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(57) Abrege/Abstract:
A splice comprises a strap to bridge a first panel and a second panel, the strap comprising a top surface, a bottom surface, a first

side, and a second side opposite the first side. The top surface defines a flat middle region, a flat first tapered region extending from
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(57) Abrege(suite)/Abstract(continued):

proximate the middle region to proximate the first side, and a flat second tapered region extending from the middle region to
proximate the second side. A first fitting Is associated with the first stringer, the first fiting comprising a first tapered section
contacting at least a portion of the first tapered region of the strap and extending from proximate the middle region to proximate the
first side of the strap and a first flat section extending beyond the first side of the strap. A second fitting Is associated with the
second stringer, the second fitting comprising a second tapered section contacting at least a portion of the second tapered regior
of the strap and extending from proximate the middle region to proximate the second side of the strap and a second flat sectior
extending beyond the second side of the strap, wherein the first fitting and the second fitting are spaced apart by the middle regior
of the strap.
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ABSTRACT

A splice comprises a strap to bridge a first panel and a second panel, the strap
comprising a top surface, a bottom surface, a first side, and a second side opposite the
first side. The top surface defines a flat middle region, a flat first tapered region
extending from proximate the middle region to proximate the first side, and a flat
second tapered region extending from the middle region to proximate the second side.
A first fitting 1s associated with the first stringer, the first fitting comprising a first
tapered section contacting at least a portion of the first tapered region of the strap and
extending from proximate the middle region to proximate the first side of the strap and
a first flat section extending beyond the first side of the strap. A second fitting 1s
associated with the second stringer, the second fitting comprising a second tapered
section contacting at least a portion of the second tapered region of the strap and
extending from proximate the middle region to proximate the second side of the strap
and a second flat section extending beyond the second side of the strap, wherein the

first fitting and the second fitting are spaced apart by the middle region of the strap.
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CIRCUMFERENCE SPLICE FOR JOINING SHELL STRUCTURES

FIELD

The present disclosure generally relates to the joining of shell structures and, more

particularly, to a splice joint for joining together adjacent sections ot a shell structure, such as

fuselage sections of an aircraft.

BACKGROUND

The primary structural elements of large aircrafts are typically made from metal or
composite materials. For example, the fuselage shells of such aircraft may typically be

manufactured from high-strength aluminum alloys or fiber-reinforced resin materials that

have relatively high strength-to-weight ratios.

An aircraft may include two or more fuselage, 1.e., shell, sections, which are bridged
and fastened together circumferentially at a splice joint to interconnect the fuselage sections
and form the complete fuselage structure. To precisely install the integration joints, the
fuselage sections are aligned and attachment holes are drilled through the connecting splice
plates and the underlying shell structure. For example, adjacent fuselage sections may be
joined by a splice consisting of a frame or bulkhead that is positioned in the interior of the
fuselage and bridges between adjacent fuselage section stringers. A plurality of fittings
extend through the frame and facilitate the continuity of the fuselage sections. As another
example, adjacent fuselage sections may be integrated together by the splice plate and a

plurality of splice fittings attached between a pair of adjacent fuselage sections to bridge the

interface between the adjacent fuselage sections. Generally the splice plate 1s flat and forms a

flat splice chord that extends across the splice joint. Depending upon the type of splice joint,

the assembly may require a plurality of mouse holes disposed in the frame or bulkhead

through which extend the splice fittings.

Typically, a splice fitting may be formed of a metallic matenal, such as titamum.
Since titanium is a relatively expensive material, the material and manufacturing costs
associated with a titanium splice fitting may increase the costs associated with production ot
the aircraft. Additionally, fuselage sections may splice together by a plurality of fasteners

that extend through the frame to connect the frame to the fuselage sections and a plurality of
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fasteners that extend through the splice fittings to connect the fittings to the fuselage sections.
In order to install the fasteners, a plurality of attachment holes must be drilled through the
splice for receiving the fasteners. A disadvantage of such an assembly process is that the
drilling of holes through a dissimilar material stack that contain titanium splice fittings takes
a significant amount of time, thereby increasing the time required to assemble the fuselage
sections as well as the labor costs associated with such assembly. Furthermore, the holes
drilled through a splice fitting made of titanium or other metallic material generally require
the parts to be separated and deburred, thereby further adding to the time and costs associated
with the assembly of the fuselage. Another disadvantage of such an assembly process is that
shims may be required to align the fuselage section and fit the splice fittings along the joint

interface, thereby adding even more time and cost.

Accordingly, those skilled in the art continue with research and development efforts

in the field of joining shell structures, particularly in the field of aircraft assembly.

SUMMARY

In one embodiment, the disclosed shell structure splice may include a first panel
having a first edge, a strap attached to the first panel and extending beyond the first edge, the
strap having a first tapered region, and a first fitting having a tapered section and a flat
section, the tapered section being attached to the first tapered region of the strap. A frame is

optionally connected to the strap.

In another embodiment, the disclosed shell structure splice may include a first panel
having a first edge, a second panel having a second edge, the second edge being positioned in

edgewise alignment with the first edge to form a splice joint, a strap bridging the splice joint
and attached to the first panel and the second panel, the strap having a first tapered region and

a second tapered region, a first fitting having a tapered section and a flat section, the tapered
section being attached to the first tapered region of the strap, and a second fitting having a

tapered section and a flat section, the tapered section being attached to the second tapered

region of the strap.

In another embodiment, the disclosed splice for joining adjacent panels of a shell
structure may include a strap having a first side, a second side, a generally flat middle region,
a first tapered region extending downwardly proximate the middle region to proximate the

first side, and a second tapered region extending downwardly proximate the middle region to
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proximate the second side, a first fitting having a tapered section and a flat section, the
tapered section being attached to the first tapered region of the strap, and a second fitting
having a tapered section and a flat section, the tapered section being attached to the second
tapered region of the strap. A Z-section or a C-section frame may be attached to the middle

flat section of the splice strap.

In another embodiment, disclosed is a method of joining a shell structure, the method
may include the steps ot: (1) providing a first panel of the shell structure having a first edge,
(2) providing a strap having a first tapered region and a second tapered region, (3) positioning
the strap adjacent to the first edge such that the first tapered region is adjacent to the first
panel and the second tapered region extends outwardly from the first edge, (4) attaching the
strap to the first panel, (5) providing a first fitting having a tapered section and a flat section,
(6) positioning the first fitting such that the tapered section is adjacent to the first tapered
region of the strap and the flat section is adjacent to the first panel, (7) attaching the first
fitting to the strap, and (8) attaching the first fitting to the first panel.

In yet another embodiment, disclosed is a method of joining a shell structure, the
method may include the steps of: (1) providing a first panel of the shell structure having a
first edge, (2) providing a strap having a first tapered region and a second tapered region, (3)
positioning the strap adjacent to the first edge such that the first tapered region is adjacent to
the first panel and the second tapered region extends outwardly from the first edge, (4)
attaching the strap to the first panel, (5) providing a first fitting having a tapered section and a
tlat section, (6) positioning the first fitting such that the tapered section is adjacent to the first
tapered region ot the strap and the flat section is adjacent to the first panel, (7) attaching the
first fitting to the strap, (8) attaching the first fitting to the first panel, (9) providing a second
panel of the shell structure having a second edge, (10) positioning the second panel adjacent
to the first panel such that the first and second edges are in edgewise alignment forming a
splice joint and the second tapered section is adjacent to the second panel and the strap
bridges the splice joint, (11) attaching the strap to the second panel, (12) providing a second
fitting having a tapered section and a flat section, (13) positioning the second fitting such that

the tapered section 1s adjacent to the second tapered region of the strap and the flat section is

adjacent to the second panel, (14) attaching the second fitting to the strap, and (15) attaching

the second fitting to the second panel.
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said second stringer, said second fitting comprising a second tapered section contacting at
least a portion of said second tapered region of said strap and extending from proximate said
middle region to proximate said second side of said strap and a second flat section
extending beyond said second side of said strap, wherein said first fitting and said second

fitting are spaced apart by said middle region of said strap.

In yet another embodiment, disclosed 1s a method of joining a shell structure, said
method comprising the steps of: positioning a first panel comprising a first stringer and a
second panel comprising a second stringer of said shell structure in edgewise alignment to
form a splice joint; positioning a strap between said first stringer and said second stringer
bridging said splice joint, said strap comprising a top surface opposite said first panel and
said second panel, a flat bottom surface contacting said first panel and said second panel, a
first side, and a second side opposite said first side, said top surface defining a flat middie
region disposed over said splice joint, a first tapered region extending from proximate said
middle region to proximate said first side, and a second tapered region extending from
proximate said middle region to proximate said second side; connecting said strap to said
first panel and said second panel; positioning a first fitting relative to said first stringer and
said strap, said first fitting comprising a first flat section and a first tapered section;
connecting said first tapered section of said first fitting to said first tapered region of said
strap; connecting said first flat section of said first fitting to at least one of said first panel
and said first stringer; positioning a second fitting relative to said second stringer and said
strap, said second fitting comprising a second flat section and a second tapered section;
connecting said second tapered section of said second fitting to said second tapered region

of said strap; and connecting said second flat section of said second fitting to at least one of
said second panel and said second stringer, wherein said first fitting and said second fitting

are spaced apart by said middle region of said strap.

In yet another embodiment, disclosed 1s a shell structure splice comprising: a first
panel comprising a first edge and a first stringer spaced away from the first edge; a second
panel comprising a second edge and a second stringer spaced away from the second edge,
said second edge positioned in edgewise alignment with said first edge of said first panel to
form a splice joint; a strap attached to said first panel and said second panel, such that said

strap bridges said splice joint, said strap comprising a top surface, a flat bottom surface, a
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first side and a second side, wherein said flat bottom surface contacts said first panel and
said second panel and wherein said top surface comprises a flat middle region, a first
tapered region extending downwardly from proximate said middle region to proximate said
first side, and a second tapered region extending downwardly from proximate said middle
region to proximate said second side; a first fitting comprising a first tapered section and a
first flat section, said first tapered section attached to said first tapered region of said strap,
and said first flat section extending beyond said first side of said strap and attached to said
first panel; and a second fitting comprising a second tapered section and a second flat
section, said second tapered section attached to second tapered region of said strap, and said
second flat section extending beyond said second side of said strap and attached to said

second panel.

In yet another embodiment, disclosed 1s a method of joining a shell structure, said
method comprising the steps of: providing a first panel comprising a first stringer and a
second panel comprising a second stringer of said shell structure in edgewise alignment to
form a splice joint; providing a strap to bridge said splice joint, said strap comprising a top
surface, a flat bottom surface, a first side and a second side, wherein said flat bottom surface
contacts said first panel and said second panel, and wherein said top surface comprises a flat
middle region, a first tapered region extending from proximate said middie region to
proximate said first side, and a second tapered region extending from proximate said middle
region to proximate said second side; attaching said strap to said first panel and said second
panel; positioning a first fitting comprising a first tapered section and a first flat section such
that said first tapered section is adjacent said first tapered region of said strap and said first
flat section extends beyond said first side of said strap and 1s adjacent said first panel;
attaching said first tapered section of said first fitting to said first tapered region of said
strap; attaching said first flat section of said first fitting to said first panel; positioning a
second fitting comprising a second tapered section and a second flat section such that said
second tapered section is adjacent said second tapered region of said strap and said second
flat section extends beyond said second side of said strap and 1s adjacent said second panel;
attaching said second tapered section of said second fitting to said second tapered region of

said strap; and attaching said second flat section of said second fitting to said second panel.

_4b—
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an aircraft assembled in accordance with the present

disclosure;

Fig. 2 is an exploded perspective view of a plurality of fuselage sections of the

aircraft ot Fig. 1;

Fig. 3 is a partial perspective view of a splice joint between adjacent fuselage

sections of the aircraft of Fig. 1;
Fig. 4 1s a partial perspective view of single splice of the splice joint of Fig. 3;
Fig. 5 is a partially exploded side perspective view of the splice of Fig. 4;
Fig. 6 is a partially exploded top perspective view of the splice of Fig. 4;
Fig. 7 1s a top view of the splice of Fig. 4;
Fig. 8 1s a side view of the splice of Fig. 4;
Fig. 9 is a partial exploded perspective view of the splice; and
Fig. 10 is a cross section view of a splice plate of the disclosed splice.

DETAILED DESCRIPTION

The following detailed description refers to the accompanying drawings, which
1llustrate specific embodiments of the disclosure. Other embodiments having different
structures and operations do not depart from the scope of the present disclosure. Like
reference numerals may refer to the same element or component in the difterent drawings.

Referring to Figs. 1 and 2, an aircraft 100 may include a fuselage 102 having a
plurality of fuselage sections 104 (1dentified individually as fuselage sections 104a-¢). The

—4c —
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fuselage sections 104 may be joined together by a plurality of corresponding splice joints 106
(1dentified individually as splice joints 106a-e).

Each tuselage section 104 may include a composite skin 108 extending three hundred
sixty degrees (360°) around a longitudinal axis A of the fuselage 102. Throughout this
disclosure, the term "fuselage section” is used for convenience to refer to any shell structure
extending three hundred sixty degrees (360°) around an axis. It can be appreciated by one
skilled in the art that a fuselage section 104 may not be limited to generally cylindrical
structures, but may include structures having circular, elliptical, oval, egg-shaped, rectilinear,
tapered, or other cross-sectional shapes. In addition, one skilled in the art can appreciate that
the fuselage sections 104 may be one-piece sections in which the skins 108 are one-piece
skins extending continuously for three hundred sixty degrees (360°) around the axis or can be
formed from two or more skin segments joined together to form the full three hundred sixty

degree (360°) fuselage section 104.

The ftuselage 102 may further include a passenger cabin configured to hold a plurality
ot passenger seats. Each fuselage section 104 may also include a plurality of window cutouts
(not shown) to provide the passengers seated in the passenger cabin with views out of the

aircraft 100. The fuselage 102 may also include passenger doors, cargo doors, antennae and

the like.

Reterring to Fig. 3, a splice, generally designated 10, may bridge between and
structurally join a pair of adjacently positioned fuselage sections 104 defining the splice joint
106 therebetween. This view 1s looking outwardly at a portion of a splice joint 106 from
within the fuselage 102. The splices 10 may be generally located at opposed ends of the
tuselage sections 104. The splice 10 may be positioned interior of the fuselage sections 104
to integrate the ﬁJS‘elage sections 104 and provide strength and stability to the resulting
tuselage 102. Although only a portion of the circumferentially extending splice 10 1s
tllustrated 1n FIG. 3, the splice may extend about the entire inner circumference of the

fuselage sections 104 or may extend about only one or more portions thereof.

Each fuselage section 104 may include a panel 110 (1dentified individually as a first
panel 110a and a second panel 110b). A first fuselage section 104a may include a first panel
110a and a second fuselage section 104b may include a second panel 110b positioned in

edgewise alignment with the first panel 110a. In one embodiment, the panels 110 may be at
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least generally similar in structure and function to known panel portions of aircraft fuselage
sections. For example, the panel 110 may include a plurality of stiffeners or stringers 114
attached to the skin 108. The skin 108 may be attached to and covers the plurality of

stringers 114 to form the exterior surface of the fuselage section 104.

Referring to Figs. 4-8, each stringer 114 may include a raised portion 116 projecting
away from the skin 108 and a plurality of flange portions 118 attached directly to the skin
108. In the illustrated embodiment, the stringers 114 may have generally “U”-shaped cross-
sections. However, it can be appreciated by one skilled in the art that the stringers 114 may
have other cross-sectional shapes, including "L" shapes, "C" shapes, inverted "T" shapes, "I"
shapes, etc. In yet other embodiments, the panels 110 may include other features; such as

support members or offsets mated to the flange portions 118 of the stringers 114.

The stringers 114 may be positioned on the skin 108 so that the flange portion 118 of
one stringer 114 is aligned with a corresponding flange portion 118 of an adjacent stringer
114. By aligning the flange portions 118 in such a manner, the flange portions 118 may form
a plurality of at least approximately continuous support surfaces extending between the raised
portions 116 of the stringers 114. In another embodiment, as illustrated, the stringers 114
may be spaced apart on the skin 108 so that the flange portion 118 of one stringer 114 1s
circumferentially offset (or otherwise spaced apart) from a corresponding tlange portion 118

of an adjacent stringer 114.

Referring next to Figs. 4-8, which depict a segment of the splice joint 106 to more
clearly illustrate the disclosed splice 10. The splice 10 may include a strap 12 that extends at
least partially circumferentially about the splice joint 106 of the fuselage sections 104. The
strap 12 may have a width, as defined in the longitudinal direction of the fuselage 102, which

is sufficient to bridge across and overlie portions of both of the adjacent fuselage sections

104.

The strap 12 may include a bottom surface 14 to contact the skin 108 of the adjacent
panels 110. The bottom surface 14 may be curved and the curvature ot the bottom surface

may correspond to the curvature of the fuselage 102 (Fig. 2). A flat bottom surface 14 1s also

contemplated.

Opposing sides 16 (identified individually in Figs. 4 and 5 as first side 16a and second
side 16b) of the strap 12 may extend away from the splice joint 106 and may be attached to
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an edge 120 (1dentified individually in Figs. 4 and 5 as first edge 120a and second edge 120b)
of the skin 108. A top surface 18 of the splice strap 12 may include a generally flat middle
region 20 and opposing downwardly tapered regions 22 (identified individually in Figs. 4-6
as first tapered region 22a and second tapered region 22b) extending from proximate (i.e., at
or near) the middle region 20 to proximate the sides 16. As illustrated, in one embodiment,
the splice strap 12 may have a generally 1sosceles trapezoid cross sectional shape; however, it
can be appreciated by one skilled in the art that the strap 12 may have other generally

trapezoidal shapes or other polygonal shapes.

As will be described 1n more detail herein, in one embodiment, the strap 12 may be
formed of a composite material, such as a carbon-fiber-reinforced polymer (CFRP), a
composite fiber reintforced polymer, a graphite-epoxy, or similar matenial, so as to provide the
strength and stability required to structurally join the adjacent fuselage sections 104 while
reducing the material costs, weight, and drilling and assembly time relative to more
conventional splices that utilize metal sphice parts. In other embodiments, the strap 12 may

include other matenals, including metallic maternials such as aluminum, titanium, steel, etc.

The strap 12 may be attached proximate the first edge 120a of the skin 108 of the first
panel 110a and proximate the second edge 120b of the skin 108 of the second panel 110b to
splice the panels 110 together. The strap 12 may extend continuously, or at least
approximately continuously, around the splice joint 106. Alternatively, the strap 12 may be
segmented around the splice joint 106; for example, the splice joint 106 may include a
plurality of segments of the strap 12. The strap 12 may be attached to an inner side of the
respective skins 108 to maintain a smooth, aerodynamic surtace on the exterior of the
fuselage 102. The strap 12 may be attached to the skins 108 by a plurality of fasteners
extending through the strap 12 and the skins 108. Alternatively, the strap 12 may be bonded
to the skins 108 or bonded and fastened to the skins 108.

The strap 12 may be at least approximately as thick as the skins 108, but thicker than
adjacent flange portions 118 of the stringers 114. In one embodiment, as 1llustrated, stringers
114 do not extend completely to the edge 120 the skin 108 and the sides 16 of the strap 12
may extend proximate the terminal end of the stringers 114. In other embodiments, the
stringers 114 may extend to and terminate at the edge 120 of the skin 108. If needed to avoid
a step between adjacent surfaces, shim pads or fillers (not shown) may be positioned on the

tlange portions 118 adjacent to the strap 12. The fillers may include composite materials,
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metallic materials, or similar materials. In other embodiments, the strap 12, the skins 108, and
the flange portions 118 may have other relative thicknesses such that fillers may not be

needed.

The splice 10 may also include a plurality of splice fittings 24 (identitied individually
as a first fitting 24a and a second fitting 24b) that are disposed upon the strap 12 and that
extend in a longitudinal direction away from the splice joint 106. Each fitting 24 may include
a first end 26, a second end 28, and longitudinal sides 30. A base 32 of the fitting 24 may
include an upwardly tapered section 34 extending proximate the first end 26 and a generally
flat section 36 extending proximate the tapered section 34 to proximate the second end 28.
The fittings 24 may be formed of a composite material, such as carbon fiber reinforced plastic
or similar material, such as the same composite that forms the strap 12. Alternatively, the

fittings 24 may be formed from a metal or metal alloy.

In the illustrated embodiment, the upwardly tapered section 34 of the fitting 24 may
include a correspondingly complimentary (i.e., opposing) upward angle relative the angle of
the downwardly tapered region 22 of the strap 12, such that the tapered section 34 of the
bottom surface 32 may make flush contact with the tapered region 22 of the strap top surtace
18. The tapered section 34 may have a width, as defined in the longitudinal direction of the
fuselage 102, which is sufficient to extend across and overlie the tapered region 22 the strap
12. The flat section 36 of the fitting 24 may extend beyond the side 16 of the strap 12 so as
to overlie the skin 108 of the panel 110. A fitting 24 may be attached to the both tapered
regions 22 of the strap 12, such that a pair of fittings 24 extends longitudinally beyond the
opposed sides 16 of the strap 12 away from the splice joint 106 so as to overlie the adjacent

fuselage sections 104.

As shown in the illustrated embodiment, each fitting 24 may include a first
longitudinal member 38 and a second longitudinal member 40 that extend beyond the sides
16 of the strap 12. Generally the longitudinal members 38, 40 may define the flat section 36
of the fitting 24. The longitudinally extending members 38, 40 may be configured to overlie

and receive at least a portion of the stringer 114 of a respective panel 110.

For example, in one embodiment, each fitting 24 may be generally “U”-shaped such
that each longitudinal member 38, 40 may be spaced apart from one another and overlie a

respective stringer 114. The fittings 24 of this embodiment may include the tapered section
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34 that extends across the width of the tapered region 22 of the strap 12 and the longitudinal
members 38, 40 that extend outwardly from the tapered section 34 beyond the side 16 of the
strap 12. However, the tapered section 34 of the fitting 24 may have other widths relative to
the tapered region 22 of the strap 12 and as such, the tapered section 22 of the fitting 12 may
not need to extend across the entire width of the tapered region 22 of the strap 12.
Alternatively, the tapered section 34 of the fitting 24 may extend beyond the tapered region
22 of the strap 12 in other embodiments.

In other embodiments, the flat section 36 of the fitting 24 may include a single
longitudinal member that extends beyond the side 16 of the strap 12. In such an embodiment,
the flat section 36 may be suitably sized, i.e. the distance between longitudinal sides 30, to fit

between the raised portions 116 of adjacent stringers 114.

The splice 10 may include a plurality of fittings 24 overlying ditterent
circumferentially spaced portions of the strap 12. The plurality of fittings 24 may be spaced
apart from one another in a circumferential direction such that a portion of the strap 12 may
not be covered by a fitting 24 and may be exposed or visible between neighboring, 1.€.,
adjacent, fittings 24. As such, the strap 12 may be visually inspected to confirm that the strap
12 remains properly secured to the skin 108 of the fuselage sections 104. Alternatively, the
plurality of fittings 24 may be abutted against one another in a circumferential direction such

that the entire strap 12 may be covered by fittings 24.

In the illustrated embodiment, each fitting 24 may have a channel or "U”-shaped cross
section that includes the base 32, formed of the tapered section 34 and the flat section 36, and
opposing upstanding edges 42 (identified individually as a first upstanding edge 42a and a
second upstanding edge 42b). A first upstanding edge 42a being positioned toward a first
longitudinal side 30a and a second upstanding edge 42b being positioned toward a second
longitudinal side 30b. In other embodiments, the fittings 24 may have other cross-sectional

shapes, including "C" shapes, "L" shapes, inverted "Pi" shapes, and flat shapes.

The upstanding edges 42 may add stiffness to the fittings 24 and may be positioned
proximate to the raised portions 116 of the stringers 114 depending upon the dimensions of
the flat section 36 of the fitting 24 and the spaced apart distance of the stringers 114. The
upstanding edges 42 may increase the stability of the splice joint 106, especially under

compression loads.
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If a segmented strap 12 1s used, then the fittings 24 may also be used as splice plates
for adjacent strap segments. An advantage of the disclosed splice joint 106 1s that the ends ot
the stringers 114 are left open, which enables moisture caused by condensation and other

sources to escape the stringers 114 for sutficient drainage.

Yet another advantage of the disclosed splice 10 is that the raised portions 116 of
opposing stringers 114 are not spliced together across the splice joint 106, which may make
the fittings 24 relatively easy to install because the raised portions 116 do not have to be in
perfect alignment. Additionally, the ability to shift or adjust the posttion of the fitting 24
along both sides 16 of the strap 12 allows the longitudinal members 38, 40 to receive the
raised portion 116 of the stringer 114 1f not pertectly aligned with an opposing stringer 114.

The splice 10 may optionally include a frame 44 that extends circumferentially about
at least a portion of the splice joint 106 between adjacent fuselage sections 104. The frame
44 may be generally positioned to overlie the middle region 20 of the strap 12 between
longitudinally opposed fittings 24. In the illustrated embodiment, the frame 44 may have a
generally “Z” shape configured to have an upturned lower tlange 46 to be tastened to the
strap 12. The lower flange 46 may be segmented into a plurality ot feet, which may be
fastened to the strap 12, as illustrated in Fig. 3. The frame 44 may also include a downturned
upper flange 48 to be fastened to an exterior of the inner cabin walls of the fuselage 102. The
upper flange 48 may be segmented into feet in a similar manner as described for the lower
flange 46. While a Z-shaped frame 44 is shown, those skilled in the art will appreciate that
any suitable frame may be used, such as a C-shaped frame, an I-shaped frame, a J-shaped

frame or the like.

The frame 44 may also be formed of a composite material, such as CFRP or similar
material, such as the same composite that forms the strap 12 or the fittings 24. Alternatively,

the frame 44 may be formed of a metallic or other material, such as aluminum or titanium.

Although the disclosed splice 10 is illustrated as being built up from a number of
separate parts (e.g., the strap 12, the fittings 24, the frame 44), in other embodiments, two or

more of these parts may be integrated into a single part that performs the function or has the

features of the two or more parts.

Referring next to Fig. 9, a benefit of the disclosed splice 10 is the contemplated

elimination of the need for metal components, such as titantum metal components, in the
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splice joint 106 and the significant reduction (if not complete elimination) of the need for
shims or non-conformance tags during assembly of the fuselage 102. Another benefit of the
disclosed splice 10 is the significant reduction in manufacturing flow times of fuselage 102
assembly contemplated by installing, 1.e., fastening, the splice strap 12 and a portion of the
plurality of splice fittings 24a to the first fuselage section 104a prior to integration of the
adjacent second fuselage section 104b and corresponding portion of the plurality of
longitudinally opposed splice fittings 24b. Optionally, the frame 44 may also be installed

prior to integration of the second fuselage section 104b.

As best illustrated 1n Figs. 4, 6, and 8, the interface between the tapered region 22 of
the strap 12 and the tapered sections 34 of the fittings 24 allow for the fittings 24 to be
fastened to the strap 12 and the panel 110 without the requirement of shimming and allows
for location allowances between the adjacent fuselage sections 104 and fittings 24. For
example, during installation of the fittings 24, each fitting 24 may be shifted longitudinally
forward or rearward, 1.e., fore and aft, relative to the strap 12 to account for varying
thicknesses and termination locations of flange portions 118 of the stringers 114 to provide
for a shimless splice joint 106. The opposing tapered surfaces of the strap 12 and the fittings
24 may also minimize centroid shifting throughout the splice joint 106, which may reduce out
of plane loads along the splice joint 106. Additionally, the tapered interface may also lessen
load transfer at the fasteners and more evenly transfer load forces between the splice

members, i.e., the strap 12, the fittings 24, and butt joined fuselage sections 104.

Referring to Fig. 10, the splice strap 12 may be formed through composite ply
dropping to internally achieve the tapered regions 22 without the requirement ot post

formation machining. The splice fittings 24 may also be formed through composite ply
dropping to internally achieve the tapered section 34 without the requirement of post
formation machining. The strap 12 and the fittings 24 may include an internal tapered
structure 50 surrounded by a plurality of fiber layers and a cured resin, 1.e., composite ply 52,
to form a composite structure. For example, the strap 12 may include an exterior continuous

fiber zone and an internal tapered fiber zone. A plurality of plies may laid up to form a lower
continuous fiber zone. Another plurality of plies may be laid up within a perimeter border of
the lower continuous fiber zone to form the tapered fiber zone or tapered structure 50.
Alternatively, the tapered structure 50 may be formed from alternate materials. Another

plurality of plies may be laid up over the tapered fiber zone to form an upper continuous fiber
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zone. The plies 52 may be pre-impregnated composite layers. The splice fittings 24 may be

formed through a substantially stmilar process to form the tapered section 34 of the base 32.

One advantage of using composite maternials instead of metals 1s that the strap 12,
fittings 24, and the underlying panels 110 (e.g., the skins 108 and stringers 114) may have at
least generally similar coefficients of thermal expansion. As a result, temperature fluctuations
experienced during operation of the aircraft 100 may not cause disparate thermal expansion
between the splice 10 and the underlying panels 110, which may not induce significant
stresses in the splice joint 106. Another advantage of using composite materials 1s the

elimination of the need for disstmilar material i1solation.

It can be appreciated by one skilled in the art that in addition to composites and metal
materials, in yet other embodiments, the panels 110, the strap 12, and the fittings 24, and
combinations thereof, may include other materials, including hybrid matenals such as
fiber/metal laminates, including fiberglass/aluminum laminates and titantum reinforced

graphite laminates (T1/Gr).

The splice 10 may includes a plurality of fasteners that join the components ot the
splice 10 to one another and to the fuselage sections 104. Various fastener patterns for which
the fasteners may be installed in order to connect the splice 10 to the fuselage sections 102
may be utilized and have not been 1llustrated. The fasteners may extend through the strap 12;
the frame, such as about the lower flange 46; and the fittings 24, such as both the tapered
section 34 and the longitudinally extending members 38, 40 of the tlat section 36 so as to

connect the components to one another and to the fuselage sections 104.

In order to install the plurality of fasteners, a plurality of holes must be formed, such
as by drilling, in the various components of the splice 10 so as to receive respective fasteners.
Since a number of the holes, and in certain embodiments a majority of the holes, may be
formed through components, e.g., the strap 12, the fittings 24, and optionally the frame 44,
that are formed of a composite material, such as CFRP, the holes may be formed more
rapidly and efficiently than the formation of comparable holes through titanium or other
metal components. Additionally, the holes that are formed through the composite
components of a splicel0 may be formed even more etficiently and cost eftectively than
comparable holes formed through comparable metal or titanium components since the

components of the splice 10 need not be separated and deburred.
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Another advantage of the disclosed splice 10 1s that the components may be fastened
with titanium fasteners, as opposed to Inconel® or other steel fasteners, since composite
components may not be as sensitive to fatigue load in the same manner as comparable metal
parts. As such, the composite components generally do not require the high level ot clamp-

up forces required by metal parts that utilize Inconel® or other steel fasteners.

Although various embodiments of the disclosed splice joint have been shown and
described, modifications may occur to those skilled in the art upon reading the specification.
The present application includes such modifications and is limited only by the scope of the

claims.

According to an aspect of the present disclosure there is provided a splice for joining
adjacent panels of a shell structure comprising: a strap comprising a first side, a second side,
a generally flat middle region, a first tapered region extending downwardly proximate said
middle region to proximate said first side, and a second tapered region extending downwardly
proximate said middle region to proximate said second side; a first fitting comprising a
tapered section and a flat section, said tapered section attached to said first tapered region ot
said strap; and, a second fitting comprising a tapered section and a flat section, said tapered
section attached to said second tapered region of said strap. Advantageously the splice
further comprises a frame attached to said middie region of said strap. Advantageously the
splice comprises a composite material. Advantageously, the strap further comprises a

tapered internal structure surrounded by a carbon fiber reinforced plastic.
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What is claimed is:

1. A shell structure splice comprising:

a first panel comprising a first edge;

a second panel comprising a second edge, said second edge positioned in
edgewise alignment with said first edge of said first panel to form a splice joint;

a first stringer connected to said first panel and spaced away from said first edge
of said first panel;

a second stringer connected to said second panel and spaced away from said
second edge of said second panel;

a strap connected to said first panel and said second panel bridging said splice
joint, said strap comprising a top surtace opposite said first panel and said second
panel, a flat bottom surface contacting said first panel and said second panel, a first
side, and a second side opposite said first side, said top surface defining a flat middle
region disposed over said splice joint, a first tapered region extending from proximate
said middle region to proximate said first side, and a second tapered region extending
from proximate said middle region to proximate said second side;

a first fitting comprising a first flat section connected to said first stringer and
extending to proximate said first side of said strap and a first tapered section extending
from proximate said first side to proximate said middle region of said strap and
connected to said first tapered region of said strap; and

a second fitting comprising a second flat section connected to said second
stringer and extending to proximate said second side of said strap and a second tapered
section extending from proximate said second side to proximate said middle region of
said strap and connected to said second tapered region of said strap,

wherein said first fitting and said second fitting are spaced apart by said middle

region of said strap.
2. The splice of claim 1 wherein at least a portion of said first tapered region of

said strap 1s positioned between said first tapered section of said first fitting and said

first panel.
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3. The splice of claim 1 or 2 wherein at least a portion of said second tapered
region of said strap 1s positioned between said second tapered section of said second

fitting and said second panel.

4. The splice of any one of claims 1 to 3 wherein said first panel and said second

panel are fuselage sections of an aircraft.

5. The splice of any one of claims 1 to 4 wherein said first tapered region slopes
downwardly from said middle region to said first side, and wherein said second tapered

region slopes downwardly from said middle region to said second side.

6. The splice of any one of claims 1 to 5 wherein said first flat section of said first
fitting 1s attached to said first panel and said second flat section of said second fitting is

attached to said second panel.

7. The splice of any one of claims 1 to 6 wherein said first flat section of said first
fitting and said second flat section of said second fitting each comprises a first
longitudinal member and a spaced apart second longitudinal member, wherein a portion
of said first stringer fits between said first longitudinal member and said second
longitudinal member of said first flat section, and wherein a portion of said second
stringer fits between said first longitudinal member and said second longitudinal

member of said second flat section.

8. The splice of any one of claims 1 to 7 wherein said strap comprises a composite
material.
9. The splice of claim 8 wherein said strap further comprises a tapered internal

structure surrounded by a carbon fiber reinforced plastic.

10.  The splice of any one of claims 1 to 9 further comprising a frame attached to
said middle region of said strap and disposed between said first fitting and said second

fitting.
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11. A splice for joining a shell structure comprising a first panel, a first stringer
connected to said first panel, a second panel aligned with said first panel, and a second
stringer connected to said second panel and aligned with said first stringer, said splice
comprising:

a strap to bridge said first panel and said second panel, said strap comprising a
top surtace, a bottom surface, a first side, and a second side opposite said first side, said
top surtace defining a flat middle region, a flat first tapered region extending from
proximate said middle region to proximate said first side, and a flat second tapered
region extending from said middle region to proximate said second side;

a first fitting associated with said first stringer, said first fitting comprising a
first tapered section contacting at least a portion of said first tapered region of said strap
and extending from proximate said middle region to proximate said first side of said
strap and a first flat section extending beyond said first side of said strap; and

a second fitting associated with said second stringer, said second fitting
comprising a second tapered section contacting at least a portion of said second tapered
region ot said strap and extending from proximate said middle region to proximate said
second side of said strap and a second flat section extending beyond said second side of
said strap,

wherein said first fitting and said second fitting are spaced apart by said middle

region of said strap.

12.  The splice of claim 11 further comprising a frame contacting said middle region

of said strap and disposed between said first fitting and said second fitting.

13. The splice of claim 11 or 12 wherein said strap comprises a composite material.

14.  The splice of claim 13 wherein said strap further comprises a tapered internal

structure surrounded by a carbon fiber reinforced plastic.

»

15. A method of joining a shell structure, said method comprising the steps of’
positioning a first panel comprising a first stringer and a second panel
comprising a second stringer of said shell structure in edgewise alignment to form a

splice joint;
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positioning a strap between said first stringer and said second stringer bridging
said splice joint, said strap comprising a top surface opposite said first panel and said
second panel, a tlat bottom surface contacting said first panel and said second panel, a
first side, and a second side opposite said first side, said top surface defining a flat
middle region disposed over said splice joint, a first tapered region extending from
proximate said middle region to proximate said first side, and a second tapered region
extending from proximate said middle region to proximate said second side;

connecting said strap to said first panel and said second panel;

positioning a first fitting relative to said first stringer and said strap, said first
fitting comprising a first flat section and a first tapered section;

connecting said first tapered section of said first fitting to said first tapered
region of said strap;

connecting said first flat section of said first fitting to at least one of said first
panel and said first stringer;

positioning a second fitting relative to said second stringer and said strap, said
second fitting comprising a second flat section and a second tapered section;

connecting said second tapered section of said second fitting to said second
tapered region of said strap; and

connecting said second flat section of said second fitting to at least one of said
second panel and said second stringer,

wherein said first fitting and said second fitting are spaced apart by said middle

region of said strap.

16.  The method of claim 15 wherein positioning said first fitting relative to said
first stringer and said first strap comprises:

contacting said first flat section of said first fitting and said first stringer, said
first flat section extending to proximate said first side of said strap; and

contacting said first tapered section and at least a portion of said first tapered
region of said strap, said first tapered section extending from proximate said first side
to proximate said middle region of said strap, and

wherein positioning said second fitting relative to said second stringer and said

first strap comprises:
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contacting said second flat section of said second fitting and said second
stringer, said second flat section extending to proximate said second side of said strap;
and

contacting said second tapered section and at least a portion of said
second tapered region of said strap, said second tapered section extending from

proximate said second side to proximate said middle region of said strap.

17.  The method of claim 15 or 16 further comprising the steps of:
positioning a frame on said middle region of said strap between said first fitting
and said second fitting; and

connecting said frame to said middle region of said strap.

18.  The method of any one of claims 15 to 17 wherein said first panel and said

second panel are fuselage sections of an aircratft.

19.  The method of any one of claims 15 to 18 wherein at least one of said strap, said

first fitting, said second fitting, and said frame comprise a composite material.

20. A shell structure splice comprising:

a first panel comprising a first edge and a first stringer spaced away from the
first edge;

a second panel comprising a second edge and a second stringer spaced away
trom the second edge, said second edge positioned in edgewise alignment with said
first edge of said first panel to form a splice joint;

a strap attached to said first panel and said second panel, such that said strap
bridges said splice joint, said strap comprising a top surface, a flat bottom surface, a
first side and a second side, wherein said flat bottom surface contacts said first panel
and said second panel and wherein said top surface comprises a flat middle region, a
first tapered region extending downwardly from proximate said middle region to
proximate said first side, and a second tapered region extending downwardly from
proximate said middle region to proximate said second side;

a first fitting comprising a first tapered section and a first flat section, said first

tapered section attached to said first tapered region of said strap, and said first flat

_ 18 —



CA 02828723 2016-02-23

section extending beyond said first side of said strap and attached to said first panel;

and

a second fitting comprising a second tapered section and a second flat section,
said second tapered section attached to second tapered region of said strap, and said
second flat section extending beyond said second side of said strap and attached to said

second panel.

21.  The splice of claim 20 wherein at least a portion of said first tapered region
of said strap 1s positioned between said first tapered section of said first fitting

and said first panel.

22.  The splice of claim 20 wherein said first panel and said second panel are

fuselage sections of an aircraft.

23.  The splice of claim 20 wherein said first flat section of said first fitting and said
second flat section of said second fitting each comprises a first longitudinal member
and a spaced apart second longitudinal member, wherein a portion of said first stringer
fits between said first longitudinal member and said second longitudinal member of
said first flat section, and wherein a portion of said second stringer fits between said
first longitudinal member and said second longitudinal member of said second flat

section.

24.  The splice of any one of claims 20 to 23 wherein said strap comprises a

composite material.

25.  The splice of any one of claims 20 to 24 wherein said strap further comprises a

tapered internal structure surrounded by a carbon fiber reinforced plastic.

26.  The splice of claim 20 further comprising a frame attached to said flat middle

region of said strap and disposed between said first fitting and said second fitting.
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27. A method of joining a shell structure, said method comprising the steps of:

providing a first panel comprising a first stringer and a second panel comprising
a second stringer of said shell structure in edgewise alignment to form a splice joint;

providing a strap to bridge said splice joint, said strap comprising a top surtace,
a flat bottom surface, a first side and a second side, wherein said flat bottom surface
contacts said first panel and said second panel, and wherein said top surface comprises
a flat middle region, a first tapered region extending from proximate said middle region
to proximate said first side, and a second tapered region extending from proximate said
middle region to proximate said second side;

attaching said strap to said first panel and said second panel;

positioning a first fitting comprising a first tapered section and a first flat
section such that said first tapered section 1s adjacent said first tapered region of saxd
strap and said first flat section extends beyond said first side of said strap and 1s
adjacent said first panel;

attaching said first tapered section of said first fitting to said first tapered region
of said strap;

attaching said first flat section of said first fitting to said first panel;

positioning a second fitting comprising a second tapered section and a second
flat section such that said second tapered section 1s adjacent said second tapered region
of said strap and said second flat section extends beyond said second side of said strap
and 1s adjacent said second panel;

attaching said second tapered section of said second fitting to said second
tapered region of said strap; and

attaching said second flat section of said second fitting to said second panel.

28.  The method of claim 27 further comprising the steps of:
positioning a frame on said flat middle region of said strap between said first
fitting and said second fitting; and

attaching said frame to said flat middle region of said strap.

29.  The method of claim 28 wherein said first panel and said second panel are

fuselage sections of an aircraft.
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30.  The method of claim 28 or 29 wherein at least one of said strap, said first fitting,

said second fitting, and said frame comprise a composite material.
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