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AIRCRAFT FUSELAGE CONSTRUCTED OF AIRCRAFT FUSELAGE SECTIONS
SCREWED TOGETHER

FIELD

This disclosure pertains to the construction of an aircraft fuselage of circular
cross-section. More specifically, this disclosure pertains to multiple composite and
monolithic fuselage sections (called also “barrels”) being integrated together to form a
fuselage. This integration process of joining two adjacent sections involves a sleeve
connected to the sections by screw threads shaped on the edges of fuselage sections
and on the sleeve.

BACKGROUND

It can be appreciated that in constructing component parts of an aircraft and in
particular in the construction of an aircraft fuselage a substantial number of mechanical
fasteners are employed. For example, in assembling a first fuselage section to a
second fuselage section, a time tested method of bolting internal metal splices between
the fuselage sections is employed. This approach appears very convenient and
effective in fuselages built of metal. The joining of the two fuselage sections by the
bolted internal splices can occur in the sub assembly stage, or during final assembly.

In the example of a typical aircraft fuselage being constructed of five cylindrical
composite fuselage sections, there can be as many as 24 frame segments, 300 splices
and 8000 threaded fasteners (bolts) employed in splicing or joining together the
fuselage sections. This requires 8000 holes to be drilled (through the fuselage sections
and any joining splice), reamed, checked for quality assurance, all bolts to be installed
and most of this is taking place during the final assembly of the aircraft prepared to join
a moving assembly line.

Because final assembly typically takes place with the fuselage moving along an
assembly line, it is advantageous to reduce the workload of the final assembly of the
moving fuselage. Additionally, the weight reduction and part count reduction associated
with this concept would be desirable.
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SUMMARY

The aircraft fuselage of this disclosure and its method of construction enable the
elimination of substantially all of the mechanical fasteners needed in current methods of
constructing an aircraft fuselage by joining several cylindrical fuselage sections. With
the elimination of the mechanical fasteners, the time required for assembling fuselage
sections together can be substantially reduced. Additionally, the elimination of the
mechanical fasteners also significantly reduces the weight of the fuselage.

The aircraft fuselage of this disclosure will be described with reference to a first
cylindrical fuselage section and a second cylindrical fuselage section. However, it
should be understood that this is only one exemplary embodiment of the aircraft
fuselage. The aircraft fuselage of this disclosure can be constructed having more than
just a first and second fuselage section.

The first fuselage section is constructed having a length with opposite forward
and rearward ends. The rearward end of the fuselage section has a circular rearward
edge. A first screw thread is formed on the first fuselage section adjacent the rearward
edge. In this embodiment the first screw thread is formed on an interior surface of the
first fuselage section. The first screw thread spirals around the first fuselage section in
a first direction, creating a right-hand thread. In the described embodiment, the first
screw thread is an integral part of the first fuselage section and both of them are
constructed of composite material as one unit.

The second fuselage section is also constructed having a length with opposite
forward and rearward ends. The forward end of the second fuselage section has a
circular forward edge. A second screw thread is formed on the second fuselage section
adjacent the forward edge. In this embodiment the second screw thread is formed on
the interior surface of the second fuselage section. The second screw thread spirals
around the second fuselage section in a second direction, creating a left-hand thread.
The second direction is opposite to the first direction. For example, the first screw
thread could spiral around the first fuselage section in a clockwise direction and the
second screw thread could spiral around the second fuselage section in a
counterclockwise direction. In the described embodiment, the second screw thread is
an integral part of the second fuselage section and both of them are constructed of

composite material as one unit.
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A cylindrical sleeve is used to join the first fuselage section and the second
fuselage section together. The sleeve has a length with opposite forward and rearward
edges. A first screw thread (right-hand thread) is formed on the sleeve adjacent the
sleeve forward edge. In this embodiment the first screw thread is formed on the exterior
surface of the sleeve to mate with the first screw thread formed on the interior surface of
the first fuselage section. The first screw thread on the sleeve is complementary to the
first screw thread on the first fuselage section and mates with the first screw thread on
the first fuselage section securing the sleeve to the first fuselage section. A second
screw thread is also formed on the exterior surface of the sleeve adjacent the sleeve
rearward edge. The second screw thread (left-hand thread) is formed on the exterior
surface of the sleeve to mate with the second screw thread formed on the interior
surface of the second fuselage section. The second screw thread on the sleeve is
complementary to and mates with the second screw thread on the second fuselage
section securing the sleeve to the second fuselage section.

The process of securing the first fuselage section to the second fuselage section
is accomplished by rotating the sleeve relative to the first fuselage section and the
second fuselage section. The first and second fuselage sections are secured against
rotation, but are free to move toward each other in translatory movements. The sleeve
is positioned between the first fuselage section and the second fuselage section. The
first screw thread on the sleeve is engaged in or mated with the first screw thread on the
first fuselage section at the rearward edge of the first fuselage section. The second
screw thread on the sleeve is engaged in or mated with the second screw thread on the
second fuselage section at the forward edge of the second fuselage section. These two
engagements should happen simultaneously. The sleeve is then rotated relative to the
first and second fuselage sections in such a way that, due to the opposite spiraling
directions of the first screw thread on the first fuselage section and the second screw
thread on the second fuselage section, the rotation of the sleeve pulls the first and
second fuselage sections toward each other. The rotation of the sleeve is continued
until the rearward edge of the first fuselage section engages with the forward edge of
the second fuselage section, thereby securing together the first and second fuselage

sections.
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In this embodiment of the aircraft fuselage, the rearward edge of the first
fuselage section has a non-linear (or non-planar) configuration. The forward edge of
the second fuselage section also has a non-linear (or non-planar) configuration. The
non-linear configurations of the first fuselage rearward edge and the second fuselage
section forward edge are complementary. When the non-linear configurations of the
first fuselage section rearward edge and the second fuselage section forward edge
engage with each other, the configurations form a secure joint between the two fuselage
sections that transfers torsion and shear forces directly between the two fuselage
sections without effecting the sleeve rotation. Other forces such as tension and
compression are transferred through the sleeve.

An adhesive can be used to prevent the sleeve rotation relative to the fuselage
sections after assembly. This adhesive (still in a liquid state) can additionally be used
as a lubricant during the screwing process.

The aircraft fuselage of this disclosure and its method of construction and
assembly enable the elimination of substantially all of the mechanical fasteners needed
in current methods of assembling an aircraft fuselage when joining several cylindrical
fuselage sections. With the elimination of the mechanical fasteners, the time required
for assembling the fuselage sections together can be substantially reduced.
Additionally, the elimination of the mechanical fasteners also can significantly reduce
the weight of the fuselage.

The features, functions, and advantages that have been discussed can be
achieved independently in various embodiments or may be combined in yet other
embodiments further details of which can be seen with reference to the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features of the aircraft fuselage of this disclosure and its construction are
set forth in the following detailed description of the aircraft fuselage and in the drawing
figures.

Figure 1 is a flow diagram of aircraft production and service methodology.

Figure 2 is a block diagram of an aircraft.
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Figure 3 is a representation of a perspective exploded view of an aircraft
fuselage employing the construction of this disclosure.

Figure 4 is an out of scale representation of a perspective view of two connected
aircraft fuselage sections of the aircraft fuselage.

Figure 5 is a view similar to that of Figure 4, but showing the two aircraft
fuselage sections in “an exploded view” with the sleeve between them.

Figure 6 is a partial cross-section view of the first screw thread on the first
fuselage section.

Figure 7 is an enlarged partial cross-section view of the first screw thread on the
first fuselage section.

Figure 8 is a cross-section view of the first screw thread on the sleeve.

Figure 9 is an enlarged partial cross-section view of the first screw thread on the
sleeve.

Figure 10 is a partial cross-section view of the secured connection between the
first and second fuselage sections provided by the sleeve.

Figure 11 is an enlarged partial view of the sleeve of Figure 5.

Figure 12 is an enlarged partial view of the interior of the second aircraft fuselage
section.

Figure 13 is an enlarged partial view of the sleeve secured to the second
fuselage section (the first fuselage section removed for clarity).

Figure 14 is a flow diagram of the assembling process of joining two fuselage
sections by screwing two of them with the threaded sleeve.

DETAILED DESCRIPTION

Referring more particularly to the drawings, embodiments of the disclosure may
be described in the context of an aircraft manufacturing and service method 10 as
shown in Figure 1 and an aircraft 12 as shown in Figure 2. During pre-production,
exemplary method 10 may include specification and design 14 of the aircraft 12 and
material procurement 16. During production, component and subassembly
manufacturing 18 and system integration 20 of the aircraft 12 takes place. Thereafter,
the aircraft 12 may go through certification and delivery 22 in order to be placed in
service 24. While in service by a customer, the aircraft 12 is scheduled for routine
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maintenance and service 26 (which may also include modification, reconfiguration,
refurbishment, and so on).

Each of the processes of method 10 may be performed or carried out by a
system integrator, a third party, and/or an operator (e.g., a customer). For the purposes
of this description, a system integrator may include without limitation any number of
aircraft manufacturers and major-system subcontractors; a third party may include
without limitation any number of venders, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity, service organization, and
SO on.

As shown in Figure 2, the aircraft 12 produced by exemplary method 10 may
include an airframe 28 with a plurality of systems 30 and an interior 32. Examples of
high-level systems 30 include one or more of a propulsion system 34, an electrical
system 36, a hydraulic system 38, and an environmental system 40. Any number of
other systems may be included. Although an aerospace example is shown (aircraft,
rockets), the principles of the invention may be applied to other industries, such as the
automotive, railroad or tooling industry.

Apparatus and methods embodied herein may be employed during any one or
more of the stages of the production and service method 10. For example, components
or subassemblies corresponding to production process 18 may be fabricated or
manufactured in a manner similar to components or subassemblies produced while
the aircraft 12 is in service. Also, one or more apparatus embodiments, method
embodiments, or a combination thereof may be utilized during the production stages 18
and 20, for example, by substantially expediting assembly of or reducing the cost of an
aircraft 12. Similarly, one or more of apparatus embodiments, method embodiments, or
a combination thereof may be utilized while the aircraft 12 is in service, for example and
without limitation, to maintenance and service 26.

Figure 3 is a representation of an aircraft having a fuselage 42 constructed in
accordance with the method to be disclosed herein. As is represented in Figure 3, the
aircraft fuselage 42 is constructed of five sections 44, 46, 48, 50, 52 that are secured
together end-to-end in forming the fuselage. In the description of the fuselage to follow,
only two of the fuselage sections, a first section 44 and a second section 46 and the
securing connection between these two fuselage sections will be described. It should
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be understood that the securing connections between each of the adjacent fuselage
sections 46, 48, 50, 52 can be the same secure connection as between the first
fuselage section 44 and the second fuselage section 46. Furthermore, the aircraft
fuselage 42 represented in Figure 3 comprised of five fuselage sections is only one
example of aircraft construction employing the method to be disclosed herein. An
aircraft having a larger number of fuselage sections or a smaller number of fuselage
sections could be constructed according to the method described herein. The aircraft
fuselage 42 of this disclosure is also described as being constructed of composite
material. It should be understood that the concepts of the aircraft fuselage construction
to be disclosed could be applied to aircraft or any other products built of other
equivalent types of materials.

It should be understood that this type of connection, described above, can also
consist of the sleeve located outside (not inside) the threaded portions of the fuselage
sections. In this case the threads are formed on the inside (not outside) of the sleeve
and the outside (not inside) of the fuselage sections.

It also should be understood that left-hand threads and right-hand threads can be
used alternatively, but they should be opposite on the opposite edges of the sleeve and
there should be an agreement between thread directions of the sleeve and of the
fuselage sections. This will determine the direction of sleeve rotation during the
assembly.

Figures 4 and 5 show representations of the rear portion of the first fuselage
section 44 and the forward portion of the second fuselage section 46 removed from the
aircraft fuselage 42 shown in Figure 3. The representations of the first 44 and second
46 fuselage sections shown are simplified and out of scale with the thread enlarged for
better visualization and to simplify the description of the fuselage sections.

The rear portion of the first fuselage section 44 has a cylindrical length with
opposite forward 56 and rearward 58 circular edges at a forward end and rearward end,
respectively, a cylindrical interior surface 60 and an opposite cylindrical exterior surface
62. A first screw thread 64 is formed in the interior surface 60 of the first fuselage
section 44 adjacent the rearward edge 58 of the section. The first screw thread 64
spirals around the interior surface 60 of the first fuselage section 44 in a first direction
from the rearward edge 58 into the first fuselage section 44. In the example shown in
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Figure 5 the first direction of the first screw thread 64 is clockwise or a right-hand
thread.

Figures 6 and 7 show cross-section details of the construction of the first thread
64 on the first fuselage section 44. Figure 6 is a representation of a cross-section of the
first fuselage section 44 taken through the bottom of the cylindrical section with the
rearward edge 58 of the section shown to the right and the forward edge being to the
left. Figure 7 is an enlarged partial view representing the fuselage section’s
construction. In Figure 7 it can be seen that the first fuselage section 44 is comprised of
a plurality of structural composite (fiber reinforced plastic) layers (66, 68, 70, 72, 74 are
shown, but their number can be different, depending on the number of the thread’s
humps) and a unidirectional composite piece or noodle 78 (this one is perpendicular to
the picture). The noodle 78 spirals around the interior of the first fuselage section 44
and forms the foundation of the first screw thread 64. Note, that any of the layers 66,
68, 70, 72 and 74 can consist of many laminas. The number of these laminas and their
orientation within one layer depend on the engineering requirements. To keep tight
tolerances of the thread’s profile it is advisable to form the thread on a mold
complementary to the thread profile and located inside of the thread. The first layer of
composite 74 is laid outside of the mold all along the fuselage section 44 but terminated
at the end of the first hump of the thread. Now the first hump is filled with the noodle 78.
The second layer of composite 72 is laid on the top of the previous layer 74 along the
fuselage section 44, over the noodle and terminated at the end of the second hump of
the thread. The second hump of the thread is filled by the same noodle 78. This
process is repeated to address all of the humps of the thread and is not limited to the
small segment shown in Figure 7. Termination points of the layers are labeled 80. The
last layer of the composite 66 covers the entire length of the fuselage section 44 up to
the rear edge 58. This last layer creates the external surface of the fuselage section 44
or the fuselage’s outer mold line (OML). The first screw thread 64 has a thread profile
similar to the Edison thread and is based on a conical surface as represented by the
phantom line 82 in Figure 6. Thus, the interior diameter dimension of the first thread 64
becomes gradually smaller as the first thread 64 spirals across the interior surface 60 of
the first fuselage section 44 from the rearward edge 58 of the section toward the
forward edge 56 of the fuselage section 44. The increments of the cone’s radius 84 are
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caused by the gradual increase of the number of layers with given thickness. The
conical base 82 of the thread can help the proper engagement between the sleeve and
fuselage section at the beginning of the screwing process and will allow access for
adhesive squeezed through the connection.

The second fuselage section 46 is basically a mirror image of the first fuselage
section 44. The second fuselage section 46 is also constructed having a cylindrical
length with opposite forward 86 and rearward 88 circular edges at a forward end and a
rearward end respectively, a cylindrical interior surface 90 and an opposite cylindrical
exterior surface 92. A second screw thread 94 is also formed on the second fuselage
section interior surface 90 adjacent the forward edge 86 of the fuselage section. The
second screw thread 94 spirals around the interior surface of the second fuselage
section 46 in a second direction from the forward edge 86 into the second fuselage
section 46. The second spiraling direction of the second thread 94 is opposite to the
first spiraling direction of the first thread 64. For example, with the first thread 64 being
a right-hand thread, the second thread 94 would be a left-hand thread. Stated
differently, if the first screw thread 64 could spiral around the first fuselage section 44 in
a clockwise direction then the second screw thread 94 could spiral around the second
fuselage section 46 in a counterclockwise direction. The second screw thread 94 is
constructed in the same manner as the first screw thread 64 described earlier.
Therefore, the construction of the second screw thread 94 will not again be described.
In the above-described embodiments of the first fuselage section 44 and the second
fuselage section 46, both the first fuselage section 44 and its screw thread 64 are
constructed of composite material as one unit and the second fuselage section 46 and
its screw thread 94 are constructed of composite material as one unit.

The first fuselage section 44 and the second fuselage section 46 are joined
together by a cylindrical sleeve 96. Figure 5 shows the cylindrical sleeve 96 prior to its
assembly to the first fuselage section 44 and the second fuselage section 46. The
sleeve 96 has a cylindrical length with opposite forward 98 and rearward 100 circular
edges and opposite interior 102 and exterior 104 cylindrical surfaces. The internal
cylindrical surface 102 can have a flange 106 acting as the frame and as a handle
during the screwing process. A first screw thread 108 on the sleeve 96 is formed on the
sleeve exterior surface 104 adjacent the sleeve forward edge 98 to mate with the first
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screw thread 64 formed on the interior surface of the first fuselage section 44 and to
complementary to the first screw thread 64 on the first fuselage section 44. A second
screw thread 110 is also formed on the sleeve exterior surface 104 adjacent the sleeve
rearward edge 100. The second screw thread 110 is formed on the sleeve exterior
surface 104 to mate with the second screw thread 94 formed on the second fuselage
section 46 interior surface 90. The second screw thread 110 on the sleeve 96 is
complementary to the second screw thread 94 on the second fuselage section. The
sleeve second screw thread 110 mates with the second screw thread 94 on the second
fuselage section 46 securing the sleeve to the second fuselage section. The
construction of the sleeve 96 is represented in Figure 8 and Figure 9 and is similar to
the construction of the first screw thread 64 and second screw thread 94 on the
respective first and second fuselage sections 44 and 46. Therefore, the construction of
the first 108 and second 110 screw threads on the sleeve 96 will not again be described
in detail, except for the clarification that the threads108 and 110 on the sleeve should be
formed inside (not outside) a specially built mold to achieve good dimensional
tolerances. With the first 108 and second 110 screw threads on the sleeve 96 being so
constructed, the sleeve 96 with the first screw thread 108 and with the second screw
thread 110 are constructed of composite material as one unit.

It is necessary to stress, that sleeve 96 can be alternatively produced entirely of
metal, depending on the production conveniences, costs and engineering analyzes.

The process of securing the first fuselage section 44 to the second fuselage
section 46 is accomplished by rotating the sleeve 96 relative to the first fuselage section
and the second fuselage section. This process is represented in Figure 14. The first 44
and second 46 fuselage sections are secured against rotation, but are free to move
toward each other in translatory movements. The sleeve 96 is positioned between the
first fuselage section 44 and the second fuselage section 46. The first screw thread 108
on the sleeve 96 is engaged in or mated with the first screw thread 64 on the first
fuselage section 44 at the rearward edge 58 of the first fuselage section. The second
screw thread 110 on the sleeve 96 is engaged in or mated with the second screw thread
94 on the second fuselage section 46 at the forward edge 86 of the second fuselage
section. These two engagements have to be accomplished simultaneously. The sleeve
96 is then rotated relative to the first 44 and second 46 fuselage sections. The direction

10
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of this rotation has to be determined to achieve movement of the sleeve deep into the
first 44 and second 46 fuselage sections. Due to the opposite spiraling directions of the
first screw thread 64 on the first fuselage section 44 and the second screw thread 94 on
the second fuselage section 46, the proper direction of the rotation of the sleeve 96
should pull the first 44 and second 46 fuselage sections toward each other. The
rotation of the sleeve 96 is continued until the rearward edge 58 of the first fuselage
section 44 engages with the forward edge 86 of the second fuselage section 46, thereby
securing together the first and second fuselage sections as represented in Figure 10.

In this embodiment of the aircraft fuselage, the rearward edge 58 of the first
fuselage section 44 has a non-linear configuration. The forward edge 86 of the second
fuselage section 46 also has a non-linear configuration. The non-linear configurations
of the first fuselage section rearward edge 58 and the second fuselage section forward
edge 86 are complementary. When the non-linear configurations of the first fuselage
section rearward edge 58 and the second fuselage section forward edge 86 engage
with each other, the configurations form a secure joint between the two fuselage
sections that transfers torsion and shear forces between the two fuselage sections.

Figure 11 is an enlarged partial view of the sleeve showing details of the sleeve
96.

Figure 12 is an enlarged partial view of the interior of the second fuselage
section 46.

Figure 13 is an enlarged partial view of the sleeve secured to the second
fuselage section showing the detail of the assembly of sleeve 96 and second fuselage
section 46 (the first fuselage segment 44 is not shown for better clarity).

An adhesive can be used to prevent the sleeve rotation relative to the fuselage sections
after assembly. This adhesive (still in a liquid or paste state) can be additionally
employed as a lubricant during the screwing process

The aircraft fuselage of this disclosure and its method of construction enable the
elimination of substantially all of the splicing parts and the mechanical fasteners needed
in current methods of constructing an aircraft fuselage by joining several cylindrical
fuselage sections. With the elimination of the splices and the mechanical fasteners,
both the time required for assembling fuselage sections together and costs of the

11
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operation could be substantially reduced. Additionally, the elimination of the mechanical
fasteners also could reduce the weight of the fuselage.

Figure 14 shows the block flow diagram of the process of joining two fuselage
sections. It should be understood that this process can be repeatedly applied to join all
fuselage sections.

Clause 1. An aircraft fuselage comprising:

a first fuselage section, the first fuselage section having a length with a
forward end and an opposite rearward end, a first screw thread on the first
fuselage section adjacent the rearward end, the first screw thread spiraling
around the first fuselage section;

a second fuselage section, the second fuselage section having a length
with a forward end and an opposite rearward end, a second screw thread
on the second fuselage section adjacent the forward end, the second
screw thread spiraling around the second fuselage section;

a sleeve, the sleeve having a length with a forward end and an opposite
rearward end, screw threading on the sleeve, the screw threading on the
sleeve mating with the first screw thread on the first fuselage section and
the screw threading on the sleeve mating with the second screw thread on
the second fuselage section, the screw threading on the sleeve securing
together the first and second fuselage sections.

Clause 2. The aircraft fuselage of clause 1, further comprising:
the first fuselage section being constructed of composite material; and,
the second fuselage section being constructed of composite material.

Clause 3. The aircraft fuselage of clause 2, further comprising:
the first screw thread on the first fuselage section being constructed of
composite material; and,
the second screw thread on the second fuselage section being
constructed of composite material.

Clause 4. The aircraft fuselage of clause 3, further comprising:

12
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the sleeve being constructed of composite material.

Clause 5. The aircraft fuselage of clause 3, further comprising:

the sleeve being constructed of metal.

Clause 6. The aircraft fuselage of clause 1, further comprising:
the first fuselage section rearward end having a circular rearward edge;
the second fuselage section forward end having a forward edge; and,
the first fuselage section rearward edge engaging against the second
fuselage section forward edge.

Clause 7. The aircraft fuselage of clause 6, further comprising:
the first fuselage section rearward edge having a non-linear configuration;
the second fuselage section forward edge surface having a non-linear
configuration; and,
the non-linear configurations of the first fuselage section rearward edge
surface and the second fuselage section forward edge surface being

complementary.

Clause 8. The aircraft fuselage of clause 1, further comprising:
the first screw thread on the first fuselage section spiraling around the first
fuselage section in a first direction;
the second screw thread on the second fuselage section spiraling around
the second fuselage section in a second direction; and,

the first and second directions being opposite directions.

Clause 9. The aircraft fuselage of clause 1, further comprising:
the first fuselage section having an interior surface and an opposite
exterior surface, the first screw thread being on the interior surface of the
first fuselage section;
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the second fuselage section having an interior surface and an opposite
exterior surface, the second screw thread being on the interior surface of
the second fuselage section; and,
the sleeve having an interior surface and an opposite exterior
surface, the screw threading on the sleeve being on the sleeve

exterior surface.

Clause 10. An aircraft fuselage comprising:

a cylindrical first fuselage section, the first fuselage section having a
length with opposite forward and rearward ends, the first fuselage section
having a circular rearward edge at the rearward end, a first screw thread
on the first fuselage section adjacent the rearward edge, the first screw
thread spiraling around the first fuselage section in a first direction;

a cylindrical second fuselage section, the second fuselage section having
a length with opposite forward and rearward ends, a circular forward edge
at the second fuselage section forward end, a second screw thread on the
second fuselage section adjacent the forward edge of the second fuselage
section, the second screw thread spiraling around the second fuselage
section in a second direction, the first direction and the second direction
being opposite; and,

a cylindrical sleeve, the sleeve having a length with opposite circular
forward and rearward edges, a first screw thread on the sleeve adjacent
the sleeve forward edge, the first screw thread on the sleeve being
complementary to and mating with the first screw thread on the first
fuselage section securing the sleeve to the first fuselage section, and a
second screw thread on the sleeve adjacent the sleeve rearward edge,
the second screw thread on the sleeve being complementary to and
mating with the second screw thread on the second fuselage section
securing the sleeve to the second fuselage section, the sleeve securing
the first fuselage section to the second fuselage section.

14
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Clause 11. The aircraft fuselage of clause 10, further comprising:
the first fuselage section being constructed of composite material; and,
the second fuselage section being constructed of composite material.

Clause 12. The aircraft fuselage of clause 11, further comprising:
the sleeve being constructed of composite material.

Clause 13. The aircraft fuselage of clause 10, further comprising:
the first fuselage section rearward edge engaging against the second
fuselage section forward edge.

Clause 14. The aircraft fuselage of clause 13, further comprising:
the first fuselage section rearward edge having a non-linear configuration;
the second fuselage section forward edge having a non-liner
configuration; and,
the non-linear configurations of the first fuselage section rearward edge

and the second fuselage section forward edge being complementary.

Clause 15. The aircraft fuselage of clause 10, further comprising:
the first fuselage section having an interior surface and an opposite
exterior surface, the first screw thread being on the interior surface of the
first fuselage section;
the second fuselage section having an interior surface and an opposite
exterior surface, the second screw thread being on the interior surface of
the second fuselage section;
the sleeve having an interior surface and an opposite exterior surface, the
screw threading on the sleeve being on the sleeve exterior surface.

Clause 16. The aircraft fuselage of clause 10, further comprising:

the first fuselage section and the first screw thread being constructed of

composite material; and,
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the second fuselage section and the second screw thread being
constructed of composite material.

Clause 17. A method of making an aircraft fuselage comprising:

constructing a cylindrical first fuselage section with the first fuselage
section having a first screw thread that spirals around the first fuselage
section;

constructing a cylindrical second fuselage section with the second
fuselage section having a second screw thread that spirals around the
second fuselage section;

securing the first fuselage section to the second fuselage section with a
cylindrical sleeve having screw threading on the sleeve that mates with
the first screw thread on the first fuselage section and mates with the
second screw thread on the second fuselage section and secures together
the first and second fuselage sections.

Clause 18. The method of clause 17, further comprising:

securing the first fuselage section to the second fuselage section by
rotating the sleeve relative to the first fuselage section and to the second
fuselage section while securing the first fuselage section and the second

fuselage section against rotation.

Clause 19. The method of clause 17, further comprising:

constructing the first fuselage section with the first screw thread spiraling
around the first fuselage section in a first direction; and,

constructing the second fuselage section with the second screw thread
spiraling around the second fuselage section in a second direction, the
second direction being opposite the first direction.

Clause 20. The method of clause 17, further comprising:

constructing the sleeve of a composite material with the sleeve having
screw threading that is complementary to and mates with the first screw
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thread on the first fuselage section and the sleeve having screw threading
that is complementary to and mates with the second screw thread on the
second fuselage section.

It should be understood that the geometrical parameters of threads used can be
different from those shown in this particular concept. Profile of the thread, number of
threads around the circumference and the angle of sleeve rotation for full engagement
have to be determined during engineering design taking under consideration (among
others) loads, material capabilities and manufacturing concerns.

As various modifications could be made in the construction of the aircraft
fuselage described and illustrated herein without departing from the scope of the
disclosure, it is intended that all matter contained in the foregoing description or shown
in the accompanying drawings shall be interpreted as illustrative rather than limiting.
Thus, the breadth and scope of the aircraft fuselage disclosure should not be limited by
any of the above described exemplary embodiments, but should be defined only in
accordance with the following claims appended hereto and their equivalents.
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CLAIMS
1. An aircraft fuselage comprising:

a first fuselage section (44), the first fuselage section (44) having a length
with a forward end and an opposite rearward end, a first screw thread (64) on the first
fuselage section (44) adjacent the rearward end, the first screw thread spiraling around
the first fuselage section (44);

a second fuselage section (46), the second fuselage section (46) having a
length with a forward end (86) and an opposite rearward end (88), a second screw
thread (94) on the second fuselage section (46) adjacent the forward end, the second
screw (94) thread spiraling around the second fuselage section (46);

a sleeve (96), the sleeve having a length with a forward end and an
opposite rearward end, screw threading on the sleeve (96), the screw threading on the
sleeve (96) mating with the first screw thread (64) on the first fuselage section (44) and
the screw threading on the sleeve (96) mating with the second screw thread (94) on the
second fuselage section (46), the screw threading on the sleeve (96) securing together
the first and second fuselage sections.

2. The aircraft fuselage of claim 1, further comprising:
the first fuselage section (44) being constructed of composite material,
and,

the second fuselage section (46) being constructed of composite material.

3. The aircraft fuselage of claim 2, further comprising:
the first screw thread (64) on the first fuselage section (44) being
constructed of composite material; and,
the second screw thread (94) on the second fuselage section (46) being

constructed of composite material.

4. The aircraft fuselage of any preceding Claim, further comprising:
the sleeve (96) being constructed of composite material.

5. The aircraft fuselage of any preceding Claim, further comprising:
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the sleeve (96) being constructed of metal.

6. The aircraft fuselage of any preceding claim, further comprising:
the first fuselage section rearward end having a circular rearward edge
(98);
the second fuselage section forward end having a forward edge (86); and,
the first fuselage section rearward edge (58) engaging against the second

fuselage section forward edge (86).

7. The aircraft fuselage of any preceding claim, further comprising:
the first screw thread on the first fuselage section (44) spiraling around the
first fuselage section (44) in a first direction;
the second screw thread on the second fuselage section (46) spiraling
around the second fuselage section (46) in a second direction; and,
the first and second directions being opposite directions.

8. The aircraft fuselage of any preceding claim, further comprising:
the first fuselage section (44) having an interior surface and an opposite
exterior surface, the first screw thread (64) being on the interior surface of the first
fuselage section (44);
the second fuselage section (46) having an interior surface and an
opposite exterior surface, the second screw thread (94) being on the interior surface of
the second fuselage section (46); and,
the sleeve (96) having an interior surface and an opposite exterior
surface, the screw threading on the sleeve (96) being on the sleeve (96) exterior
surface.

9. A method of making an aircraft fuselage comprising:
constructing a cylindrical first fuselage section (44) with the first fuselage
section (44) having a first screw thread (64) that spirals around the first fuselage section
(44);
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constructing a cylindrical second fuselage section (46) with the second
fuselage section (46) having a second screw thread (94) that spirals around the second
fuselage section (46);

securing the first fuselage section (44) to the second fuselage section (46)
with a cylindrical sleeve (96) having screw threading on the sleeve (96) that mates with
the first screw thread on the first fuselage section (44) and mates with the second
screw thread (94) on the second fuselage section (46) and secures together the first

and second fuselage sections.

10.  The method of claim 9, further comprising:
securing the first fuselage section (44) to the second fuselage section (46)
by rotating the sleeve (96) relative to the first fuselage section (44) and to the second
fuselage section (46) while securing the first fuselage section (44) and the second
fuselage section (46) against rotation.

11.  The method of claim 9 or 10, further comprising:
constructing the first fuselage section (44) with the first screw thread (64)
spiraling around the first fuselage section (44) in a first direction; and,
constructing the second fuselage section (46) with the second screw
thread (94) spiraling around the second fuselage section (46) in a second direction, the

second direction being opposite the first direction.

12.  The method of claims 9 to11, further comprising:
constructing the sleeve (96) of a composite material with the sleeve (96) having screw
threading that is complementary to and mates with the first screw thread (64) on the first
fuselage section (44) and the sleeve (96) having screw threading that is

complementary.

20



WO 2015/122939 PCT/US2014/061824

114

SPECIFICATION 14
AND DESIGN
|

MATERIAL |/ 16

PROCUREMENT

I
COMPONENTS

AND L 18

SUBASSEMBLIES

MANUFACTURING
10 —< |

20
INTEGRATION |
|

CERTIFICATION 22
AND DELIVERY

I 24
IN SERVICE |/

I
MAINTENANCE 2
AND SERVICE

FIG. 1




WO 2015/122939

214

PCT/US2014/061824

12 30
\ \ e
Y]

I A —— A
AIRCRAFT | sYSTEMS /
i
28 ~»| AIRFRAME ||| PROPULSION ELECTRIAL
I
32— INTEROR |i[ HYDRAULIC ENVIROMENTAL
i

FIG. 2




WO 2015/122939 PCT/US2014/061824

3/14

FIG. 3



WO 2015/122939 PCT/US2014/061824

4/14

FORWARD




WO 2015/122939 PCT/US2014/061824

5/14

FORWARD

e



WO 2015/122939

6/14

|

PCT/US2014/061824

SEE FIG.7

FIG. 6

64



WO 2015/122939 PCT/US2014/061824

714

FIG.7



WO 2015/122939

8/14
82 | 96
|
/
XX f
SEE FIG. 9 XX

FIG. 8

PCT/US2014/061824



FIG.9

WO 2015/122939 PCT/US2014/061824
9/14
FORWARD
<::| 84
80 \ ]
80 |
78 i
78 :



WO 2015/122939

10/14

96

PCT/US2014/061824

e

44 62

7

58, 86

FIG. 10

92

/

46



WO 2015/122939 PCT/US2014/061824

11/14

FORWARD

FIG. 11




WO 2015/122939 PCT/US2014/061824

12/14

FORWARD



WO 2015/122939 PCT/US2014/061824

13/14

FORWARD

FIG. 13



WO 2015/122939 PCT/US2014/061824

14/14

PRODUCE A FIRST FUSELAGE SECTION WITH A FIRST
SCREW THREAD THAT SPIRALS IN THE FIRST DIRECTION

J

PRODUCE A SECOND FUSELAGE SECTION WITH A FIRST
SCREW THREAD THAT SPIRALS IN THE SECOND DIRECTION

y

PRODUCE A CYLINDRICAL SLEEVE WITH SCREW THREADINGS
THAT MATES WITH THE FIRST SCREW THREAD AND MATES
WITH THE SECOND SCREW THREAD

y

SCREW THE SLEEVE TO THE FIRST FUSELAGE SECTION AND

TO THE SECOND FUSELAGE SECTION SIMULTINOUSELY AND

THEREBY JOIN (ASSEMBLE) THE FIRST FUSELAGE SECTION
AND THE SECOND FUSELAGE SECTION TOGETHER

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/061824

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29C65/56 B64F5/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B64C B64AF A63H F16B B29C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 4 242 960 A (BOEDER DIETER [DE] ET AL)
6 January 1981 (1981-01-06)

column 3, line 63 - column 4, line 54;
figures 3,4

X DE 35 39 506 Al (DIEHL GMBH & CO [DE])

14 May 1987 (1987-05-14)

column 2, lines 40-59; figures

X CN 203 410 624 U (SHANDONG INTELLIGENT
OPTICAL COMM DEV CO LTD)

29 January 2014 (2014-01-29)

figure 1

A EP 0 898 146 A2 (BODENSEEWERK GERAETETECH
[DE]) 24 February 1999 (1999-02-24)
paragraphs [0017] - [0021]; figure 1

_/__

1-6,9,
10,12

1,5-9,11

1-3,6,9

1,9

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 July 2015

Date of mailing of the international search report

10/07/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Vermeulen, Tom

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/061824

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

8 September 1992 (1992-09-08)
column 5, lines 29-44; figures

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2012/186062 Al (VERA VILLARES ENRIQUE 1,9
[ES] ET AL) 26 July 2012 (2012-07-26)
paragraphs [0048] - [0050]; figures 2A-2C
A FR 1 509 221 A (CONTRAVES AG) 1,9
12 January 1968 (1968-01-12)
page 1, paragraph 5; figures
A US 5 145 276 A (DEMANGE CLAUDE [FR]) 1,9

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/061824
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4242960 A 06-01-1981 DE 2756420 Al 19-07-1979
FR 2412049 Al 13-07-1979
GB 2010452 A 27-06-1979
US 4242960 A 06-01-1981

DE 3539506 Al 14-05-1987  NONE

CN 203410624 U 29-01-2014  NONE

EP 0898146 A2 24-02-1999 DE 19735452 Al 04-03-1999
EP 0898146 A2 24-02-1999
US 6098928 A 08-08-2000

US 2012186062 Al 26-07-2012  ES 2376098 Al 09-03-2012
US 2012186062 Al 26-07-2012
WO 2011009983 Al 27-01-2011

FR 1509221 A 12-01-1968 CH 432135 A 15-03-1967
FR 1509221 A 12-01-1968

US 5145276 A 08-09-1992 CA 2031807 Al 28-06-1991
DE 69003662 D1 04-11-1993
DE 69003662 T2 17-02-1994
EP 0435712 Al 03-07-1991
FR 2656391 Al 28-06-1991
US 5145276 A 08-09-1992

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report

