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ABSTRACT
A method of transitioning a stringer, having a base portion and first and second

webs extending outwardly therefrom, from a hat section to a dual-blade section, comprises

the step of altering an orientation of at least one of the first and second webs from a first

angle to a second angle within an angle transition zone.



10

15

20

25

30

CA 02943126 2016-09-26

STRINGER TRANSITION AND METHOD FOR PRODUCING COMPOSITE PARTS
USING THE SAME

FIELD

The present disclosure relates generally to the production of composite parts and,
more particularly, to a stringer configuration and method as used in forming composite

laminates.

BACKGROUND

Composite structures are used in a wide variety of applications. In aircraft
construction, composites are used In increasing quantities to form the fuselage, wings, tail
sectton and other components. For example, the wings may be constructed of composite skin
members to which stiffening elements such as stringers may be coupled to increase the
bending strength and stiffness of the skin member. The stringers may extend in a generally
spanwise direction along the wing. The stringers may be bonded to the skin members and
may be configured to carry bending loads or loads that are oriented substantially
perpendicularly relative to the skin member.

Stringers may be provided in a wide variety of cross-sectional shapes. For
example, a stringer cross section may comprise a plurality of composite plies formed in a hat-
section contiguration having a base portion and a pair of webs extending outwardly from the
base portion. The base portion may comprise a pair of flanges to facilitate coupling (e.g.,
bonding) of the stringer to the skin member such as the upper and lower wings skins of a
wing. The hat-section stringer may include a cap which interconnects the webs and encloses
the hat section in order to increase the torsional rigidity of the stringer. The cap also provides
lateral stability to the webs against lateral bending or folding of the webs. At an intersection
of each one of the flanges with one of the webs, a radius filler or noodle may be installed to
enhance the load-carrying capabilities of the stringer.

The stringers in a wing may extend from an inboard section of the wing to an
outboard section of the wing. Different loading conditions may be imposed on the wing at
different locations along the wingspan. For example, at an inboard section of the wing,
bending loads are typically higher than bending loads at an outboard section of the wing. In

order to optimize the load carrying efficiency of the stringers and to minimize the occurrence
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of localized stresses in the skin members to which the stringers are coupled, it 1s typically
desirable to reduce the stiffness ot the stringer at the outboard section of the wing where the

stringer may terminate. One method of reducing the stiffness of the stringer 1s to remove a
portion of the cap. Removal of the cap from the stringer may also provide an opening in the
stringer through which fuel vapors may be vented. In this regard, the stringer may provide
secondary utility in addition to the primary load carrying function by acting as a conduit for
venting fuel vapors from the inboard section of the wing near the fuel tanks to the outboard
section of the wings.

However, for stringer cross sections where the web 1s oriented non-
perpendicularly relative to the base portion, removal of the cap may necessitate a mechanism
for maintaining the stability of the webs to prevent unwanted lateral bending. For example,
the hat section of the stringer may comprise a cross-section having a trapezoidal
configuration wherein each ot the webs 1s angled inwardly toward one another and being
interconnected by the cap. At locations where the cap 1s intact, the cap stabilizes the webs
against such lateral bending or folding. However, at locations where the cap has been
removed, the inwardly-angled webs are unsupported such that bending loads in the stringer
may induce the webs to fold laterally inwardly.

Stabilizing the webs against lateral bending may also be necessary for stringers
having a biased configuration in the ply layup. More specifically, when the stringer is
viewed 1n cross section at the intersection of one of the webs with one of the flanges, the
quantity of composite plies that make up the webs may be biased toward one side of the
intersection or noodle. More specifically, when viewing a cross section of the composite
plies that make up a thickness of the web, a larger quantity of plies may be positioned on one
side of the intersection or noodle than on an opposite side of the noodle. The biased
configuration may have undesired results.

Current techniques for stabilizing the webs include the use of metal (e.g.,
aluminum) fittings which may be mechanically tastened to the webs and flanges or skin
members. Although generally satisfactory for their intended purpose, the use of such fittings
presents certain drawbacks. For example, each one of the metal fittings must be individually
fastened to the stringer using specialized mechanical fasteners which may require the
formation of appropriately-sized holes in the fiber reinforced composite material which
makes up the stringer and skin members. As opposed to conventional methods of forming
holes 1n metallic structures, forming holes in composite materials and structures may also

require the use of specialized tooling.
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In addition, composites structures may require the installation ot sleeved
conductive fasteners. Such fasteners must typically be installed in a wet condition using a

sealant to prevent galvanic corrosion between the dissimilar materials of the metallic fitting
and the composite stringer/skin member. The wet installation of fasteners may further be
required to prevent leakage across fasteners and/or to fill gaps between the tastener and the
hole to allow for proper shear load transfer across the fastener and the hole. In addition, the
use of metallic fittings may require the installation of sealant at the mating surfaces of the
fitting and the stringer/skin member to prevent moisture buildup. Even further, in certain
applications, fillet seals must be applied at the edges of the metallic fitting and the composite
stringer to prevent moisture intrusion. As may be appreciated, the installation of metallic
fittings in composite structures to stabilize the webs of a stringer may result 1n an increase in

production time, increased part count, and an overall increase in the complexity of the

structure.

As can be seen, there exists a need in the art for a system and method for
stabilizing the webs of a stringer against lateral bending or folding which may otherwise
occur as a result of a non-perpendicular orientation of the webs or due to a biased
configuration in the composite plies that make up the stringer. Such stabilization may be
required at locations where a cap of the stringer is not provided or which may occur at
locations along the stringer where the cap has been removed. In this regard, there exists a
need in the art for a system and method for stabilizing the webs of the stringer against lateral

bending or folding which does not require the installation of separate metallic fittings.

SUMMARY

The above noted needs associated with composite stringers are specifically
addressed by the present disclosure which provides a stringer having a base portion and first
and second webs which extend outwardly from the base portion. The orientation of the first
web may transition from a first angle to a second angle within an angle transition zone.
Likewise, the orientation of the second web may transition from the first angle to the second
angle within the angle transition zone.

[n an embodiment, the stringer may be incorporated into a composite aircraft
structure. The structure may include a skin member. The stringer may be mounted to the

skin member. The stringer may define a cross section that may transition from a hat section

to a dual-blade section. The first and second webs of the stringer may define an orientation
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relative to the base portion wherein the orientation may transition within an angle transition
zone which may have opposing first and second angle zone ends. The first web may define a

non-perpendicular orientation at the first angle zone end. Likewise, the second web may

define a non-perpendicular orientation at the first angle zone end.

The present disclosure further includes a method of transitioning the stringer from
the hat section to the dual-blade section. The method may comprise the step of altering the
orientation of the first web from the first angle to the second angle within the angle transition
zone. The method may further comprise altering the orientation of the second web from the
first angle to the second angle within the angle transition zone.

In an efnbodiment, the method may comprise forming a base laminate by laying
up base plies on a base mold. The method may further include increasing a quantity ot the
base plies incrementally within the ply transition zone. In addition, the primary laminate may
be formed by laying up primary plies on a cure mold having cure mold side walls. The cure
mold side walls may transition from the first angle to the second angle within the angle
transition zone. The method may further comprise decreasing the quantity of the primary
plies incrementally within the ply transition zone in correspondence with the incremental

increase in the base plies.

Furthermore, the method may comprise forming a wrap laminate by laying up
wrap plies about a mandrel that may be formed complementary to the cure mold. The
quantity of the wrap plies may be increased incrementally within the ply transition zone 1n
correspondence with the incremental decrease in primary plies and the incremental increase
in base plies. In addition, the method may comprise inserting the wrap laminate into the

primary laminate and placing a first and/or second noodle along the wrap laminate and

primary laminate.

The method may also include adding the base laminate to the wrap laminate and
primary laminate. Following the addition of the base laminate to the wrap laminate and
primary laminate, the method may comprise co-curing the base laminate, wrap laminate and

primary laminate together to form the stringer. The method may comprise forming an
opening 1n the stringer by removing at least a portion of a cap of the stinger.

The present disclosure further includes a method of transitioning a stringer from a
hat section to a dual-blade section, the stringer having a base portion and first and second
webs extending outwardly therefrom, the method comprising the step of: altering an
orientation of at least one of the first and second webs from a first angle to a second angle

within an angle transition zone.
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The features, functions and advantages that have been discussed can be achieved
independently in various embodiments of the present disclosure or may be combined in yet

other embodiments, further details of which can be seen with reference to the tollowing

description and drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present invention will become more apparent upon
reference to the drawings wherein like numbers refer to like parts throughout and wherein:

Figure 1 is functional block diagram of a composite part such as a stringer that
may be formed of a base laminate, a wrap laminate and a primary laminate;

Figure 2 is a perspective illustration of an aircraft wing panel in an embodiment
incorporating stringers extending from an inboard section to an outboard section of the wing
paheh

Figure 3 is a perspective illustration of one of the stringers of Figure 2 and
illustrating the stringer being fastened to a skin member and having a portion of a cap of the
stringer being removed from the stringer;

Figure 4 is an exploded perspective illustration of the stringer ot Figure 3
illustrating the interconnectivity of the base laminate, the wrap laminate and the primary
laminate that make up the stringer;

Figure 5 is a cross-sectional illustration of the stringer taken along line 5-5 of
Figure 3 and illustrating a base portion of the stringer comprising first and second flanges
having first and second webs extending upwardly therefrom and being interconnected by the
cap and wherein the first and second webs may be oriented at a first angle;

Figure 6 is a cross-sectional illustration of the stringer taken along line 6-6 of
Figure 3 and illustrating the first and second webs being oriented at a second angle which

may be different than the first angle of the first and second webs as shown 1n Figure 5;

Figure 6A is a cross-sectional illustration of the stringer similar to that which 1s

illustrated in Figure 6 and illustrating the first and second webs being oriented at a draft angle
relative to a substantially perpendicular orientation of the first and second webs;

Figure 7 1s a cross-sectional illustration of the stringer taken along line 7-7 of
Figure 3 and illustrating an increase in a thickness of the base center interconnecting the first
and second flanges as a result of an increase in a quantity of wrap plies ot the wrap laminate

within a ply transition zone;
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Figure 8 is a cross-sectional illustration of the stringer taken along line 8-8 of
Figure 3 and illustrating the stringer having the cap removed from a portion thereof;

Figure 9A is a plan view of the stringer along an angle transition zone wherein at
least one of the first and second webs transitions from the first angle to the second angle;

Figure 9B 1s a cross-sectional illustration of the stringer taken at the first angle

zone end of the angle transition zone wherein at least one of the first and second webs 1s

oriented at the first angle;

Figure 9C 1s a cross-sectional 1llustration of the stringer taken at the second angle
zone end of the angle transition zone wherein at least one of the first and second webs 1s
oriented at the second angle;

Figure 9D 1s a schematic illustration of the angle transition zone where the
orientation of the first and second webs may vary in transition rate;

Figure 10 1s a perspective illustration of the primary laminate flipped vertically
relative to the orientation shown in Figure 4 and illustrating the incremental decrease in
primary plies along the ply transition zone along a direction from the inboard section to the
outboard section of the primary laminate;

Figure 11 is a perspective illustration of the wrap laminate flipped vertically
relative to the orientation shown in Figure 4 and illustrating the incremental increase in wrap
plies along the ply transition zone in correspondence with the incremental decrease in
primary plies;

Figure 12 1s a perspective illustration of the base laminate flipped vertically
relative to the orientation shown in Figure 4 and illustrating the incremental increase in base
plies along the ply transition zone 1n correspondence with the incremental decrease in
primary plies and incremental increase in wrap plies;

Figure 13 A 1s a reference cross section of the stringer in the ply transition zone;

Figure 13B 1s a schematic illustration of the ply layup of the first and second
tlanges taken along line 13B-13B of Figure 13A and 1illustrating the transition from a biased
configuration relative to a first noodle or a base-primary interface at a first ply zone end of
the ply transition zone to an unbiased configuration at the base-primary interface at a second
ply zone end of the ply transition zone;

Figure 14A 1s a reference cross section of the stringer in the ply transition zone;

Figure 14B 1s a schematic illustration of the ply layup of the first and second webs
and cap taken along line 14B-14B of Figure 14A and illustrating the transition from the
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biased configuration at a primary-wrap interface at the first ply zone end to the unbiased
configuration at the primary-wrap interface at the second ply zone end;

Figure 15A is a reference cross section of the stringer in the ply transition zone;

Figure 15B 1s a schematic illustration of the ply layup of the base center taken
along line 15B-15B of Figure 15A and tillustrating the transition from a first laminate
thickness at the first ply zone end to a second laminate thickness at the second ply zone end;

Figures 16A-16B are reference cross sections of the stringer in the ply transition
zone;

Figure 16C 1s a chart 1llustrating a ply layup of primary plies, wrap plies and base
plies;

Figure 17A 1s a reference cross section of the stringer in the ply transition zone;

Figure 17B is a chart 1llustrating a ply layup of the wrap plies and base plies;

Figure 18 1s a partial sectional 1llustration of a first noodle or intersection of the
base laminate, primary laminate and wrap laminate at the first ply zone end of the ply
transifion zone and 1llustrating a biased configuration at the base-primary interface, the
primary-wrap interface and the wrap-base interface;

Figures 19-22 are partial sectional illustrations of the intersection of the base
laminate, wrap laminate and primary laminate and 1illustrating a sequence in transitioning
from a biased configuration to an unbiased configuration;

Figure 23 1s a partial sectional 1llustration of the intersection of the base laminate,
wrap laminate and primary laminate at the second ply zone end of the ply transition zone and
tllustrating an unbiased configuration;

Figure 24 is a sectional illustration of the second noodle at a location of the first
angle zone end wherein the web 1s oriented at the first angle relative to the base portion;

Figure 25 1s a sectional illustration of the second noodle at a location of the
second angle zone end wherein the web 1s oriented at the second angle relative to the base
portion;

Figure 26 1s a sectional illustration of the wrap laminate taken along line 26-26 of
Figure 4 and illustrating lap splices of a portion of the wrap plies that make up the wrap

laminate;
Figure 27 1s a perspective illustration of an aircraft which may incorporate one or

more stringers 1n a composite structure of the aircraft;
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Figure 28 is a methodology of forming a stringer transitioning from a hat section

to a dual-blade section;

Figure 29 is a methodology of transitioning the stringer by altering the orientation
of at least one of the first and second webs within the angle transition zone and/or altering the
ply layup within the ply transition zone;

Figure 30 is a flow diagram of an aircraft production and service methodology;

and

Figure 31 1s a block diagram of an aircratt.

DETAILED DESCRIPTION

Referring now to the drawings wherein the showings are for purposes ot
illustrating preferred and various embodiments of the disclosure only and not for purposes of
limiting the same, shown in FIG. 1 is a structure 10 such as a composite part 24 which may
comprise a stringer 26 formed of a base laminate 54, a primary laminate 50 and a wrap
laminate 58. The stringer 26 may include first and second flanges 36, 38 which may be
interconnected by a base center 40. The stringer 26 may include a pair of first and second
webs 30, 32 which may extend outwardly from the first and second flanges 36, 38,
respectively, and which may be interconnected by a cap 34. The first flange 36 may intersect
with the base center 40 and first web 30 at a first noodle 44. The second flange 38 may
intersect with the base center 40 and the second web 32 at a second noodle 46. The base
laminate 54 may have a generally planar shape (Figure 4 and 12) and may be comprised ot
base plies 56 which may be formed of fiber reinforced material although any material may be
used. The primary laminate 50 may have a generally hat-shaped cross-section (Figure 4 and
10) along at least a portion of a length thereof and may be formed of primary plies 52. The
wrap laminate 58 may have a closed cross-sectional shape (Figure 4 and 11) along at least a
portion of a length thereof and may be formed of wrap plies 60. The wrap laminate may be
nested within the primary laminate as shown in Figure 1, 3, and 4. The primary laminate may

be flush against the base laminate to form a base portion including the first and second flanges
(Figure 1, 3, and 4).

As can be seen in Figure 1, the primary plies 52 may comprise at least a portion ot
the first flange 36, first web 30, cap 34, second web 32 and second flange 38. The wrap plies
60 may comprise at least a portion of the base center 40, first web 30, second web 32 and cap
34. The base plies 56 may comprise at least a portion of the first flange 36, base center 40

and second flange 38. Each one of the first and second flanges 36, 38 may be formed of a

_8-
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portion of the primary plies 52 and base plies 56. The base center 40 may be formed of wrap
plies 60 and base plies 56. Each one of the first and second webs 30, 32 may be formed of
primary plies 52 and wrap plies 60. Likewise, the cap 34 may be formed of primary plies 52
and wrap plies 60.

As described 1n greater detail below, the stringer 26 1s configured such that at least
one of the first and second webs 30, 32 transitions from a first angle 110 as shown in Figures
> and 9B to a second angle 112 as shown 1n Figures 6 and 9C within an angle transition zone
74 as shown 1n Figures 4 and 9A. In addition, as shown in Figures 10-12, a ply layup 48 of
the first and second flanges 36, 38 and the base center 40 as well as the ply layup 48 of the
first and second W‘ebs 30, 32 and cap 34 may transition within a ply transition zone 76. For
example, 1n an embodiment, the stringer 26 may be provided 1n a hat section 84 as shown in
Figures 5-7 which may be transitioned to a dual-blade section 86 as shown in Figure &
wherein the cap 34 may be at least partially removed as shown 1n Figure 3. By transitioning
the orientation of the first and second webs 30, 32 from the first angle 110 to the second
angle 112 and/or by altering the ply layup 48 of the stringer 26, the need for separate fittings
for stabilizing the webs may be eliminated.

For example, as shown in Figures 5-6, the system and method disclosed herein
provides a means for transitioning a cross-section of the stringer 26 from one in which the
first and second webs 30, 32 may be oriented in a non-perpendicular angle relative to the first
and second flanges 36, 38 as shown in Figure 5 to a substantially perpendicular angle relative
to the first and second flanges 36, 38 as shown in Figure 6. Optionally, as shown in Figure
6A, the first and second webs 30, 32 may transition to a non-perpendicular angle that is near
perpendicular but which may include a draft angle 118 of up to five degrees or more relative
to a substantially perpendicular orientation to facilitate removal of tooling following curing of
the stringer 26. In addition, the system and method as disclosed herein provides a means for
transitioning a ply layup 48 of the first and second flanges 36, 38, the first and second webs
30, 32 and the base center 40 from a biased configuration 78, as shown in Figures 13B and
14B, wherein the quantity of plies may be biased to one side of the first and second noodles
44, 46, to an unbiased configuration 80, as also shown in Figures 13B and 14B, wherein the
quantity of plies are generally uniformly distributed about the first and second noodles 44, 46
as will be described 1in greater detail below.

Referring to Figure 2, shown is a structure 10 configured as an aircraft 120, wing
124 having front and rear spars 18, 20 interconnected by a plurality of ribs 22 located at

spaced intervals along a span of the wing 124. The structure 10 may include one or more
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stringers 26 which may be coupled to a skin member 12 for stiffening thereof. The stringers
26 may, in turn, be interconnected to the ribs 22. As shown in Figure 2, the stringers 26 may
be configured as vent stringers 26 extending from an inboard 14 portion ot the wing 124 to an
outboard 16 portion of the wing 124. In this manner, the closed hat section 84 of the stringers
26 may optionally function as a conduit for venting fuel vapors such as from fuel tanks which
may be located at an inboard 14 portion of the wing 124. However, the stringer 26 may
function to vent any number of different fluids without limitation or serve as a conduit for
other systems or elements. In this regard, each one of the stringers 26 may be provided with
an opening 88 wherein a portion of the cap 34 which interconnects the first and second webs
30, 32 may be removed. In such an arrangement, the stringer 26 may transition from a hat
section 84 to a dual-blade section 86.

Referring to Figures 3-8 and 10-14B, shown in Figure 3 1s a perspective
1llustration of one of the stringers 26 coupled to a skin member 12. As can be seen, the
stringer 26 may include the angle transition zone 74 wherein the orientation of at least one of
the first and second webs 30, 32 transitions from the first angle 110 as shown in Figure 5 to
the second angle 112 as shown in Figures 6-8. Furthermore, Figure 10 illustrates the ply
transition zone 76 wherein a ply layup 48 of the base portion 28 and the first and second webs
30, 32 may transition from a biased configuration 78 at the first ply zone end 106 as shown 1n
Figures 13B and 14B, to an unbiased configuration 80 at the second ply zone end 108 as also
shown in Figures 13B and 14B. In this regard, the ply transition zone 76 comprises a
location along the stringer 26 wherein the plies of the laminates that interface with one
another to form the stringer 26 are incrementally increased in one laminate in correspondence
with an incremental decrease in the plies ot the facing laminate. For example, referring
brietly to Figure 18, shown 1s an intersection of the base laminate 54, wrap laminate 58 and
primary laminate 50 wherein the base plies 56, wrap plies 60 and primary plies 52 comprise
the biased configuration 78 at the first ply zone end 106 of the ply transition zone 76.
Reterring brietly to Figure 23, shown 1s the unbiased configuration 80 of the base laminate
54, wrap laminate 58 and primary laminate 50 at the second ply zone end 108 of the ply
transition zone 76. Advantageously, by incrementally increasing (1.e., adding) and decreasing
(1.¢., dropping) plies within the ply transition zone 76, the stringer 26 can be morphed from
the biased configuration 78 to the unbiased configuration 80.

Referring to Figure 3, it should be noted that the stringer 26 may include one or
more angle transition zones 74 and/or one or more ply transition zones 76 and is not limited

to a single one of each. Furthermore, the present disclosure contemplates a stringer 26
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configuration having only one or more ply transition zones 76 and not having an angle
transition zone 74. Conversely, the present disclosure contemplates a stringer 26
configuration having only one or more angle transition zones 74 and not having a ply
transition zone 76. Even further, the present disclosure contemplates an arrangement wherein
only one of the first and second webs 30, 32 of the stringer 26 includes the angle transition
zone 74. The present disclosure also contemplates a stringer 26 configuration having only a
single one of the first and second flanges 36, 38 and including only a single one of the first
and second webs 30, 32 extending outwardly from the single one of the first and second
tflanges 36, 38.

Referring now to Figure 4, shown 1s an exploded perspective illustration of the
base laminate 54, wrap laminate 58 and primary laminate 50 which make up the stringer 26
as shown 1n Figure 3. In this regard, Figure 4 illustrates a configuration of each one of the
laminates prior to assembling for co-curing or bonding to form the stringer 26. As can be
seen, the location of the ply transition zone 76 of the primary laminate 50 corresponds to the
location of the ply transition zone 76 of the wrap laminate 58. Likewise, the ply transition
zone 76 of the wrap laminate 58 and primary laminate 50 correspond to the ply transition
zone 76 of the base laminate 54. Even further, the angle transition zone 74 of the wrap
l[aminate 58 corresponds to the angle transition zone 74 of the primary laminate 50.

Referring to Figure 5, shown 1s a sectional illustration of the stringer 26 taken
along line 5-5 of Figure 3 and illustrating the orientation of the first and second webs 30, 32
at the first angle 110. As was earlier indicated, the first angle 110 transitions to the second
angle 112 along the angle transition zone 74. As shown in Figure 5, at least one of the first
and second webs 30, 32 may detine a non-perpendicular orientation at the first angle zone
end 114 relative to the base portion 28. In an embodiment, each one of the first and second
webs 30, 32 may be angled inwardly relative to one another at the first angle zone end 114.
In this contiguration, the hat section 84 of the stringer 26 defines a trapezoidal cross-sectional
configuration. However, the stringer 26 may define any cross sectional configuration,
without limitation, including any closed cross sectional configuration.

Reterring to Figure 6, shown is a sectional illustration taken along line 6-6 of
Figure 3 and illustrating an orientation of the first and second webs 30, 32 at the second angle
zone end 116 of the angle transition zone 74. In this regard, each one of the first and second
webs 30, 32 is 1llustrated as defining a substantially perpendicular orientation relative to the
base portion 28 (1.e., relative to the first and second flanges 36, 38). It should be noted that

although the stringer 26 1s 1llustrated as having a non-perpendicular orientation of the first and
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second webs 30, 32 at the first angle zone end 114 of the angle transition zone 74, the first and
second webs 30, 32 may be oriented substantially perpendicularly relative to the base portion
28 at the first angle zone end 114. Likewise, although the first and second webs 30, 32 are
tllustrated as defining a substantially perpendicular orientation at the second angle zone end
116 of the angle transition zone 74, the first and second webs 30, 32 may define a non-
perpendicular orientation relative to the base portion 28.

Even further, 1t 1s contemplated that the first and second webs 30, 32 may
transition from non-perpendicular orientations relative to the base portion 28 or to different
non-perpendicular orientations relative to the base portion 28. Additionally, the present
disclosure contemplates an orientation of the first web 30 that is different than an orientation
of the second web 32 at any point along the stringer 26 including at any point along the angle
transition zone 74 of the first and second webs 30, 32. However, for purposes of improving
the stability of the first and second webs 30, 32 at a location of the stringer 26 wherein the cap
34 1s removed, the first and second webs 30, 32 may be oriented substantially perpendicularly
relative to the base portion 28.

Referring brietly to Figure 7, shown 1s a sectional illustration taken alone line 7-7
of Figure 3 and 1illustrating an increased thickness tyase center Of the base center 40 at the second
ply zone end 108 within the ply transition zone 76 as compared to the thickness tyaee center Of the
base center 40 at the first ply zone end 106. The increased thickness tyase center Of the base
center 40 1s a result of an incremental increase in the quantity of the wrap plies 60 and base
plies 56 within the within of the ply transition zone 76 as will be described in greater detail
below.

Reterring briefly to Figure 8, shown 1s a sectional illustration taken alone line §-8
of Figure 3 and illustrating a transition of the stringer 26 from a hat section 84 to a dual-blade
section 86. The dual-blade section 86 may be formed by removing at least a portion of the cap
34 along the length of the stringer 26 as is 1llustrated in Figure 3. The cap 34 may preferably
be removed at a location outside of the ply transition zone 76 and the angle transition zone 74
although removal of the cap 34 may occur at any position along the length of the stringer 26.

Reterring to Figures 9A-9D, shown in Figure 9A is a plan view of the stringer 26
along the angle transition zone 74 wherein at least one of the first and second webs 30, 32
transitions from the first angle 110 to the second angle 112. Figure 9B is a cross-sectional
tllustration of the stringer 26 taken at the first angle zone end 114 wherein at least one of the
first and second webs 30, 32 may be oriented at the first angle 110. Figure 9C is a cross-

sectional 1llustration of the stringer 26 taken at the second angle zone end 116 zone wherein
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at least one of the first and second webs 30, 32 may be oriented at the second angle 112.
Figure 9D 1s a schematic illustration of the angle transition zone 74 illustrating an

embodiment of the stringer 26 wherein at least one of the first and second webs 30, 32 may
vary in transition rate. For example, the transition may initiate with the first and second webs
30, 32 being orniented 1in a non-perpendicular relationship relative to the first and second
flanges 36, 38. In an embodiment, the first and second webs 30, 32 may be oriented at a 75
degree angle relative to the base portion 28 although the first angle 110 may comprise any
orientation relative to the base portion 28 and 1s not limited to that which is 1llustrated.
Referring still to Figure 9D, the transition from the first angle 110 to the second
angle 112 may include hinear or non-linear angle transition rates. For example, Figure 9D
1llustrates an 1nitial transition rate of 0.17 degrees per inch of the first 6 inches of the angle
transition zone 74 1n a direction from the first angle zone end 114 to the second angle zone end
116. The transition rate may increase to a higher rate of change such as the illustrated 0.20
degrees per inch transition rate within the next 10 inches of the angle transition zone 74. A
more aggressive transition rate such as the 0.32 degrees per inch transition may be provided
within the next 28 inches of the angle transition zone 74. The angle transition zone 74 may
then provide for a gradual reduction in the transition rate. For example, the next 10 inches
may include a transition rate of 0.20 degrees per inch followed by a transition rate of 0.17
degrees per inch in the final 6 inches of the angle transition zone 74. As may be appreciated,
the transition of the first angle 110 to the second angle 112 may comprise a non-linear
transition rate as indicated above although any combination of linear and non-linear translation
rates may be incorporated into the angle transition zone 74. Furthermore, as was earlier
mentioned, the orientations and transition rates of the first web 30 may be different than the
orientations and transition rates of the second web 32 at any location along the stringer 26.
Referring to Figure 10, shown 1s the primary laminate 50 1n an orientation that has
been flipped vertically relative to the orientation of the primary laminate 50 as shown in
Figure 4 1n order to better illustrate a ply layup 48 of the primary laminate 50 within the ply
transition zone 76. More specifically, Figure 10 tllustrates a plurality of primary plies 52
which make up the primary laminate 50 and which are shown in exaggerated thicknesses in
order to illustrate the incremental or stepwise decrease in the quantity of primary plies 52 from
the first ply zone end 106 of the ply transition zone 76 to the second ply zone end 108 thereof.
Figure 10 turther 1illustrates the primary plies 52 of the primary laminate 50 being disposed on
a cure mold 100 such that the primary ply 52 nearest the cure mold 100 assumes the shape of

the tool surface 68. The primary laminate 50 comprises at least a portion of the first and
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second flanges 36, 38 which collectively define the base portion 28. Likewise, the primary
laminate 50 comprises at least a portion of the first and second webs 30, 32. In this regard, the
primary laminate 50 1s combined with the wrap laminate 58 as illustrated in Figure 11 to form
the first and second webs 30, 32 and the cap 34 of the stringer 26 as will be described 1n
greater detail below.

The primary laminate 50 may also include the angle transition zone 74 wherein at
least one of the first and second webs 30, 32 transitions from the first angle 110 at the first
angle zone end 114 as shown in Figure 9B to the second angle 112 at the second angle zone
end 116 as shown 1n Figure 9C. The angle transition zone 74 1s shown in Figure 10 as being
positioned in series relative to the ply transition zone 76. However, 1t 1s contemplated that the
angle transition zone 74 and the ply transition zone 76 may be placed in partial or complete
overlapping relationship relative to one another. In this regard, for a completely overlapping
relationship of the angle transition zone 74 with the ply transition zone 76, the first and second
webs 30, 32 transition from the first angle 110 to the second angle 112 simultaneous with the
ply layup 48 transitioning from the first ply zone end 106 to the second ply zone end 108.
However, for purposes of the present disclosure, the angle transition zone 74 is illustrated and
described as being in series with and disposed adjacent to the ply transition zone 76. Figure
10 further illustrates a succession of lap splices 72 wherein successive primary plies 52 of the
primary laminate 50 overlap one another as the quantity of primary plies 52 incrementally
decrease or are dropped within the ply transition zone 76. In this regard, although Figure 10
1llustrates the primary plies 52 being decreased or dropped<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>