the forward and aft fuselage segments.
It is distinct from “stretch” aircraft modifications, wherein
the fuselage is cut and a new section permanently inserted,
because the payload module of the present invention may be
easily disconnected and switched. It is distinct from con-
figurations using an external payload carrier because the
payload module of the invention provides the structural
connection between the forward and aft fuselage segments.

Other features and advantages of the present invention
will be apparent from the following more detailed descrip-
tion of the preferred embodiment, taken in conjunction with
the accompanying drawings, which illustrate, by way of
example, the principles of the invention. The scope of the
invention is not, however, limited to this preferred embodi-
ment.

10

15

20

25

30

35

40

45

50

55

60

65

4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective partially exploded view of an
aircraft according to the invention, with a payload module
having an external communications antenna;

FIG. 2 is a front elevational view of the aircraft of FIG.
1

FIG. 3 is a side elevational view of the aircraft of FIG. 1,

FIG. 4 is a perspective view of the aircraft of FIG. 1, with
a payload module having an air sampling apparatus;

FIG. 5 is a perspective view of the aircraft of FIG. 1, with
a payload module having an external reconnaissance pod;

FIG. 6 is a perspective view of the aircraft of FIG. 1, with
a payload module supporting and having just released an
external launchable vehicle;

FIG. 7 is a schematic combination elevational and sec-
tional view of the aft fuselage section illustrating the mount-
ing of the engines thereto;

FIG. 8 is a sectional view of the aft fuselage section, taken
generally on line 8—S8 of FIG. 7,

FIG. 9 is a sectional view of a support spar, taken along
line 9—9 of FIG. 8;

FIG. 10 is a schematic elevational sectional view of the
payload module and the longitudinally adjacent fuselage
segments, illustrating the attachment therebetween;

FIG. 11 is a sectional view of the payload module, taken
generally on line 11—11 of FIG. 10;

FIG. 12 is an enlarged sectional view of the skin of the
payload module, taken generally along lines 12—12 of FIG.
10; and

FIG. 13 is a schematic diagram of the fuel storage and
transfer system.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1-3 illustrate the overall configuration of an air-
craft 20 made according to the invention, with FIG. 1 being
a partially exploded view that illustrates the modular con-
struction of the aircraft. The aircraft 20 includes an elon-
gated fuselage 22 with a forward fuselage segment 24 and an
aft fuselage segment 26. The pilots, if any, are in the forward
fuselage segment 24. A generally planar wing structure 28,
including a left wing (viewed from above, facing the front
of the aircraft) 30 and a right wing 32, is supported from the
aft fuselage segment 26.

Atail structure 34 is supported from either the aft fuselage
segment 26 or, in this preferred case, from the wing structure
28. The preferred tail structure 34 includes a left boom 36
supported from the left wing 30 and extending parallel to the
fuselage 22 and a right boom 38 supported from the right
wing 32 and extending parallel to the fuselage 22. A left
vertical tail 40 is affixed to the aft end of the left boom 36,
and a right vertical tail 42 is affixed to the aft end of the right
boom 38.

The wing structure 28 has conventional movable aileron
control surfaces 44 thereon, and the vertical tails 40 and 42
have conventional rudder control surfaces 46 thereon. As
illustrated, the vertical tails 40 and 42, and their rudder
control surfaces 46 extend above and below the plane of the
wing structure 28 so that, when the rudder control surfaces
46 are activated, their center of pressure is approximately in
the plane of the wing structure 28 and there is little tendency
of the booms 36 and 38 to twist.

A front landing gear 48 is supported from and retractable
into the forward fuselage segment 24, and two rear landing















