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(57) Structural composite airfoils include a primary
structural element (26), a secondary structural element
(24) defining the trailing edge of the structural composite
airfoil, and a leading edge skin panel (54) defining the
leading edge (22) of the structural composite airfoil. The
primary structural element (26) includes an upper skin
panel (34), a lower skin pane (36)l, and a front C-channel
spar (38). A first channel of the front C-channel spar (38)
faces the leading edge (22) of the structural composite

airfoil, and an upper flange of the front C-channel spar
(38) forms an acute angle with an elongated span of the
front C-channel spar (38). The leading edge skin panel
(54) is positioned adjacent the leading edge region of the
primary structural element, with a first end region of the
leading edge skin panel (54) being coupled to the upper
flange of the front C-channel spar (38), and a second end
region being coupled to the lower flange of the front
C-channel spar (38).
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Description

FIELD

[0001] The present disclosure relates generally to
structural composite airfoils and related methods.

BACKGROUND

[0002] Aircraft, including fixed-wing aircraft and rotary-
wing aircraft, employ a variety of aerodynamic control
surfaces, such as ailerons, air brakes, elevators, flaps,
rudders, slats, spoilers and the like. By manipulating one
or more of the aerodynamic control surfaces, a pilot may
control the lift generated by the aircraft, such as during
takeoff, climbing, descending and landing, as well as the
aircraft’s orientation about its pitch, roll, and yaw axes.
For example, the trailing edge of a wing of a fixed-wing
aircraft typically includes one or more flaps, with the flaps
being moveable between retracted and extended posi-
tions. At cruise, the flaps are typically maintained in a
retracted position. When extended, the flaps increase
the camber of the wing. Therefore, during takeoff, climb-
ing, descending, or landing, the flaps may be extended,
either partially or fully, to increase the maximum lift co-
efficient and effectively reduce the stalling speed of the
aircraft. Said aerodynamic control surfaces are typically
airfoils formed of composite materials, and thus are re-
ferred to herein as structural composite airfoils.
[0003] In general, a composite material is a structure
that is formed from two or more constituent component
materials with different physical and/or chemical proper-
ties that, when combined, produce a composite material
having characteristics that are different than the charac-
teristics of the individual components materials. As an
example, one type of composite material is carbon fiber
reinforced plastic ("CFRP"). CFRP generally includes
one or more composite layers or plies laminated together
to form a sheet, laminate or layup. Each of the composite
layers or plies can include a reinforcement material and
a matrix material. The matrix material surrounds, binds
and supports the reinforcement material. The reinforce-
ment material provides structural strength to the matrix
material and the CFRP. The matrix material is generally
a non-conductive polymer such as an epoxy resin. The
reinforcement material generally consists of strands of
carbon fiber, which are electrically conductive.
[0004] Structural composite airfoils, such as flaps,
have an aerodynamic cross-sectional profile that is typ-
ically formed by connecting an upper skin to a lower skin
proximate both the leading edge and the trailing edge of
the structural composite airfoil. In conventional construc-
tion of inboard and outboard flaps, for example, a primary
structural element of the flap is defined by the upper and
lower skins being coupled to three spars that extend the
width of the flap. The leading edge of the structural com-
posite airfoil (which typically includes a bullnose shape),
and the trailing edge (which is tapered to a thin cross-

section) are typically outside of the primary structural el-
ement, forming respective secondary structural elements
of the flap. Various fasteners and components (e.g.,
splice straps and/or nutplates) are used to secure the
upper and lower skins to the spars and other structures
that form the flap. Large numbers of fasteners can in-
crease costs, manufacturing cycle time, and weight of
the resulting assemblies. Accordingly, those skilled in the
art continue research and development efforts directed
to improving structural composite airfoils and the manu-
facturing thereof.

SUMMARY

[0005] Structural composite airfoils and related meth-
ods of forming said structural composite airfoils as dis-
closed herein may reduce fastener counts, improve airfoil
aerodynamic surfaces, and/or simplify manufacturing
processes for structural composite airfoils.
[0006] An example of a structural composite airfoil ac-
cording to the present disclosure includes a primary
structural element, a secondary structural element defin-
ing a trailing edge of the structural composite airfoil, and
a leading edge skin panel defining a leading edge of the
structural composite airfoil. The structural composite air-
foil has a leading edge and a trailing edge, and the pri-
mary structural element extends from a leading edge re-
gion to a trailing edge region. The leading edge region
of the primary structural element is adjacent the leading
edge of the structural composite airfoil.
[0007] The primary structural element includes an up-
per skin panel, a lower skin panel, and a front C-channel
spar. An internal volume is defined between the upper
skin panel and the lower skin panel. The front C-channel
spar includes an upper flange coupled to the upper skin
panel, and a lower flange coupled to the lower skin panel.
A first channel of the front C-channel spar faces the lead-
ing edge of the structural composite airfoil, and the upper
flange forms an acute angle with an elongated span of
the front C-channel spar.
[0008] The leading edge skin panel is positioned ad-
jacent the leading edge region of the primary structural
element, wherein a first end region of the leading edge
skin panel is coupled to the upper flange of the front C-
channel spar, wherein a second end region of the leading
edge skin panel is coupled to the lower flange of the front
C-channel spar, and wherein the leading edge skin panel
has a bullnose shape.
[0009] Methods of assembling such structural com-
posite airfoils are also disclosed. In such methods, the
upper skin panel is coupled to the upper flange of the
front C-channel spar, the lower skin panel is coupled to
the lower flange of the front C-channel spar such that the
internal volume is defined between the upper skin panel
and the lower skin panel, and the leading edge skin panel
is coupled to the front C-channel spar. For example, the
first end region of the leading edge skin panel is coupled
to the upper flange of the front C-channel spar, and the
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second end region of the leading edge skin panel is cou-
pled to the lower flange of the front C-channel spar.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a schematic representation of an apparatus
that may include one or more structural composite
airfoils.
Fig. 2 is a schematic, side elevation representation
of examples of structural composite airfoils.
Fig. 3 is a side elevation view of an integral Z-spar
formed in a lower skin panel.
Fig. 4 is a side elevation view of an integral Z-spar
formed in an upper skin panel.
Fig. 5 is a flowchart diagram representing disclosed
methods of forming disclosed structural composite
airfoils.

DESCRIPTION

[0011] With reference to Fig. 1, one or more structural
composite airfoils 10 may be included in an apparatus
12. Structural composite airfoils 10 may be utilized in
many different industries and applications, such as the
aerospace, automotive, architecture, marine, wind power
generation, remote control aircraft, military, recreation,
and/or motorsport industries. In Fig. 1, an example of
apparatus 12 that may include one or more structural
composite airfoils 10 generally is illustrated in the form
of an aircraft 14. Aircraft 14 may take any suitable form,
including commercial aircraft, military aircraft, or any oth-
er suitable aircraft. While Fig. 1 illustrates aircraft 14 in
the form of a fixed-wing aircraft, other types and config-
urations of aircraft are within the scope of aircraft 14 ac-
cording to the present disclosure, including (but not lim-
ited to) rotorcraft and helicopters.
[0012] Apparatus 12 (e.g., aircraft 14) may include one
or more structural composite airfoils 10. As illustrative,
non-exclusive examples, structural composite airfoils 10
may be utilized in wings 16 (e.g., flaps 17, which may be
inboard or outboard flaps), though other components of
aircraft 14, such as horizontal stabilizers 18, vertical sta-
bilizers 20, and other components additionally or alter-
natively may include one or more structural composite
airfoils 10. Other applications in aircraft 14 (or other ap-
paratus 12) for structural composite airfoils 10 may in-
clude other wing control surfaces, ailerons, flaperons, air
brakes, elevators, slats, spoilers, rudders, canards,
and/or winglets. In other industries, examples of appa-
ratus 12 including one or more structural composite air-
foils 10 may include or be a portion of space satellites,
transit vehicles, shipping containers, rapid transit vehi-
cles, automobile bodies, propeller blades, turbine blades,
and/or marine vehicles (e.g., sailboats), among others.
[0013] Fig. 2 provides illustrative, non-exclusive exam-
ples of structural composite airfoils 10 according to the

present disclosure. In general, elements that are likely
to be included are illustrated in solid lines, while elements
that are optional are illustrated in dashed lines. However,
elements that are shown in solid lines are not essential
to all examples, and an element shown in solid lines may
be omitted from a particular example without departing
from the scope of the present disclosure.
[0014] Structural composite airfoil 10 has a leading
edge 22 and a trailing edge 24, and generally includes a
primary structural element 26 and a secondary structural
element 28. As used herein, a "primary structural ele-
ment" is an element or structure which carries flight,
ground, or pressurization loads, and whose failure would
reduce the structural integrity of the apparatus or assem-
bly of which structural composite airfoil 10 is a part. As
used herein, a "secondary structural element" is an ele-
ment or structure whose failure does not affect the safety
of the apparatus or assembly of which structural com-
posite airfoil 10 is a part.
[0015] Primary structural element 26 extends from a
leading edge region 30 to a trailing edge region 32. As
shown in Fig. 2, leading edge region 30 is adjacent lead-
ing edge 22 of structural composite airfoil 10, but leading
edge region 30 may not actually define leading edge 22.
Leading edge region 30 may be said to be the region of
primary structural element 26 that is closest to leading
edge 22. Similarly, trailing edge region 32 may be said
to be the region of primary structural element 26 that is
closest to trailing edge 24, though trailing edge region 32
of primary structural element 26 does not define trailing
edge 24 of structural composite airfoil 10. As used herein,
a first element or structure is said to be "aft" of another
element or structure if the first element or structure is
positioned closer to trailing edge 24 than is the other el-
ement or structure. Similarly, as used herein, a first ele-
ment or structure is said to be "forward" of another ele-
ment or structure if the first element or structure is posi-
tioned closer to leading edge 22 than is the other element
or structure.
[0016] Primary structural element 26 includes at least
an upper skin panel 34, a lower skin panel 36, and a front
C-channel spar 38. An internal volume 40 is defined be-
tween upper skin panel 34 and lower skin panel 36. Front
C-channel spar 38 includes an upper flange 42 and a
lower flange 44, with upper flange 42 being coupled to
upper skin panel 34, and lower flange 44 being coupled
to lower skin panel 36. A first channel 46 of front C-chan-
nel spar 38 faces leading edge 22 of structural composite
airfoil 10. This arrangement of front C-channel spar 38
with respect to leading edge 22 may permit effective cou-
pling of a leading edge skin panel 54 to upper skin panel
34 and lower skin panel 36 (via front C-channel spar 38)
without forming any joggles in upper skin panel 34 or
lower skin panel 36, thereby potentially reducing com-
plexities in manufacturing upper skin panel 34 and lower
skin panel 36.
[0017] Upper flange 42 forms a first angle 48 with an
elongated span 50 of front C-channel spar, and lower
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flange 44 forms a second angle 52 with elongated span
50, with first channel 46 being defined by upper flange
42, lower flange 44, and elongated span 50. First angle
48 and/or second angle 52 may be acute angles in some
examples of structural composite airfoil 10. Typical con-
ventional airfoil constructions would involve such angles
being greater than ninety degrees to facilitate removal of
the part from the tool, and/or the channel of the front spar
would be arranged facing the trailing edge of the airfoil.
Examples of presently disclosed structural composite air-
foils 10 may advantageously provide for interfacing be-
tween components or elements (e.g., interfacing leading
edge skin panel 54 and upper flange 42) without forming
joggles in upper skin panel 34 or lower skin panel 36 or
utilizing splice straps, and/or may allow for a part count
reduction by reducing or eliminating the number of splice
straps, nutplates, and/or other fasteners used in assem-
bling structural composite airfoils 10. Additionally or al-
ternatively, upper flange 42 may be angled with respect
to elongated span 50 so as to be complementary to a
first end region 56 of leading edge skin panel 54. Simi-
larly, lower flange 44 may be angled with respect to elon-
gated span 50 so as to be complementary to a second
end region 58 of leading edge skin panel 54.
[0018] Leading edge 22 of structural composite airfoil
10 is defined by leading edge skin panel 54, which is
generally shaped to have a bullnose shape. Leading
edge skin panel 54 may be positioned adjacent leading
edge region 30 of primary structural element 26, though
leading edge skin panel 54 may be a discrete part outside
of, or distinct from, primary structural element 26. In other
examples, leading edge skin panel 54 may be within lead-
ing edge region 30 of primary structural element 26
and/or define leading edge region 30 of primary structural
element 26, such as in examples where primary struc-
tural element 26 extends to leading edge 22. Leading
edge skin panel 54 is coupled to upper skin panel 34 and
lower skin panel 36 via front C-channel spar 38. Specif-
ically, first end region 56 of leading edge skin panel 54
is coupled to upper flange 42 of front C-channel spar 38,
and second end region 58 of leading edge skin panel 54
is coupled to lower flange 44 of front C-channel spar 38.
Because upper flange 42 of front C-channel spar 38 is
coupled to leading edge skin panel 54 and to upper skin
panel 34, front C-channel spar 38 effectively couples
leading edge skin panel 54 to upper skin panel 34. In
some examples, leading edge skin panel 54 does not
overlap upper skin panel 34 (e.g., does not overlap an
upper leading edge end 76 of upper skin panel 34) on
upper flange 42. In a specific example, upper leading
edge end 76 of upper skin panel 34 may be abutted to
leading edge skin panel 54 (e.g., to first end region 56 of
leading edge skin panel 54). In other examples, upper
skin panel 34 may be coupled to upper flange 42 without
contacting leading edge skin panel 54. Similarly, because
lower flange 44 of front C-channel spar 38 is coupled to
leading edge skin panel 54 and to lower skin panel 36,
front C-channel spar 38 effectively couples leading edge

skin panel 54 to lower skin panel 36. In some examples,
leading edge skin panel 54 does not overlap lower skin
panel 36 (e.g., does not overlap a lower leading edge
end 78 of lower skin panel 36) on lower flange 44. In
some examples, lower leading edge end 78 of lower skin
panel 36 may be abutted to leading edge skin panel 54
(e.g., to second end region 58). In other examples, lower
skin panel 36 may be coupled to lower flange 44 without
contacting leading edge skin panel 54.
[0019] Trailing edge 24 of structural composite airfoil
10 is defined by secondary structural element 28. In var-
ious examples of structural composite airfoil 10, second-
ary structural element 28 may include a wedge closeout,
a duckbill closeout, a bonded closeout, and/or a riveted
closeout. Examples of suitable trailing edge closeouts
are also disclosed in U.S. Patent No. 10,532,804, issued
on January 14, 2020, and titled AERODYNAMIC CON-
TROL SURFACE AND ASSOCIATED TRAILING EDGE
CLOSE-OUT METHOD, the entire disclosure of which is
hereby incorporated by reference herein in its entirety for
all purposes.
[0020] Upper skin panel 34 generally extends from up-
per leading edge end 76 to an upper trailing edge end
92. Upper leading edge end 76 corresponds to the end
of upper skin panel 34 that is closest to leading edge 22
of structural composite airfoil 10, and upper trailing edge
end 92 corresponds to the end of upper skin panel 34
that is closest to trailing edge 24 of structural composite
airfoil 10. Similarly, lower skin panel 36 generally extends
from lower leading edge end 78 to a lower trailing edge
end 94. Lower leading edge end 78 corresponds to the
end of lower skin panel 36 that is closest to leading edge
22, and lower trailing edge end 94 corresponds to the
end of lower skin panel 36 that is closest to trailing edge
24. As described above, upper leading edge end 76 and
lower leading edge end 78 may be coupled to front C-
channel spar 38. In some examples, upper trailing edge
end 92 may be coupled to lower trailing edge end 94.
Additionally or alternatively, upper trailing edge end 92
and/or lower trailing edge end 94 may form or define trail-
ing edge 24 of structural composite airfoil 10.
[0021] Structural composite airfoil 10 may include one
or more fasteners securing various components to each
other. For example, a first fastener 80 may couple leading
edge skin panel 54 (e.g., first end region 56 of leading
edge skin panel 54) to upper flange 42 of front C-channel
spar 38. In some examples, first fastener 80 is a plurality
of first fasteners 80 spaced apart along the width of struc-
tural composite airfoil 10 (the width of the airfoil extending
into/out of the page) to secure leading edge skin panel
54 to front C-channel spar 38 along first end region 56.
Leading edge skin panel 54 may be configured to inter-
face with upper skin panel 34 without any joggle formed
in either panel, via coupling of both leading edge skin
panel 54 and upper skin panel 34 to upper flange 42.
Additionally or alternatively, structural composite airfoils
10 may be formed without a discrete splice strap joining
leading edge skin panel 54 and upper skin panel 34, be-
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cause upper flange 42 may be configured to effectively
splice leading edge skin panel 54 and upper skin panel
34.
[0022] Similarly, a second fastener 82 may couple
leading edge skin panel 54 (e.g., second end region 58
of leading edge skin panel 54) to lower flange 44 of front
C-channel spar 38. In some examples, second fastener
82 is a plurality of second fasteners 82 spaced apart
along the width of structural composite airfoil 10 (the
width of the airfoil extending into/out of the page) to se-
cure leading edge skin panel 54 to front C-channel spar
38 along second end region 58. Leading edge skin panel
54 may be configured to interface with lower skin panel
36 without any joggle formed in either panel, via coupling
of both leading edge skin panel 54 and lower skin panel
36 to lower flange 44. Additionally or alternatively, struc-
tural composite airfoils 10 may be formed without a dis-
crete splice strap joining leading edge skin panel 54 and
lower skin panel 36, because lower flange 44 may be
configured to effectively splice leading edge skin panel
54 and lower skin panel 36. First fastener 80 and second
fastener 82 may be configured such that leading edge
skin panel 54 may be selectively removable from primary
structural element 26 by removing first fastener 80 and
second fastener 82.
[0023] A third fastener 84 (or a plurality of third fasten-
ers 84 spaced apart along the width of structural com-
posite airfoil 10) may be positioned to couple upper skin
panel 34 to upper flange 42 of front C-channel spar 38.
Third fastener 84 generally couples upper leading edge
end 76 of upper skin panel 34 to upper flange 42. A fourth
fastener 86 (or plurality of fourth fasteners 86 spaced
apart along the width of structural composite airfoil 10)
may be positioned to couple lower skin panel 36 to lower
flange 44 of front C-channel spar 38. Fourth fastener 86
generally couples lower leading edge end 78 of lower
skin panel 36 to lower flange 44. Third fastener 84 and/or
fourth fastener 86 may be accessible (e.g., not blind)
even after primary structural element 26 is assembled.
Additionally or alternatively, third fastener 84 and/or
fourth fastener 86 may be permanent fasteners (e.g., hex
drive bolts) that are secured without nutplates.
[0024] Structural composite airfoil 10 may further in-
clude a middle C-channel spar 60 and/or a rear C-chan-
nel spar 62, one or both of which may form part of primary
structural element 26. In the example shown in Fig. 2,
primary structural element 26 is defined by front C-chan-
nel spar 38, middle C-channel spar 60, rear C-channel
spar 62, and the respective portions of upper skin panel
34 and lower skin panel 36 extending between front C-
channel spar 38 and rear C-channel spar 62. In other
examples of structural composite airfoil 10, primary struc-
tural element 26 may extend further towards leading
edge 22 than illustrated in Fig. 2. For example, while pri-
mary structural element 26 may extend only between
front C-channel spar 38 and rear C-channel spar 62 as
noted above, in other examples, primary structural ele-
ment 26 optionally may extend further forward such that

primary structural element 26 also extends to and in-
cludes leading edge 22. Additionally or alternatively, pri-
mary structural element 26 may extend further towards
trailing edge 24 than illustrated in Fig. 2. For example,
primary structural element 26 may include at least a por-
tion of structural composite airfoil 10 aft of rear C-channel
spar 62.
[0025] In examples including middle C-channel spar
60, said middle C-channel spar 60 may include a second
channel 64 facing leading edge 22. Middle C-channel
spar 60 may be coupled to upper skin panel 34 and lower
skin panel 36. For example, middle C-channel spar 60
may include a middle upper flange 66 coupled to upper
skin panel 34. Additionally or alternatively, middle C-
channel spar 60 may include a middle lower flange 68
coupled to lower skin panel 36. Middle C-channel spar
60 is positioned aft of front C-channel spar 38.
[0026] In examples including rear C-channel spar 62,
said rear C-channel spar 62 may include a third channel
70 facing leading edge 22. Rear C-channel spar 62 may
be coupled to upper skin panel 34 and lower skin panel
36. For example, rear C-channel spar 62 may include a
rear upper flange 72 coupled to upper skin panel 34. Ad-
ditionally or alternatively, rear C-channel spar 62 may
include a rear lower flange 74 coupled to lower skin panel
36. Rear C-channel spar 62 is positioned aft of front C-
channel spar 38. In examples of structural composite air-
foil 10 including middle C-channel spar 60 and rear C-
channel spar 62, rear C-channel spar 62 is positioned aft
of middle C-channel spar 60.
[0027] A plurality of other fasteners 88 may be utilized
to couple upper skin panel 34 to middle C-channel spar
60 (e.g., middle upper flange 66) and/or to rear C-channel
spar 62 (e.g., rear upper flange 72). Similarly, one or
more fasteners 88 may be used to couple lower skin pan-
el 36 to middle C-channel spar 60 (e.g., middle lower
flange 68) and/or to rear C-channel spar 62 (e.g., rear
lower flange 74). Additionally or alternatively, one or more
fasteners 88 may be used to couple upper trailing edge
end 92 to lower trailing edge end 94.
[0028] Each of upper skin panel 34 and lower skin pan-
el 36 may be a composite panel formed of a plurality of
layers (plies) of a fiber-reinforced polymer that are lam-
inated together. For example, upper skin panel 34 and
lower skin panel 36 may be formed of carbon fiber rein-
forced polymer material or fiberglass reinforced polymer
material. In other examples, upper skin panel 34 and/or
lower skin panel 36 may be a metallic material, a polymer,
or other suitable material.
[0029] In some examples, at least a portion of upper
skin panel 34 may be core stiffened. As used herein,
"core stiffened" refers to skin panels having at least a first
skin and a low-density core material coupled to the skin.
Core stiffened materials optionally include a second skin,
with the core material sandwiched between the first and
second skins to form a sandwich panel. Suitable mate-
rials for forming core stiffened portions are well known in
the art, and include honeycomb core materials and me-
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tallic core materials, though other core materials are with-
in the scope of the present disclosure. For example, up-
per skin panel 34 may include a first upper core stiffened
portion 134, a second upper core stiffened portion 136,
and a third upper core stiffened portion 138. First upper
core stiffened portion 134 may be positioned between
front C-channel spar 38 and middle C-channel spar 60,
second upper core stiffened portion 136 may be posi-
tioned between middle C-channel spar 60 and rear C-
channel spar 62, and/or third upper core stiffened portion
138 may be positioned between rear C-channel spar 62
and upper trailing edge end 92. One or more of upper
core stiffened portions 134, 136, 138 may be tapered,
such as in areas of the respective section near C-channel
spar 38, 60, and/or 62. For example, upper core stiffened
portion 134, 136, and/or 138 may have a height or thick-
ness extending downward from upper skin panel 34 to-
wards lower skin panel 36, with said height or thickness
decreasing in the vicinity of one or more of the C-channel
spars 38, 60, and/or 62, thereby forming the taper. In the
example of Fig. 2, the thickness of first upper core stiff-
ened portion 134 is tapered adjacent front C-channel
spar 38 and adjacent middle C-channel spar 60, the thick-
ness of second upper core stiffened portion 136 is ta-
pered adjacent middle C-channel spar 60 and rear C-
channel spar 62, and the thickness of third upper core
stiffened portion 138 is tapered adjacent rear C-channel
spar 62 and adjacent trailing edge 24. In other examples,
the height or thickness of one or more upper core stiff-
ened portions 134, 136, and/or 138 may be constant or
substantially constant, rather than tapering where the re-
spective upper core stiffened portion 134, 136, and/or
138 meets the respective C-channel spar 38, 60, 62. In
some examples, one or more of upper core stiffened por-
tions 134, 136, and/or 138 may abut a respective C-chan-
nel spar 38, 60, and/or 62. While upper skin panel 34 as
shown in Fig. 2 includes three distinct upper core stiff-
ened portions 134, 136, 138, in other examples, upper
skin panel 34 may be core stiffened along its entire length,
along a greater or lesser portion of its length, and/or may
include more or fewer discrete upper core stiffened sec-
tions than is shown in Fig. 2.
[0030] Additionally or alternatively, at least a portion of
lower skin panel 36 may be core stiffened. For example,
lower skin panel 36 includes a first lower core stiffened
portion 140, a second lower core stiffened portion 142,
and a third lower core stiffened portion 144. First lower
core stiffened portion 140 may be positioned between
front C-channel spar 38 and middle C-channel spar 60,
second lower core stiffened portion 142 may be posi-
tioned between middle C-channel spar 60 and rear C-
channel spar 62, and/or third lower core stiffened portion
138 may be positioned between rear C-channel spar 62
and lower trailing edge end 94. One or more of lower
core stiffened portions 140, 142, 144 may be tapered,
such as in areas of the respective section near C-channel
spar 38, 60, and/or 62. For example, lower core stiffened
portion 140, 142, and/or 144 may have a height or thick-

ness extending upward from lower skin panel 36 towards
upper skin panel 34, with said height or thickness de-
creasing in the vicinity of one or more of the C-channel
spars 38, 60, and/or 62, thereby forming the taper. In the
example of Fig. 2, the thickness of first lower core stiff-
ened portion 140 is tapered adjacent front C-channel
spar 38 and adjacent middle C-channel spar 60, the thick-
ness of second lower core stiffened portion 142 is tapered
adjacent middle C-channel spar 60 and rear C-channel
spar 62, and the thickness of third lower core stiffened
portion 144 is tapered adjacent rear C-channel spar 62
and adjacent trailing edge 24. In other examples, the
height or thickness of one or more lower core stiffened
portions 140, 142, and/or 144 may be constant or sub-
stantially constant, rather than tapering where the re-
spective lower core stiffened portion 140, 142, and/or
144 meets the respective C-channel spar 38, 60, 62. In
some examples, one or more of lower core stiffened por-
tions 140, 142, and/or 144 may abut a respective C-chan-
nel spar 38, 60, and/or 62. While lower skin panel 36 as
shown in Fig. 2 includes three distinct lower core stiffened
portions 140, 142, 144, in other examples, lower skin
panel 36 may be core stiffened along its entire length,
may be core stiffened along a greater or lesser portion
of its length, and/or may include more or fewer discrete
lower core stiffened sections than is shown in Fig. 2.
[0031] Structural composite airfoil 10 has a length 90,
which may also be referred to herein as a chord length
90, and a position along length 90 may be defined in
terms of a percentage of the distance along length 90
from leading edge 22. In these terms, front C-channel
spar 38 may be positioned between 0% and 10% of
length 90 away from leading edge 22. In some examples,
front C-channel spar 38 is positioned at 5% of length 90
away from leading edge 22 (or at about 5% of length 90
away from leading edge 22). Front C-channel spar 38
may be positioned as far forward as practical for integra-
tion in some examples. Additionally or alternatively, mid-
dle C-channel spar 60 may be positioned between 20%
and 40% of length 90 away from leading edge 22, such
as at 30% of length 90 away from leading edge 22 (or
about 30% of length 90 away from leading edge 22). In
some examples, middle C-channel spar 60 may be po-
sitioned for balancing torsional capability within primary
structural element 26 on either side of middle C-channel
spar 60. Additionally or alternatively, rear C-channel spar
62 may be positioned between 40% and 70% of length
90 away from leading edge 22, and/or between 50% and
60% of length 90 away from leading edge 22. In some
examples, rear C-channel spar 62 may be positioned at
55% of length 90 away from leading edge 22 (or about
55% of length 90 away from leading edge 22). In some
examples, rear C-channel spar 62 may be positioned as
far aft as practical for integration.
[0032] Some examples of structural composite airfoil
10 may include an integral Z-spar 100, which may be a
part of primary structural element 26, with elements aft
of integral Z-spar 100 being part of secondary structural
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element 28 in some examples. Thus, positioning integral
Z-spar 100 aft of middle C-channel spar 60 and/or rear
C-channel spar 62 (or in lieu of one or both of these spars)
may lengthen, or extend, the length of primary structural
element 26, and/or may increase the percentage of
length 90 of structural composite airfoil 10 that corre-
sponds to primary structural element 26. In some exam-
ples, integral Z-spar 100 may be formed within trailing
edge region 32 of primary structural element 26. Figs.
3-4 illustrate examples of such integral Z-spars 100, with
Fig. 3 illustrating an example of integral Z-spar 100
formed in lower skin panel 36, and Fig. 4 illustrating an
example of integral Z-spar 100 formed in upper skin panel
34. Integral Z-spar 100 is generally positioned adjacent
trailing edge 24 of structural composite airfoil 10, such
as by being positioned at least 80% of length 90 away
from leading edge 22. In some examples, integral Z-spar
100 may be positioned between 80-95% of length 90
away from leading edge 22.
[0033] With reference to Fig. 3, integral Z-spar 100 may
be formed in lower trailing edge end 94 of lower skin
panel 36. Integral Z-spar 100 may include a first bend
106, a second bend 108, and a first Z-spar segment 110
extending between first bend 106 and second bend 108.
In some examples, first Z-spar segment 110 may be at
least perpendicular or at least substantially perpendicular
to lower skin panel 36 and/or upper skin panel 34. In
some examples, first Z-spar segment 110 may form an
angle with lower skin panel 36 that is greater than 90
degrees, and/or greater than 100 degrees. Additionally
or alternatively, first Z-spar segment 110 may form an
angle with upper skin panel 34 that is greater than 90
degrees, and/or greater than 100 degrees. Integral Z-
spar 100 may further include a second Z-spar segment
112 extending aft of second bend 108. Second Z-spar
segment 112 may be coupled to upper skin panel 34, as
shown in Fig. 3. In the example shown in Fig. 3, second
Z-spar segment 112 is positioned adjacent an interior
surface 114 of upper skin panel 34. A Z-spar fastener
116 may couple integral Z-spar 100 to upper skin panel
34. In some examples, Z-spar fastener 116 is recessed
into upper skin panel 34 (e.g., such that Z-spar fastener
116 is at least substantially flush or sub flush with an
upper panel surface 130 of upper skin panel 34) and ex-
tends through upper skin panel 34 and second Z-spar
segment 112 to couple integral Z-spar 100 to upper skin
panel 34.
[0034] Integral Z-spar 100 may include a Z-spar joggle
102 in lower skin panel 36 that may be configured to
receive a portion of a trailing edge closeout cover 104,
which may at least partially define secondary structural
element 28 and/or trailing edge 24 of structural composite
airfoil 10. Z-spar joggle 102 is effectively a small shift in
lower skin panel 36 upwards toward upper skin panel 34,
and generally is positioned forward of first bend 106. A
first cover end region 118 of trailing edge closeout cover
104 may be bonded to lower skin panel 36, as shown in
Fig. 3. Additionally or alternatively, first cover end region

118 may be riveted or otherwise fastened or coupled to
lower skin panel 36. To create a smooth surface at the
interface and improve aerodynamic performance, first
cover end region 118 may be slightly recessed into lower
skin panel 36, such as via Z-spar joggle 102, as shown
in Fig. 3. Z-spar joggle 102 may be tailored to create a
greater or smaller recess in lower skin panel 36, depend-
ing on the thickness of first cover end region 118, such
that a lower panel surface 126 of lower skin panel 36 is
flush or substantially flush with a lower cover surface 128
of trailing edge closeout cover 104 within first cover end
region 118. In other words, Z-spar joggle 102 may be
larger to create a bigger recess to receive and engage
with a given trailing edge closeout cover 104 having a
thicker first cover end region 118, whereas Z-spar joggle
102 may be smaller to create a smaller recess to receive
and engage with a different given trailing edge closeout
cover 104 having a thinner first cover end region 118.
Any gaps remaining at the interface of Z-spar joggle 102
and first cover end region 118 (or elsewhere on structural
composite airfoil 10) may be filled with a sealant, a filler
material, and/or a resin, and then smoothed.
[0035] A second cover end region 120 of trailing edge
closeout cover 104 may include an integral wedge 122
that may be coupled (e.g., bonded and/or coupled via
one or more fasteners) to upper skin panel 34, as shown
in Fig. 3. Alternatively, integral wedge 122 may be inte-
grally formed with upper skin panel 34. In still other ex-
amples, integral wedge 122 may be a discrete compo-
nent separate from trailing edge closeout cover 104 and
separate from upper skin panel 34, and which may be
bonded or otherwise coupled to upper skin panel 34
and/or trailing edge closeout cover 104. For example,
integral wedge 122 may be formed by building up plies
of material, molding, and/or by machining a mating face
profile to mate with upper skin panel 34.
[0036] With reference to Fig. 4, integral Z-spar 100 may
be formed in upper trailing edge end 92 of upper skin
panel 34. In the example shown in Fig. 4, second Z-spar
segment 112 is coupled to lower skin panel 36, and is
positioned adjacent an interior surface 124 of lower skin
panel 36. Z-spar fastener 116 couples integral Z-spar
100 to lower skin panel 36, with Z-spar fastener 116 being
recessed into lower skin panel 36 (e.g., such that Z-spar
fastener 116 is at least flush or at least substantially flush
or sub flush with lower panel surface 126 of lower skin
panel 36) and extending through lower skin panel 36 and
second Z-spar segment 112 to couple integral Z-spar
100 to lower skin panel 36.
[0037] In Fig. 4, integral Z-spar 100 includes Z-spar
joggle 102 in upper skin panel 34 that is configured to
receive a portion of trailing edge closeout cover 104, with
Z-spar joggle 102 being positioned forward of first bend
106. Z-spar joggle 102 is effectively a small shift in upper
skin panel 34 toward lower skin panel 36. First cover end
region 118 of trailing edge closeout over 104 is bonded
to upper skin panel 34 instead of lower skin panel 36 in
this example. Additionally or alternatively, first cover end
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region 118 may be riveted or otherwise fastened or cou-
pled to upper skin panel 34. To create a smooth surface
at the interface and improve aerodynamic performance,
first cover end region 118 may be slightly recessed into
upper skin panel 34, such as via Z-spar joggle 102, as
shown in Fig. 4. Z-spar joggle 102 may be tailored to
create a greater or smaller recess in upper skin panel
34, depending on the thickness of first cover end region
118, such that an upper panel surface 130 of upper skin
panel 34 is flush or substantially flush with an upper cover
surface 132 of trailing edge closeout cover 104 within
first cover end region 118. In other words, Z-spar joggle
102 may be larger to create a bigger recess to receive
and engage with a given trailing edge closeout cover 104
having a thicker first cover end region 118, whereas Z-
spar joggle 102 may be smaller to create a smaller recess
to receive and engage with a different given trailing edge
closeout cover 104 having a thinner first cover end region
118.
[0038] Second cover end region 120 of trailing edge
closeout cover 104 may include integral wedge 122 that
may be coupled (e.g., bonded and/or coupled via one or
more fasteners) to lower skin panel 36. Alternatively, and
as shown in Fig. 4, integral wedge 122 may be integrally
formed with lower skin panel 36. In still other examples,
integral wedge 122 may be a discrete component sepa-
rate from trailing edge closeout cover 104 and separate
from lower skin panel 36, and which may be bonded or
otherwise coupled to lower skin panel 36 and/or trailing
edge closeout cover 104. Integral wedge 122 may be
formed, for example, by building up plies of material,
molding, and/or by machining a mating face profile to
mate with lower skin panel 36.
[0039] Fig. 5 schematically provides a flowchart that
represents illustrative, non-exclusive examples of meth-
ods 200 according to the present disclosure. In Fig. 5,
some steps are illustrated in dashed boxes indicating that
such steps may be optional or may correspond to an
optional version of a method according to the present
disclosure. That said, not all methods 200 according to
the present disclosure are required to include the steps
illustrated in solid boxes. The methods 200 and steps
illustrated in Fig. 5 are not limiting and other methods
and steps are within the scope of the present disclosure,
including methods having greater than or fewer than the
number of steps illustrated, as understood from the dis-
cussions herein.
[0040] Methods 200 generally include coupling an up-
per skin panel (e.g., upper skin panel 34) to a front C-
channel spar (e.g., front C-channel spar 38), at 202, and
coupling a lower skin panel (e.g., lower skin panel 36) to
the front C-channel spar, at 204. Coupling the upper skin
panel to the front C-channel spar at 202 generally in-
cludes coupling the upper skin panel to an upper flange
(e.g., upper flange 42) of the front C-channel spar. Sim-
ilarly, coupling the lower skin panel to the front C-channel
spar at 204 generally includes coupling the lower skin
panel to a lower flange (e.g., lower flange 44) of the front

C-channel spar. As compared to conventional tech-
niques, coupling the upper skin panel at 202 and/or cou-
pling the lower skin panel at 204 may be performed with
a reduced number of nutplates or other fastening com-
ponents. Additionally or alternatively, coupling the upper
skin panel at 202 and/or coupling the lower skin panel at
204 may be performed without the use of splice straps.
Reducing the number of fasteners or fastening compo-
nents may reduce the weight of the resulting structural
composite airfoil, reduce manufacturing costs, and/or re-
duce manufacturing processing time.
[0041] Methods 200 also include coupling a leading
edge skin panel (e.g., leading edge skin panel 54) to the
front C-channel spar, at 206. Coupling the leading edge
skin panel at 206 generally includes coupling a first end
region of the leading edge skin panel (e.g., first end region
56) to the upper flange of the front C-channel spar, and
coupling a second end region of the leading edge skin
panel (e.g., second end region 58) to the lower flange of
the front C-channel spar. Coupling the leading edge skin
panel at 206 may be performed without overlapping the
upper skin panel and the leading edge skin panel on the
upper flange of the front C-channel spar. Similarly, cou-
pling the leading edge skin panel at 206 may be per-
formed without overlapping the lower skin panel and the
leading edge skin panel on the lower flange of the front
C-channel spar. Coupling the leading edge skin panel at
206 may include coupling the leading edge skin panel
without the use of splice straps, such that the leading
edge skin panel may be directly coupled to the front C-
channel spar. In some methods 200, coupling the leading
edge skin panel at 206 includes abutting the first end
region of the leading edge skin panel and the upper skin
panel (e.g., upper leading edge end 76 of upper skin pan-
el 34), which may include forming a lap joint or splice
joint between the two. Additionally or alternatively, cou-
pling the leading edge skin panel at 206 may include
abutting the second end region of the leading edge skin
panel and the lower skin panel (e.g., lower leading edge
end 78 of lower skin panel 36) and/or forming a lap joint
or splice joint therebetween.
[0042] In some examples, method 200 includes cou-
pling the upper skin panel to a middle C-channel spar
(e.g., middle C-channel spar 60) at 208, coupling the up-
per skin panel to a rear C-channel spar (e.g., rear C-
channel spar 62) at 210, coupling the lower skin panel
to the middle C-channel spar at 212, and/or coupling the
lower skin panel to the rear C-Channel spar at 214. Ad-
ditionally or alternatively, methods 200 may include cou-
pling a secondary structural element (e.g., secondary
structural element 28), such as a closeout, to the upper
skin panel (e.g., upper trailing edge end 92) and/or to the
lower skin panel (e.g., lower trailing edge end 94), at 216.
Additionally or alternatively, methods 200 may include
forming an integral Z-spar (e.g., integral Z-spar 100) in
the lower skin panel or upper skin panel, at 218.
[0043] Illustrative, non-exclusive examples of inven-
tive subject matter according to the present disclosure
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are described in the following enumerated paragraphs:

A1. A structural composite airfoil (10) having a lead-
ing edge (22) and a trailing edge (24), the structural
composite airfoil (10) comprising: a primary structur-
al element (26) extending from a leading edge region
(30) to a trailing edge region (32), wherein the leading
edge region (30) is adjacent the leading edge (22)
of the structural composite airfoil (10) or defined the
leading edge (22) of the structural composite airfoil
(10), wherein the primary structural element (26)
comprises: an upper skin panel (34); a lower skin
panel (36); an internal volume (40) defined between
the upper skin panel (34) and the lower skin panel
(36); and a front C-channel spar (38) comprising an
upper flange (42) coupled to the upper skin panel
(34), wherein the front C-channel spar (38) further
comprises a lower flange (44) coupled to the lower
skin panel (36), wherein a first channel (46) of the
front C-channel spar (38) faces the leading edge (22)
of the structural composite airfoil (10), wherein the
upper flange (42) forms a first angle (48) with an
elongated span (50) of the front C-channel spar (38),
wherein the lower flange (44) forms a second angle
(52) with the elongated span (50), and wherein the
first angle (48) is acute; a secondary structural ele-
ment (28) defining the trailing edge (24) of the struc-
tural composite airfoil (10); and a leading edge skin
panel (54) defining the leading edge (22) of the struc-
tural composite airfoil (10) and positioned adjacent
or within the leading edge region (30) of the primary
structural element (26), wherein a first end region
(56) of the leading edge skin panel (54) is coupled
to the upper flange (42) of the front C-channel spar
(38), wherein a second end region (58) of the leading
edge skin panel (54) is coupled to the lower flange
(44) of the front C-channel spar (38), and wherein
the leading edge skin panel (54) has a bullnose
shape.
A1.1. The structural composite airfoil (10) of para-
graph A1, wherein the primary structural element fur-
ther comprises a middle C-channel spar (60) coupled
to the upper skin panel (34) and the lower skin panel
(36), wherein a second channel (64) of the middle
C-channel spar (60) faces the leading edge (22) of
the structural composite airfoil (10), wherein the mid-
dle C-channel spar (60) is positioned aft of the front
C-channel spar (38).
A1.2. The structural composite airfoil (10) of para-
graph A1 and/or A1.1, wherein the primary structural
element further comprises a rear C-channel spar
(62) coupled to the upper skin panel (34) and the
lower skin panel (36), wherein a third channel (70)
of the rear C-channel spar (62) faces the leading
edge (22) of the structural composite airfoil (10), and
wherein the rear C-channel spar (62) is positioned
aft of a/the middle C-channel spar (60).
A2. The structural composite airfoil (10) of any of

paragraphs A1-A1.2, wherein the second angle (52)
is acute.
A3. The structural composite airfoil (10) of any of
paragraphs A1-A2, wherein the upper flange (42) is
angled with respect to the elongated span (50) to be
complementary to the first end region (56) of the
leading edge skin panel (54).
A4. The structural composite airfoil (10) of any of
paragraphs A1-A3, wherein the leading edge skin
panel (54) does not overlap the upper skin panel (34)
on the upper flange (42) of the front C-channel spar
(38).
A5. The structural composite airfoil (10) of any of
paragraphs A1-A4, wherein the lower flange (44) is
angled to be complementary to the second end re-
gion (58) of the leading edge skin panel (54).
A6. The structural composite airfoil (10) of any of
paragraphs A1-A5, wherein the leading edge skin
panel (54) does not overlap the lower skin panel (36)
on the lower flange (44) of the front C-channel spar
(38).
A7. The structural composite airfoil (10) of any of
paragraphs A1-A6, wherein the upper skin panel (34)
is abutted to the leading edge skin panel (54).
A8. The structural composite airfoil (10) of any of
paragraphs A1-A7, wherein the lower skin panel (36)
is abutted to the leading edge skin panel (54).
A9. The structural composite airfoil (10) of any of
paragraphs A1-A8, further comprising a first fastener
(80) coupling the leading edge skin panel (54) to the
upper flange (42) of the front C-channel spar (38).
A10. The structural composite airfoil (10) of any of
paragraphs A1-A9, further comprising a second fas-
tener (82) coupling the leading edge skin panel (54)
to the lower flange (44) of the front C-channel spar
(38).
A11. The structural composite airfoil (10) of any of
paragraphs A1-A10, further comprising a third fas-
tener (84) coupling the upper skin panel (34) to the
upper flange (42) of the front C-channel spar (38).
A11.1. The structural composite airfoil (10) of para-
graph A11, wherein the third fastener (84) is not
blind, such that it is accessible when the primary
structural element (26) is assembled.
A12. The structural composite airfoil (10) of any of
paragraphs A1-A11.1, further comprising a fourth
fastener (86) coupling the lower skin panel (36) to
the lower flange (44) of the front C-channel spar (38).
A12.1. The structural composite airfoil (10) of para-
graph A12, wherein the fourth fastener (86) is not
blind, such that it is accessible when the primary
structural element (26) is assembled.
A13. The structural composite airfoil (10) of any of
paragraphs A1-A12.1, wherein the leading edge skin
panel (54) interfaces with the upper skin panel (34)
without any joggle.
A14. The structural composite airfoil (10) of any of
paragraphs A1-A13, wherein the leading edge skin
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panel (54) interfaces with the lower skin panel (36)
without any joggle.
A15. The structural composite airfoil (10) of any of
paragraphs A1-A14, wherein the leading edge skin
panel (54) interfaces with the upper skin panel (34)
without a splice strap.
A16. The structural composite airfoil (10) of any of
paragraphs A1-A15, wherein the leading edge skin
panel (54) interfaces with the lower skin panel (36)
without a/the splice strap.
A17. The structural composite airfoil (10) of any of
paragraphs A1-A16, further comprising a plurality of
fasteners (84, 86) coupling the front C-channel spar
(38) to the upper skin panel (34) and the lower skin
panel (36), wherein each fastener (84, 86) of the plu-
rality of fasteners (84, 86) is not blind, such that each
fastener (84, 86) of the plurality of fasteners (84, 86)
is accessible while the front C-channel spar (38) is
secured to the upper skin panel (34) and the lower
skin panel (36).
A18. The structural composite airfoil (10) of any of
paragraphs A1-A17, wherein the upper skin panel
(34) is coupled to the upper flange (42) of the front
C-channel spar (38) without a nutplate.
A19. The structural composite airfoil (10) of any of
paragraphs A1-A18, wherein the lower skin panel
(36) is coupled to the lower flange (44) of the front
C-channel spar (38) without a/the nutplate.
A20. The structural composite airfoil (10) of any of
paragraphs A1-A19, wherein at least a portion of the
upper skin panel (34) is core stiffened.
A21. The structural composite airfoil (10) of any of
paragraphs A1-A20, wherein at least a portion of the
lower skin panel (36) is core stiffened.
A22. The structural composite airfoil (10) of any of
paragraphs A1-A21, wherein the upper skin panel
(34) comprises fiberglass or carbon fiber.
A23. The structural composite airfoil (10) of any of
paragraphs A1-A22, wherein the lower skin panel
(36) comprises fiberglass or carbon fiber.
A24. The structural composite airfoil (10) of any of
paragraphs A1-A23, wherein the structural compos-
ite airfoil (10) has a length (90), and wherein a posi-
tion along the length (90) may be defined by a per-
centage of the distance along the length (90) from
the leading edge (22).
A25. The structural composite airfoil (10) of para-
graph A24, wherein the front C-channel spar (38) is
positioned between 0% and 10% of the length (90)
away from the leading edge (22).
A26. The structural composite airfoil (10) of para-
graph A25, wherein the front C-channel spar (38) is
positioned at 5% or at about 5% of the length (90)
away from the leading edge (22).
A27. The structural composite airfoil (10) of any of
paragraphs A24-A26, wherein a/the middle C-chan-
nel spar (60) is positioned between 20% and 40%
of the length (90) away from the leading edge (22).

A28. The structural composite airfoil (10) of para-
graph A27, wherein a/the middle C-channel spar (60)
is positioned at 30% or at about 30% of the length
(90) away from the leading edge (22).
A29. The structural composite airfoil (10) of any of
paragraphs A24-A28, wherein a/the rear C-channel
spar (62) is positioned between 40% and 70% of the
length (90) away from the leading edge (22), and/or
between 50% and 60% of the length (90) away from
the leading edge (22).
A30. The structural composite airfoil (10) of para-
graph A29, wherein a/the rear C-channel spar (62)
is positioned at 55% or at about 55% of the length
(90) away from the leading edge (22).
A31. The structural composite airfoil (10) of any of
paragraphs A1-A30, wherein the structural compos-
ite airfoil (10) is a trailing edge flap (17), an aileron,
a flaperon, an air brake, an elevator, a slat, a spoiler,
a canard, a rudder, and/or a winglet.
A32. The structural composite airfoil (10) of any of
paragraphs A1-A31, wherein the secondary struc-
tural element (28) comprises a wedge closeout.
A33. The structural composite airfoil (10) of any of
paragraphs A1-A32, wherein the secondary struc-
tural element (28) comprises a duckbill closeout.
A34. The structural composite airfoil (10) of any of
paragraphs A1-A33, wherein the secondary struc-
tural element (28) comprises a bonded closeout.
A35. The structural composite airfoil (10) of any of
paragraphs A1-A34, wherein the secondary struc-
tural element (28) comprises a riveted closeout.
A36. The structural composite airfoil (10) of any of
paragraphs A1-A35, wherein the lower skin panel
(36) comprises a lower leading edge end (78) and a
lower trailing edge end (94), wherein the lower trail-
ing edge end (94) is opposite the lower leading edge
end (78).
A37. The structural composite airfoil (10) of para-
graph A36, wherein the lower leading edge end (78)
is coupled to the front C-channel spar (38).
A38. The structural composite airfoil (10) of any of
paragraphs A36-A37, wherein the lower trailing edge
end (94) is coupled to an upper trailing edge end (92)
of the upper skin panel (34).
A39. The structural composite airfoil (10) of any of
paragraphs A36-A38, wherein the lower trailing edge
end (94) forms an integral Z-spar (100).
A40. The structural composite airfoil (10) of any of
paragraphs A1-A39, wherein the primary structural
element (26) comprises an/the integral Z-spar (100).
A41. The structural composite airfoil (10) of para-
graph A40, wherein the integral Z-spar (100) is
formed by the lower skin panel (36) within the trailing
edge region (32) of the primary structural element
(26).
A42. The structural composite airfoil (10) of any of
paragraphs A40-A41, wherein the integral Z-spar
(100) comprises a joggle configured to receive a por-
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tion of a trailing edge closeout cover (104).
A43. The structural composite airfoil (10) of any of
paragraphs A40-A42, wherein the integral Z-spar
(100) comprises a first bend (106), a second bend
(108), and a first Z-spar segment (110) extending
between the first bend (106) and the second bend
(108).
A44. The structural composite airfoil (10) of para-
graph A43, wherein the first Z-spar segment (110)
is perpendicular (or substantially perpendicular) to
the lower skin panel (36) and/or perpendicular (or
substantially perpendicular) to the upper skin panel
(34).
A45. The structural composite airfoil (10) of para-
graph A43 or A44, wherein the integral Z-spar (100)
further comprises a second Z-spar segment (112)
extending aft of the second bend (108), wherein the
second Z-spar segment (112) is coupled to the upper
skin panel (34).
A46. The structural composite airfoil (10) of para-
graph A45, wherein the second Z-spar segment
(112) is adjacent an interior surface (114) of the up-
per skin panel (34).
A47. The structural composite airfoil (10) of para-
graph A45 or A46, wherein the second Z-spar seg-
ment (112) is coupled to the upper skin panel (34)
via a Z-spar fastener (116), wherein the Z-spar fas-
tener (116) is recessed into the upper skin panel (34),
and wherein the Z-spar fastener (116) extends
through the second Z-spar segment (112).
A48. The structural composite airfoil (10) of any of
paragraphs A43-A47, wherein a/the joggle of the in-
tegral Z-spar (100) is forward of the first bend (106).
A49. The structural composite airfoil (10) of any of
paragraphs A1-A48, further comprising a/the trailing
edge closeout cover (104).
A50. The structural composite airfoil (10) of para-
graph A50, wherein a first cover end region (118) of
the trailing edge closeout cover (104) is bonded to
the lower skin panel (36).
A51. The structural composite airfoil (10) of para-
graph A49 or A50, wherein a/the first cover end re-
gion (118) of the trailing edge closeout cover (104)
is recessed into the lower skin panel (36) such that
aerodynamic performance is improved.
A52. The structural composite airfoil (10) of any of
paragraphs A49-A51, wherein a second cover end
region (120) of the trailing edge closeout cover (104)
comprises an integral wedge (122) coupled to the
upper skin panel (34).
A53. The structural composite airfoil (10) of any of
paragraphs A1-A52, wherein the upper skin panel
(34) comprises an upper leading edge end (76) and
an upper trailing edge end (92), wherein the upper
trailing edge end (92) is opposite the upper leading
edge end (76).
A54. The structural composite airfoil (10) of para-
graph A53, wherein the upper leading edge end (76)

is coupled to the front C-channel spar (38).
A55. The structural composite airfoil (10) of any of
paragraphs A53-A54, wherein the upper trailing
edge end (92) is coupled to a/the lower trailing edge
end (94) of the lower skin panel (36).
B1. An aircraft (14) comprising the structural com-
posite airfoil (10) of any of paragraphs A1-A55.
B2. A trailing edge flap (17) for an aircraft (14) com-
prising the structural composite airfoil (10) of any of
paragraphs A1-A55.
C1. A method (200) of assembling a structural com-
posite airfoil (10), the method (200) comprising: cou-
pling (202) an upper skin panel (34) to a front C-
channel spar (38), wherein the structural composite
airfoil (10) extends from a leading edge (22) to a
trailing edge (24), wherein a first channel (46) of the
front C-channel spar (38) faces the leading edge (22)
of the structural composite airfoil (10), wherein the
front C-channel spar (38) comprises an upper flange
(42), a lower flange (44), and an elongated span (50)
extending between the upper flange (42) and the
lower flange (44), wherein the coupling (202) the up-
per skin panel (34) to the front C-channel spar (38)
comprises coupling the upper skin panel (34) to the
upper flange (42) of the front C-channel spar (38),
and wherein the upper flange (42) forms an acute
angle with the elongated span (50); coupling (204)
a lower skin panel (36) to the front C-channel spar
(38) such that an internal volume (40) is defined be-
tween the upper skin panel (34) and the lower skin
panel (36), wherein the upper skin panel (34), the
lower skin panel (36), and the front C-channel spar
(38) together form at least a portion of a primary
structural element (26) of the structural composite
airfoil (10); and coupling (206) a leading edge skin
panel (54) to the front C-channel spar (38), wherein
the leading edge skin panel (54) defines the leading
edge (22) of the structural composite airfoil (10),
wherein the coupling (206) the leading edge skin
panel (54) comprises coupling a first end region (56)
of the leading edge skin panel (54) to the upper
flange (42) of the front C-channel spar (38), wherein
the coupling (206) the leading edge skin panel (54)
further comprises coupling a second end region (58)
of the leading edge skin panel (54) to the lower flange
(44) of the front C-channel spar (38), wherein the
leading edge skin panel (54) has a bullnose shape.
C1.1. The method (200) of paragraph C1, further
comprising coupling (208) the upper skin panel (34)
to a middle C-channel spar (60), wherein the middle
C-channel spar (60) is aft of the front C-channel spar
(38), and wherein a second channel (64) of the mid-
dle C-channel spar (60) faces the leading edge (22)
of the structural composite airfoil (10).
C1.2. The method (200) of paragraph C1 or C1.1,
further comprising coupling (210) the upper skin pan-
el (34) to a rear C-channel spar (62), and wherein a
third channel (70) of the rear C-channel spar (62)

19 20 



EP 3 912 903 A1

12

5

10

15

20

25

30

35

40

45

50

55

faces the leading edge (22) of the structural com-
posite airfoil (10).
C1.3. The method (200) of paragraph C1.2, wherein
the rear C-channel spar (62) is aft of a/the middle C-
channel spar (60).
C1.4. The method (200) of any of paragraphs C1-
C1.3, further comprising coupling (214) the lower
skin panel to a/the rear C-channel spar (62) such
that the rear C-channel spar (62) is part of the primary
structural element (26).
C1.5. The method (200) of any of paragraphs C1-
C1.4, further comprising coupling (212) the lower
skin panel (36) to a/the middle C-channel spar (60),
such that the middle C-channel spar (60) is part of
the primary structural element (26).
C2. The method (200) of any of paragraphs C1-C1.5,
wherein the structural composite airfoil (10) is the
structural composite airfoil (10) of any of paragraphs
A1-A55.
C3. The method (200) of any of paragraphs C1-C2,
wherein the coupling (206) the leading edge skin
panel (54) comprises coupling the leading edge skin
panel (54) such that the leading edge skin panel (54)
does not overlap the upper skin panel (34) on the
upper flange (42) of the front C-channel spar (38).
C4. The method (200) of any of paragraphs C1-C3,
wherein the coupling (206) the leading edge skin
panel (54) comprises coupling the leading edge skin
panel (54) such that the leading edge skin panel (54)
does not overlap the lower skin panel (36) on the
lower flange (44) of the front C-channel spar (38).
C5. The method (200) of any of paragraphs C1-C4,
wherein the coupling (206) the leading edge skin
panel (54) comprises abutting the first end region
(56) of the leading edge skin panel (54) and the upper
skin panel (34).
C6. The method (200) of any of paragraphs C1-C5,
wherein the coupling (206) the leading edge skin
panel (54) comprises abutting the second end region
(58) of the leading edge skin panel (54) and the lower
skin panel (36).
C7. The method (200) of any of paragraphs C1-C6,
wherein the coupling (206) the leading edge skin
panel (54) is performed without using a/the splice
strap.
C8. The method (200) of any of paragraphs C1-C7,
wherein the coupling (202) the upper skin panel (34)
to the front C-channel spar (38) is performed without
using a/the nutplate.
C9. The method (200) of any of paragraphs C1-C8,
wherein the coupling (204) the lower skin panel (36)
to the front C-channel spar (38) is performed without
using a/the nutplate.
C10. The method (200) of any of paragraphs C1-C9,
further comprising coupling (216) a/the closeout to
the upper skin panel (34) and the lower skin panel
(36), wherein the closeout defines the trailing edge
(24) of the structural composite airfoil (10).

C11. The method (200) of any of paragraphs C1-
C10, further comprising forming an/the integral Z-
spar (100) in the lower skin panel (36).
D1. The use of the structural composite airfoil (10)
of any of paragraphs A1-A55 as an inboard flap for
an aircraft (14).
D2. The use of the structural composite airfoil (10)
of any of paragraphs A1-A55 as an outboard flap for
an aircraft (14).

[0044] As used herein, the terms "selective" and "se-
lectively," when modifying an action, movement, config-
uration, or other activity of one or more components or
characteristics of an apparatus, mean that the specific
action, movement, configuration, or other activity is a di-
rect or indirect result of user manipulation of an aspect
of, or one or more components of, the apparatus.
[0045] As used herein, the terms "adapted" and "con-
figured" mean that the element, component, or other sub-
ject matter is designed and/or intended to perform a given
function. Thus, the use of the terms "adapted" and "con-
figured" should not be construed to mean that a given
element, component, or other subject matter is simply
"capable of" performing a given function but that the el-
ement, component, and/or other subject matter is spe-
cifically selected, created, implemented, utilized, pro-
grammed, and/or designed for the purpose of performing
the function. It is also within the scope of the present
disclosure that elements, components, and/or other re-
cited subject matter that is recited as being adapted to
perform a particular function may additionally or alterna-
tively be described as being configured to perform that
function, and vice versa. Similarly, subject matter that is
recited as being configured to perform a particular func-
tion may additionally or alternatively be described as be-
ing operative to perform that function.
[0046] As used herein, the phrase "at least one," in
reference to a list of one or more entities should be un-
derstood to mean at least one entity selected from any
one or more of the entities in the list of entities, but not
necessarily including at least one of each and every entity
specifically listed within the list of entities and not exclud-
ing any combinations of entities in the list of entities. This
definition also allows that entities may optionally be
present other than the entities specifically identified with-
in the list of entities to which the phrase "at least one"
refers, whether related or unrelated to those entities spe-
cifically identified. Thus, as a non-limiting example, "at
least one of A and B" (or, equivalently, "at least one of A
or B," or, equivalently "at least one of A and/or B") may
refer, in one embodiment, to at least one, optionally in-
cluding more than one, A, with no B present (and option-
ally including entities other than B); in another embodi-
ment, to at least one, optionally including more than one,
B, with no A present (and optionally including entities
other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one,
optionally including more than one, B (and optionally in-
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cluding other entities). In other words, the phrases "at
least one," "one or more," and "and/or" are open-ended
expressions that are both conjunctive and disjunctive in
operation. For example, each of the expressions "at least
one of A, B, and C," "at least one of A, B, or C," "one or
more of A, B, and C," "one or more of A, B, or C," and
"A, B, and/or C" may mean A alone, B alone, C alone, A
and B together, A and C together, B and C together, or
A, B, and C together, and optionally any of the above in
combination with at least one other entity.
[0047] The various disclosed elements of apparatuses
and steps of methods disclosed herein are not required
to all apparatuses and methods according to the present
disclosure, and the present disclosure includes all novel
and non-obvious combinations and subcombinations of
the various elements and steps disclosed herein. More-
over, one or more of the various elements and steps dis-
closed herein may define independent inventive subject
matter that is separate and apart from the whole of a
disclosed apparatus or method. Accordingly, such inven-
tive subject matter is not required to be associated with
the specific apparatuses and methods that are expressly
disclosed herein, and such inventive subject matter may
find utility in apparatuses and/or methods that are not
expressly disclosed herein.
[0048] As used herein, the phrase, "for example," the
phrase, "as an example," and/or simply the term "exam-
ple," when used with reference to one or more compo-
nents, features, details, structures, embodiments, and/or
methods according to the present disclosure, are intend-
ed to convey that the described component, feature, de-
tail, structure, embodiment, and/or method is an illustra-
tive, non-exclusive example of components, features,
details, structures, embodiments, and/or methods ac-
cording to the present disclosure. Thus, the described
component, feature, detail, structure, embodiment,
and/or method is not intended to be limiting, required, or
exclusive/exhaustive; and other components, features,
details, structures, embodiments, and/or methods, in-
cluding structurally and/or functionally similar and/or
equivalent components, features, details, structures, em-
bodiments, and/or methods, are also within the scope of
the present disclosure.

Claims

1. A structural composite airfoil having a leading edge
and a trailing edge, the structural composite airfoil
comprising:

a primary structural element extending from a
leading edge region to a trailing edge region,
wherein the leading edge region is adjacent the
leading edge of the structural composite airfoil,
wherein the primary structural element compris-
es:

an upper skin panel;
a lower skin panel;
an internal volume defined between the up-
per skin panel and the lower skin panel; and
a front C-channel spar comprising an upper
flange coupled to the upper skin panel,
wherein the front C-channel spar further
comprises a lower flange coupled to the low-
er skin panel, wherein a first channel of the
front C-channel spar faces the leading edge
of the structural composite airfoil, wherein
the upper flange forms a first angle with an
elongated span of the front C-channel spar,
wherein the lower flange forms a second
angle with the elongated span, and wherein
the first angle is acute;

a secondary structural element defining the trail-
ing edge of the structural composite airfoil; and
a leading edge skin panel defining the leading
edge of the structural composite airfoil and po-
sitioned adjacent the leading edge region of the
primary structural element, wherein a first end
region of the leading edge skin panel is coupled
to the upper flange of the front C-channel spar,
wherein a second end region of the leading edge
skin panel is coupled to the lower flange of the
front C-channel spar, and wherein the leading
edge skin panel has a bullnose shape.

2. The structural composite airfoil according to claim 1,
wherein the leading edge skin panel does not overlap
the upper skin panel on the upper flange of the front
C-channel spar, and wherein the leading edge skin
panel does not overlap the lower skin panel on the
lower flange of the front C-channel spar.

3. The structural composite airfoil according to claim 1
or 2, further comprising:

a first fastener coupling the leading edge skin
panel to the upper flange of the front C-channel
spar;
a second fastener coupling the leading edge
skin panel to the lower flange of the front C-chan-
nel spar;
a third fastener coupling the upper skin panel to
the upper flange of the front C-channel spar,
wherein the third fastener is not blind, such that
it is accessible when the primary structural ele-
ment is assembled; and
a fourth fastener coupling the lower skin panel
to the lower flange of the front C-channel spar,
wherein the fourth fastener is not blind, such that
it is accessible when the primary structural ele-
ment is assembled.

4. The structural composite airfoil according to any of
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claims 1-3, wherein the leading edge skin panel in-
terfaces with the upper skin panel without any joggle,
and wherein the leading edge skin panel interfaces
with the lower skin panel without any joggle.

5. The structural composite airfoil according to any of
claims 1-4, wherein the structural composite airfoil
is a trailing edge flap, an aileron, a flaperon, an air
brake, an elevator, a slat, a spoiler, a canard, a rud-
der, and/or a winglet.

6. The structural composite airfoil according to any of
claims 1-5, wherein the secondary structural ele-
ment comprises a wedge closeout.

7. The structural composite airfoil according to any of
claims 1-6, wherein:

the lower skin panel comprises a lower leading
edge end and a lower trailing edge end;
the lower trailing edge end is opposite the lower
leading edge end;
the lower leading edge end is coupled to the
front C-channel spar; and, optionally,
the lower trailing edge end is coupled to an upper
trailing edge end of the upper skin panel.

8. The structural composite airfoil according to claims
any of 1-8, further comprising a trailing edge closeout
cover, wherein: a first cover end region of the trailing
edge closeout cover is bonded to the lower skin pan-
el; and, optionally, the first cover end region of the
trailing edge closeout cover is recessed into the low-
er skin panel.

9. The structural composite airfoil according to claim 8,
wherein a second cover end region of the trailing
edge closeout cover comprises an integral wedge
coupled to the upper skin panel.

10. The structural composite airfoil according to any of
claims 1-9, wherein:

the upper skin panel comprises an upper leading
edge end and an upper trailing edge end;
the upper trailing edge end is opposite the upper
leading edge end;
the upper leading edge end is coupled to the
front C-channel spar; and, optionally,
the upper trailing edge end is coupled to an in-
tegral wedge of a trailing edge closeout cover.

11. The structural composite airfoil according to any of
claims 1-10, wherein the second angle is acute.

12. The structural composite airfoil according to any of
claims 1-11, wherein the front C-channel spar is di-
rectly coupled to the upper skin panel and the lower

skin panel without splice straps or nutplates.

13. The structural composite airfoil according to any of
claims 1-12, wherein the primary structural element
further comprises:

a middle C-channel spar coupled to the upper
skin panel and the lower skin panel, wherein a
second channel of the middle C-channel spar
faces the leading edge of the structural compos-
ite airfoil, and wherein the middle C-channel
spar is positioned aft of the front C-channel spar;
and
a rear C-channel spar coupled to the upper skin
panel and the lower skin panel, wherein a third
channel of the rear C-channel spar faces the
leading edge of the structural composite airfoil,
and wherein the rear C-channel spar is posi-
tioned aft of the middle C-channel spar.

14. An aircraft comprising the structural composite airfoil
according to any of claims 1-13.

15. A method of assembling a structural composite air-
foil, the method comprising:

coupling an upper skin panel to a front C-chan-
nel spar, wherein the structural composite airfoil
extends from a leading edge to a trailing edge,
wherein a first channel of the front C-channel
spar faces the leading edge of the structural
composite airfoil, wherein the front C-channel
spar comprises an upper flange, a lower flange,
and an elongated span extending between the
upper flange and the lower flange, wherein the
coupling the upper skin panel to the front C-
channel spar comprises coupling the upper skin
panel to the upper flange of the front C-channel
spar , and wherein the upper flange forms an
acute angle with the elongated span;
coupling a lower skin panel to the front C-chan-
nel spar such that an internal volume is defined
between the upper skin panel and the lower skin
panel, wherein the upper skin panel, the lower
skin panel, and the front C-channel spar togeth-
er form at least a portion of a primary structural
element of the structural composite airfoil; and
coupling a leading edge skin panel to the front
C-channel spar, wherein the leading edge skin
panel defines the leading edge of the structural
composite airfoil, wherein the coupling the lead-
ing edge skin panel comprises coupling a first
end region of the leading edge skin panel to the
upper flange of the front C-channel spar, where-
in the coupling the leading edge skin panel fur-
ther comprises coupling a second end region of
the leading edge skin panel to the lower flange
of the front C-channel spar, wherein the leading
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edge skin panel has a bullnose shape.
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