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METHOD AND APPARATUS FOR
FABRICATING COMPOSITE STRINGERS

BACKGROUND INFORMATION
1. Field

This disclosure generally relates to the fabrication of composite structures, and deals more
particularly with a method and apparatus for forming flat composite charges into reinforcing
substructures, such as blade-type stiffeners, including stiffeners that are contoured and/or have a variable
gauge.

2, Background:

Composite reinforcing substructures such as blade stiffeners, sometimes referred to as blade
stringers, are frequently used in the marine and aircraft industries. These stringers may be fabricated by
combining two or more stiffening members. For example, a stringer have an I-shaped cross section,
sometimes referred to an I-stringer, can be fabricated by combining two members having a C-shaped
cross section, back-to-back. These members may be formed by manually hot drape forming multiple
composite charges over a mandrel or other tool. After forming, the members are placed back-to-back and
co-cured in an autoclave. Fabricating blade stringers using multiple separate charges requires multiple
tools, is relatively labor intensive and may add to manufacturing flow times.

In some applications, stiffeners such as the blade stringers mentioned above, may need to be
contoured along their lengths in order to conform them to a structure such as a contoured aircraft skin, to
which they are to be attached. Difficulty may be encountered, however, when attempting to form highly
contoured stringers using conventional tooling because of the tendency of the plies in the charge to
wrinkle as the charge is being compressed. Accordingly, fabrication of highly contoured stringers using
composites is generally limited to hand layup techniques in which each ply is laid up by hand over a die
or other tool in order to reduce the possibility of ply wrinkling. The hand layup technique is labor
ntensive, and thus costly as well as relatively slow. An added challenge is presented where one or more
arcas of the stringer include ply drop-offs and/or pad-ups in order to conform the stringer to local
contouring of the skin.

Accordingly, there is a need for a method and apparatus for fabricating composite blade stiffeners
such as I-stringers, using a single composite charge formed with relatively simple tooling. There is also a
need for a method and apparatus of the type mentioned above that may be adapted to allow contouring of
the stringer along its length, including localized contouring using ply drop-offs or pad-ups.

SUMMARY

The illustrative embodiments provide a method and apparatus for fabricating blade type stringers

using simplified tooling to form a single composite charge into a desired stringer configuration, such as a

stringer having an I-shaped cross section. Tooling costs and process flow times may be reduced by
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eliminating the need to form multiple charges and assemble multiple stiffener members in order to
achieve the desired stringer configuration.

According to one disclosed embodiment, a method 1s provided of fabricating an I-stringer. A
substantially flat composite charge is placed on a die set, and a stringer hat is formed by press forming the
composite charge into a cavity formed by the die set. A stringer base is formed by press forming the
composite charge against the dies. The die set is used to compress the stringer hat into a stringer web
having a bulb on an end of the web. The I-stringer cap is formed by press forming the bulb within a
recess in the die set. Press forming the bulb within the recess in the die set includes compressing the bulb
between substantially parallel surfaces to form a substantially flat cap, and press forming the bulb within
the recess in the die set includes using a plate to apply pressure to the bulb. Pressure is applied to the bulb
in a direction substantially normal to the stringer base. Forming the stringer base includes press forming
the composite charge against a first end of the die set, and forming the stringer cap includes press forming
the bulb against a second end of the die set opposite the first end. Forming the bulb on the end of the web
includes forming a portion of the web into the recess in the die set. Press forming the charge into the
cavity in the die set is performed using a punch, and compressing the composite charge into a stringer
web is performed by applying lateral pressure on the die set. The method may further comprise locally
heating the bulb to a forming temperature before the bulb is press formed within the recess.

According to another disclosed embodiment, a method is provided of fabricating a composite I-
stringer. A substantially flat composite charge is placed on a die set, and heated to a forming temperature
of the composite charge. A filler is placed on the composite charge, and a stringer hat is formed by press
forming the composite charge and filler into a cavity formed by the die set. The die set is used to
compress the stringer hat into a stringer web, including forming a bulb on an end of the stringer web. A
stringer base is formed by press forming the composite charge against the die set. The bulb is press
formed into a stringer cap containing the filler, and the bulb is compressed within a recess in the die set.
Compressing the bulb within the recess includes compressing the bulb against substantially flat surfaces
of the die set within the recess. Compressing the bulb within the recess is performed using a plate to
press the bulb against the flat surfaces of the die set within the recess. The method may further comprise
heating the composite charge to a forming temperature before the composite charge is compressed into
the cavity in the die set.

According to still another disclosed embodiment, a method is provided of fabricating a composite
I-stringer. A substantially flat positive charge is folded into a partially formed stringer charge having a
bulb, a base and a web extending between the bulb and the base. A first plate is placed against the base,
and die portions are position respectively on opposite sides of the web. Shims are placed on the die
portions on opposite sides of the bulb. The web is compressed using the die portions. The bulb is heated

to its forming temperature. A second plate is placed against the bulb and the bulb is compressed into a
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substantially flat cap by applying pressure to the second plate. Shims are used to control compression of
the bulb into a desired flat cap thickness.

According to a further disclosed embodiment, apparatus is provided for forming a composite
charge into an I-stringer. The apparatus comprises a die set including first and second laterally
displaceable die portions defining a die cavity therebetween which has a recess adjacent to one end
thereof. The apparatus also includes an elongate punch capable of press forming the composite charge
mto the die cavity. The apparatus further comprises an upper plate for press forming the composite
charge against the die set to form a stringer base, and a displaceable press plate for forming the composite
charge within the recess to form a stringer cap. The recess is defined by a substantially flat surface
extending substantially parallel to the press plate. The recess communicates with and extends laterally
outward from the cavity. The apparatus may further comprise a lower plate upon which the first and
second die portions are mounted. The press plate is displaceable relative to the lower plate. The
apparatus may also include a ram connected to the press plate for applying a force to the press plate. The
die set includes an upper surface against which the composite charge is press formed by the upper plate,
and a lower surface in which the recess is located.

According to an aspect of the present disclosure there is provided a method of fabricating a composite
blade stiffener, the blade having a web and a pair of flanges, comprising: forming a substantially flat
charge, placing the charge in a die, placing a heating blanket on the charge in the die, heating the charge
to a forming temperature using the heating blanket, using a punch to form the charge into a hat shape
having the pair of flanges by driving the substantially flat charge into a cavity in a die, applying pressure
to the web of the blade to set a radii, the web being a first portion of the blade which is about vertical
relative to the pair of flanges, which are about horizontal to the web of the blade,withdrawing the punch
from the cavity in the die, loading a plate over the die and covering the pair of flanges, holding the pair of
flanges against the die by forcing the punch against the plate, forming the hat shape into the blade by
using the die to squeeze the hat while the pair of flanges are held against the die, contouring the blade
while a pressure is applied to the web and the pair of flanges, to form a contoured blade, the pressure
being greater than atmospheric pressure, and holding the contoured blade under the pressure until the
contoured blade reaches room temperature. Advantageously the method further further comprising:
contouring the charge along a length of the charge by contouring the die and the punch before the blade is
formed. Advantageously the method further comprising: contouring the charge along a length of the
charge by contouring the die and the punch after the blade is formed. Advantageously the method
further comprising: placing a filler between the pair of flanges after the blade has been formed, reloading
the plate over the pair of flanges and the filler, and compressing the filler by driving the punch down
against the plate then holding the blade under pressure until it has reached room temperature.

According to a further aspect of the present disclosure there is provided a method of

fabricating a contoured composite blade stiffener, comprising: placing a substantially flat composite
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charge on a die having a die cavity, press forming the flat charge against the die, creating a formed
charge, including using a punch to press form the charge into a hat within the die cavity, and contouring
the formed charge by bending the die while the formed charge is in the die. Advantageously the method
wherein the press forming includes: forming a first flange portion and a second flange portion of the
charge against the die while the punch is forming a web portion of the charge into the hat within the die
cavity, wherein the first flange portion, the second flange portion, and the web portion comprise a blade,
applying a pressure to the web portion after the punch is fully engaged, the pressure being greater than
atmospheric pressure, removing the pressure on the web portion and withdrawing the punch from the die
cavity, and using the die to laterally compress the hat, making the web portion about vertical to a surface
and about perpendicular to the first and second flange portions which are about horizontal to the surface.
Advantageously the method wherein contouring the formed charge is performed before using the die to
laterally compress the hat. Advantageously the method wherein contouring the formed charge includes
bending the punch along with the die.

According to a yet further aspect of the present disclosure there is provided a method of
forming a variable gauge contoured composite blade stringer, comprising: providing a substantially flat,
multi-ply composite prepreg charge, placing a first filler on the charge, placing the charge on a die having
two opposite die portions and a die cavity between the two opposite die portions, heating the charge to a
forming temperature, using a punch to drive a first portion of the charge and the first filler into the die
cavity to form a web portion into a hat, using a first plate to compress second portions of the charge
against the die to form flange portions of the stringer as the hat is being formed by the punch, applying
pressure to the web portion after the punch is fully engaged, releasing the pressure to the web portion and
retracting the punch from the die cavity, loading a second plate over the flange portions of the stringer,
holding the flange portions against the die by using the punch to apply pressure to the second plate, using
a pair of pressurized hoses to respectively apply lateral pressure to the die portions, using the die portions,
laterally compress the hat between the die portions, creating a formed charge, contouring the formed
charge by contouring each of the punch and the die along their respective lengths while the web portion is
under pressure, removing the second plate, placing a second composite filler in a groove between the
flange portions, applying an adhesive and a fabric layer over the second filler, reloading the second plate
over the flange portions, overlying the second filler, the adhesive and the fabric layer, using the punch to
apply pressure to the second plate and compress the second filler, the adhesive, and the fabric layer,
retracting the punch after the formed and contoured blade has reached room temperature, making a
formed stringer; removing the second plate, moving the die portions away from each other, and removing
the formed stringer from the die.

According to a yet further aspect of the present disclosure there is provided an apparatus
apparatus for forming a composite charge into a contoured blade stringer, comprising: an elongate punch

flexible along a respective first length, an elongate die flexible along a respective second length against
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which a substantially flat composite charge may be press formed by the punch, a first flexible plate
backing the punch and a second flexible plate backing the die, and a contour changing mechanism
coupled with the first flexible plate and the second flexible plate for changing a local contour of the punch
and the die. Advantageously the apparatus wherein the punch is substantially flat and includes a
plurality of individual punch segments. Advantageously the apparatus wherein the die includes two die
portions, a first die portion and a second die portion spaced apart from the first die portion, and a die
cavity between the first die portion and the second die portion, the die cavity being configured to receive
the punch. Advantageously the apparatus wherein the first die portion and the second die portion are
laterally displaceable toward each other for squeezing the charge between the two die portions, and the
apparatus further comprises: expandable members for applying a lateral force on the two die portions that
squeeze the charge. Advantageously the apparatus wherein the expandable members include a pair of
inflatable hoses located respectively on opposite sides of the two die portions, the pair of inflatable hoses
being configured to be coupled with a source of pressurized air. Advantageously the apparatus further
comprising: at least one shim configured to engage the charge and having a contour generally matching
the local contour in the charge. Advantageously the apparatus further comprising: a press coupled with
the first plate and the second plate for contouring the plates while the charge is between the punch and the
die. Advantageously the apparatus further comprising: a third plate removably installable between the
die and the punch for holding a portion of the charge during forming of the charge.

According to a yet further aspect of the present disclosure there is provided an apparatus
for forming a variable gauge contoured composite blade stringer, comprising: a first elongate flexible
plate spaced apart from a second elongate flexible plate, a die mounted on a surface of the first plate
facing the second plate, the die including first and second die portions having a die cavity therebetween,
each of the first and second die portions being segmented into a plurality of independently movable die
blocks slidable on the first plate, the die further including flexible straps coupling the die blocks together,
a pair of brackets secured to the first plate on opposite sides of the die for laterally retaining the die
blocks, a pair of hoses respectively between the die blocks and the brackets configured to be coupled with
a source of pressurized air for applying a lateral force on the die portions, a first tapered shim between
each of the die portions and the first plate for transmitting constant force to areas of a charge having
thickness variations as the charge is being formed, a substantially flat, elongate punch mounted on and
extending substantially perpendicular to the second plate for forming a portion of the charge into the die
cavity, the punch being segmented into a plurality of independently movable punch portions, a second
tapered shim on each side of the punch and secured to the second plate for transmitting constant force to
areas of the charge having thickness variations as the charge is being formed, and a plurality of actuators
coupled with the first plate and the second plate for forming the punch and the die into a desired contour

by bending the first plate and the second plate.
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According to an aspect of the present disclosure there is provided a method of fabricating
an I-stringer, comprising: placing a substantially flat composite charge on a die set, forming a stringer hat
by press forming the composite charge into a cavity in the die set, forming a stringer base by press
forming the composite charge against the die set, using the die set to compress the stringer hat into a
stringer web, including forming a bulb on an end of the web, and forming a stringer cap by press forming
the bulb within a recess in the dic set. Advantageously the method wherein press forming the bulb
within the recess in the die set includes compressing the bulb between substantially parallel surfaces to
form a substantially flat cap. Advantageously the method wherein press forming the bulb within the
recess in the die set includes using a plate to apply pressure to the bulb. Advantageously the method
wherein the pressure is applied to the bulb in a direction substantially normal to the stringer base.
Advantageously the method wherein: forming the stringer base includes press forming the composite
charge against a first end of the die set, and forming the stringer cap includes press forming the bulb
against a second end of the die set opposite the first end. Advantageously the method wherein forming
the bulb on the end of the web includes forming a portion of the web into the recess in the die set.
Advantageously the method wherein: press forming the charge into the cavity in the die set is
performed using a punch, and compressing the composite charge into a stringer web is performed by
applying lateral pressure on the die set. Advantageously the method further comprising: locally heating
the bulb to a forming temperature before the bulb is press formed within the recess.

According to a further aspect of the present disclosure there is provided a method of
fabricating a composite I-stringer, comprising: placing a substantially flat composite charge on a die set,
placing a filler on the composite charge, forming a stringer hat by press forming the composite charge and
filler into a cavity in the die set, using the die set to compress the stringer hat into a stringer web,
including forming a bulb on an end of the stringer web, forming a stringer base by press forming the
composite charge against the die set, and press forming the bulb into a stringer cap containing the filler,
mcluding compressing the bulb within a recess in the die set. Advantageously the method wherein
compressing the bulb within the recess includes compressing the bulb against substantially flat surfaces of
the die set within the recess. Advantageously the method wherein compressing the bulb within the
recess is performed using a plate to press the bulb against the flat surfaces of the die set within the recess.
Advantageously the method further comprising: heating the composite charge to a forming temperature
before the composite charge is compressed into the cavity in the die set. Advantageously the method
wherein locally re-heating the bulb is performed after the stringer hat has been compressed into the
stringer web.

According to a yet further aspect of the present disclosure there is provided a method of
fabricating a composite I-stringer, comprising: folding a substantially flat charge into a partially formed
stringer charge having a bulb, a base and a web extending between the bulb and the base,placing a first

plate against the base, positioning die portions respectively on opposite sides of the web, placing shims on
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the die portions on opposite sides of the bulb, compressing the web using the die portions, heating the
bulb to its forming temperature, placing a second plate against the bulb, compressing the bulb into a
substantially flat cap by applying pressure to the second plate, and using the shims to control compression
of the bulb into a desired flat cap thickness.

According to a yet further aspect of the present disclosure there is provided an apparatus
for forming a composite charge into an I- stringer, comprising: a die set including first and second
laterally displaceable die portions defining a die cavity therebetween, the die portions having a recess
adjacent to one end of the die cavity, an elongate punch capable of press forming the composite charge
mto the die set cavity, an upper plate for press forming the composite charge against the die set to form a
stringer base; and, a displaceable for press plate forming the composite charge within the recess to form a
stringer cap. Advantageously the apparatus wherein the recess is defined by a substantially flat surface
extending substantially parallel to the press plate. Advantageously the apparatus wherein the recess
communicates with and extends laterally outward from the cavity. Advantageously the apparatus
further comprising: a lower plate upon which the first and second die portions are mounted, and wherein
the press plate is displaceable relative to the lower plate. Advantageously the apparatus further
comprising: a ram connected to the press plate for applying a force to the press plate. Advantageously
the apparatus wherein the die set includes an upper surface against which the composite charge is press

formed by the upper plate, and the die portion includes a lower surface in which the recess is located.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the advantageous embodiments are set forth in the
appended claims. The advantageous embodiments, however, as well as a preferred mode of use, further
objectives and advantages thereof, will best be understood by reference to the following detailed
description of an advantageous embodiment of the present disclosure when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 is an illustration of a side view of a contoured composite blade stringer fabricated with the
disclosed method and apparatus.

FIG. 2 is an illustration of a sectional view taken along the line 2-2 in FIG. 1.

FIG. 3 is an illustration similar to FIG. 2, but showing an alternate form of the stringer.

FIG. 4 is an illustration of a perspective view of tooling apparatus used to form a substantially flat
charge into the blade stringers shown in FIGS. 1-3.

FIG. 5 is an illustration of a sectional view taken along the line 5-5 in FIG. 6, but showing a
charge being formed.

FIG. 6 1s an illustration of a sectional view taken along the line 6-6 in FIG. 5.

FIG. 6A is a plan view of a portion of a blade having a pad-up, showing how the die blocks shift

to conform to the contours of the blade during the forming process.
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FIG. 7 is an illustration of a plan view of a die and punch contour changing mechanism
employing the tooling apparatus shown in FIG. 4.

FIG. 8 is an illustration of a flow diagram of a method of fabricating the contoured blade stringer
shown in FIGS. 1 and 2.

FIGS. 9-25 are diagrammatic illustrations of the tooling apparatus shown in FIG. 4, respectively
showing the sequential steps of the fabrication method shown in FIG. 8.

FIG. 26 is an illustration of a flow diagram of a method of fabricating the contoured blade
stringer shown in FIG. 3.

FIGS. 27-43 are diagrammatic illustrations of the tooling apparatus shown in FIG. 4, respectively
showing the sequential steps of the fabrication method shown in FIG. 26.

FIG. 44 is an illustration of a flow diagram of aircraft production and service methodology.

FIG. 45 is an illustration of a block diagram of an aircraft.

FIG. 46 is a flowchart of a method for fabricating the contoured blade stringer shown in FIGS. 1
and 2, according to an advantageous embodiment.

FIG. 47 1s a flowchart of a method for fabricating a composite blade stiffener shown in FIGS. 1
and 2, according to an advantageous embodiment.

FIGS. 48A-48B are a flowchart of a method for fabricating a composite blade stiffener shown in
FIGS. 1 and 3, according to an advantageous embodiment.

FIG. 49 is an illustration of an end view of an I-stringer.

FIG. 50 is an illustration of a cross-sectional view of apparatus for forming a flat composite
charge into the I-stringer shown in FIG. 49, the punch being shown in a withdrawn position and a flat
composite charged having been placed on the die set.

FIG. 51 1is illustration similar to FIG. 50 but showing the punch having pressed formed the
composite charge partially into the die cavity.

FIG. 52 is an illustration similar to FIG. 51, but showing the punch having fully press formed the
composite charge into a stringer hat.

FIG. 53 1is an illustration similar to FIG. 52, but showing the punch having been withdrawn and
an upper press plate about to be installed on the die set.

FIG. 54 is an illustration similar to FIG. 53 but showing a later stage of the process in which the
stringer hat has been collapsed into a stringer web with a bulb formed on one end thereof.

FIG. 55 is an illustration of the area designated as “FIG. 55” in FIG. 54, better showing the bulb
formed within a die recess and localized re-heating of the bulb.

FIG. 56 is an illustration similar to FIG. 54, but showing the bulb having been pressed formed
mnto a flat stringer cap within the die recess.

FIG. 57 is an illustration similar to FIG. 56 but showing a later stage of the process in which the

apparatus has been disassembled to allow removal of the I-stringer.
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FIG. 58 is an illustration of a flow diagram of a method of fabricating an I-stringer.

FIG. 59 is illustration of an alternate embodiment of the apparatus, showing a flat composite
charge having been placed on the die set in preparation for stringer forming operation.

FIG. 60 1s illustration similar to FIG. 59 but showing the punch having been forced into the die
cavity to press form the charge into a stringer hat and stringer base.

FIG. 61 is illustration similar to FIG. 60 but showing a later stage of the process in which the
punch and an upper plate are used to apply pressure to the stringer base.

FIG. 62 is illustration showing a subsequent stage of the process in which the stringer hat has
been collapsed into a stringer web having a bulb on the end thereof.

FIG. 63 is an illustration similar to FIG. 62, but showing the bulb having been press formed into a
stringer cap by a press plate.

FIG. 64 is an illustration of tooling used to form the bulb into a flat cap according to an alternate
method embodiment.

FIG. 65 is illustration of a flow diagram of an alternate method of forming a flat composite
charge into an I-stringer.

DETAILED DESCRIPTION

Referring first to FIGS. 1 and 2, the disclosed embodiments relate to a method and apparatus for
fabricating an elongate, composite stiffener, such as a blade type stringer 50 having a substantially flat
blade 52 and a flange 54 extending substantially perpendicular to the blade 52. The flange 54 includes a
pair of flange portions 54a laterally extending from one end of the blade 52, and connected to the blade
52 by a radius section 60. The blade stringer 50 may have one or more contours 58 along its length. In
the illustrated embodiment, the stringer 50 has a substantially constant contour 58 in the curved plane 56
of a flange 54. In other embodiments, the stringer 50 may have one or more of the contours 58 which
may or may not be of constant curvature. Also, as will be discussed later in more detail, the flange 54
may have a variable gauge or thickness T, at one or more locations along its length in order to conform
the stringer 50 to localized contours of a structure to which it is attached, such as an aircraft skin 61.
Also, the thickness T, and/or a height H of the blade 52 may vary along the length of the stringer 50.

The disclosed method and apparatus may be used to fabricate other configurations of blade-type
stringers 50, such hybrid-I stringer 50a shown in FIG. 3. Stringer 50a comprises a blade 52 having an
angularly shaped outer end 62, and a flange 54. The blade end 62 includes a triangularly shaped,
composite filler 64, however other filler shapes are possible. The flange 54 includes a V-shaped groove
57 at the intersection of flange portions 54a with the blade 52. The groove 57 is filled with a composite
filler 66 having a triangularly shaped cross section substantially matching that of the groove 57. Each of
the fillers 64, 66 may comprise an adhesive that may or may not be reinforced with fibers, or

alternatively, may comprise strips (not shown) of prepreg tape.
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FIGS. 4-6 illustrate tooling apparatus 68 that may be employed to form the stringers shown in
FIGS. 1-3 using a single, substantially flat, multi-ply composite charge 55. The charge may comprise
multiple plies 59 of composite material, such as, without limitation, a carbon fiber epoxy prepreg, and
may include pad-up plies 98 to conform the flange 54 (FIG. 2) of the stringer 50 to local contours, such as
local contours of the skin 61. The tooling apparatus 68 broadly comprises a lower die 70, an upper punch
88 and a pair of flexible plates 72, 74, upon which the die 70 and punch 88 are respectively mounted. Die
70 comprises a pair of die portions 70a, 70b which are spaced apart to form a die cavity 86 and are
slideable, substantially laterally, toward and away from each other on plate 72. Each of the die portions
70a, 70b is segmented at 75 and comprises a plurality of die blocks 76 which, in the illustrated example
have a generally rectangular cross section, however other cross sectional shapes are possible.

The die blocks 76 are aligned in side-by-side relationship along the length of the plates 72, 74 and
are joined together by flexible connectors 78 which may comprise, for example and without limitation, a
flexible metal strap. The die blocks 76 are mounted on plate 72 and are interconnected by connectors 78
such that their respective axes remain neutral during the forming and contouring of the charge 55. The
die blocks 76 may comprise any suitable, relatively rigid material, such as wood, metal, ceramic or a
composite, and include inner forming surfaces 76a and upper forming surfaces 76b. A pair of L-shape,
elongate brackets 82 are mounted on the plate 72, on opposite sides of die 70, and function to both retain
the die blocks 76 on the plates 72 as well as react lateral forming forces generated by the die blocks 76. A
pair of inflatable hoses 84, sometimes referred to as bags or bladders, are sandwiched between the
brackets 82 and the die blocks 76, which are adapted to be coupled with a suitable source of pressurized
air (not shown). The hoses 84 may be selectively pressurized in order to apply a lateral force on the die
blocks 76 during forming and/or contouring operations. Other mechanisms, however, may be provided to
apply lateral force to the die blocks 76.

The punch 88 is substantially flat and includes slits 90 that segment the punch 88 into a plurality
of punch portions 92 that allow the punch 88 to flex along its length in a plane (not shown) that is
substantially perpendicular to the plane 56 (FIGS. 1 and 2) of the flange 54. The punch 88 may be
formed of any suitable rigid material, such as metal, ceramic or a composite.

As previously mentioned, the stringer 50 may have a variable flange thickness T; in localized
areas along its length in order to conform the stringer 50 to local contours of the skin 61 (FIG. 1). In
order to accommodate these thickness variations so that constant pressure is applied to the charge 55 in
these localized areas, suitable contoured lower and upper shims 80, 94 respectively may be provided. For
example, as shown in FIGS. 4 and 6, the charge 55 may include pad-up plies 98 in the area of the flange
portions 54a (FIG. 2). In order to assure that substantially even forming pressure is applied over the area
of the pad-up plies 98, the upper shims 94 includes a contour 96 that substantially conforms to the cross
sectional shape of the pad-up plies 98. Although not shown in the Figures, the lower shims 80 may also

contain one or more contours along their lengths beneath the die blocks 76 in order to accommodate
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thickness variations in the flange portions 54a of the stringer 50. Also, the lower shim 80 may be tapered
(not shown) in the area beneath the die cavity 86 (FIG. 4) in order to alter the blade height along its
length. The shims 80, 94 may be formed of any substantially non-compressible material that will transmit
force to the charge 55, yet is flexible to the degree necessary to allow the shims 80, 94 to bend during
contouring of the tooling apparatus 68.

Referring to FIG. 6A, as previously mentioned, the thickness T, of the stringer blade 52 may vary
along its length. For example, the blade 52 may have local pad-ups 97 which increase the blade thickness
T,. During the forming process, the die blocks 76 in the area 99 of the pad-up 97 slide 101 laterally
outward on the lower plate 72, so as to conform to the contour presented by the pad-up 97, and maintain
substantially constant forming pressure on blade 52.

FIG. 7 illustrates a die and punch contour changing mechanism 105 incorporating the tooling
apparatus 68 shown in FIGS. 4-6. The die and punch contour changing mechanism 105 may comprise,
for example and without limitation, a press 105. A plurality of individual, spaced apart actuators 100 are
respectively mounted on opposing press plates 104 which are adapted for movement toward and away
from each other, as shown by the arrows 106. The tooling apparatus 68 is disposed between the press
plates 104. The press plates 104 may be coupled with suitable power operated mechanisms such as
cylinder actuators (not shown) for displacing the press plates 104, which open and close the tooling
apparatus 68 during a charge forming operation. Each of the actuators 100 includes a plunger 102
coupled with one of the plates 72, 74 that applies a force to the plates 72, 74, in order to bend the plates
72, 74 which in turn longitudinally contours the tooling apparatus 68, and thus the formed charge 55.
Other mechanisms may be employed to longitudinally contour the tooling apparatus 68 such as that
disclosed in US Patent Publication 20100102482 published April 29, 2010.

Attention is now directed to FIG. 8 which describes the individual steps of a method of
fabricating contoured blade stringers; these steps are also sequentially shown, in diagrammatic form, in
FIGS. 9-25. Beginning at step 110, a substantially flat, multi-ply composite charge 55 is loaded 146 onto
the die blocks 76 (FIG. 9), with punch 88 in a raised position. A central blade portion 52 of the charge 55
overlies die cavity 86, and the outer flange portions 54a of the charge 55 extend laterally beyond the die
blocks 76. Strips of adhesive 148 may be placed on the charge 55, cither before or after the charge 55 is
loaded onto the die blocks 76. Next, as shown at 112 in FIG. 8§, a heating blanket 150 (FIG. 10) is loaded
152 onto the charge 55. Next, at 114, the charge is heated (FIG. 11) using the heating blanket 150,
thereby softening the charge 55 to a suitable forming temperature. Other types of heating devices may be
used to heat the charge 55, including but not limited to radiant and inductive type heaters (not shown). At
step 116, the heating blanket 150 is unloaded at 154, as shown in FIG. 12. At step 118, a blade portion 52
of the charge 55 is formed into a hat 156 (FIG. 13) by forcing 158 the punch 88 into the die cavity 86. As
the hat 156 is being formed as shown in FIG. 13, a first intermediate level of pressure P1 is applied to the
die blocks 76 by the hoses 82 in order to maintain the die blocks 76 loaded against the charge 55.
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However this intermediate level of pressure P1 is less than the laterally outward pressure developed by
the punch 88, consequentially although loaded against the hat 156, the die blocks 76 move laterally
outwardly 168 until the hat section 156 is fully formed within the cavity 86.

Next, at step 120, while laterally inward pressure P1 is maintained against the hat 156 by the die
blocks 76 (FIG. 14), the top plate 74 applies pressure 164 to the flange portions 54a, forming the latter
down against the die blocks 76. Optionally, at step 122, the partially formed charge 55 is contoured (FIG.
15) by contouring 85 the tooling apparatus 68 while laterally inward pressure P1 continues to be
maintained on the hat 156 by the die blocks 76. Contouring 85 of the tooling apparatus 68 may be
performed by the press shown in FIG. 7 previously described which bends the plates 72, 74 in a plane
(not shown) that is substantially parallel to the plane 56 of the flange 54 (see FIGS. 1 and 2). As plates
72, 74 are bent into a desired curvature, both the punch 88 and the die 78 flex and conform to the
curvature of the plates 72, 74. As previously described in connection with FIGS. 4-6, the upper and lower
shims 80, 94 maintain substantially constant forming pressure on the flange portions 54a as the tooling
apparatus 68 is being contoured 85 to the desired shape.

At step 124 in FIG. 8, the punch 88 is retracted from the die cavity 86 (FIG. 16). Next, at step
126, a substantially flat plate 160 (FIG. 17) is loaded 162 onto the flange portions 54a. At step 128, the
punch 88 is forced 158 (FIG. 18) into contact with the plate 160, thereby loading the plate 160 against the
flange portions 54a, thereby immobilizing the flange portions 54a. Next, at step 130, while the flange
portions 54a are held in place against the die blocks 76 by the force applied by the plate 160 and the
punch 88, pressure P2 (FIG. 19) is applied to the die blocks 76 by the hoses 84 which squeeze the hat 156
into a blade 52. The pressure P2 is a forming pressure that is greater than pressure P1 applied to the die
blocks 76 during steps 118-122.

At step 134 shown in FIG. 8, the punch 88 is retracted 180 (FIG. 20), and the plate 160 is
removed 167 leaving a V-shaped groove 165 between the flange portions 54a. At step 136 shown in FIG.
8, a composite filler 66 is placed in the groove 165, as shown in FIG. 21. Next, at step 138, a strip of
adhesive 174 (FIG. 22) and a layer of fabric 172 are placed over the filler 66. At step 140, plate 160 is
reloaded, overlying the flange 54 (FIG. 23). Then, as shown in step 142, the fabric layer 172, adhesive
strip 174 and the filler 66 are compressed by displacing the punch downwardly as shown in FIG. 24 into
contact with plate 160. Finally, at step 144, and is shown in FIG. 25, the punch 88 is retracted 180, the
plate 160 is removed 184, allowing the fully formed blade stringer 50 to be withdrawn from the tooling
apparatus 68.

It should be noted here that in the method embodiment just described, contouring of the tooling
apparatus 68 is performed when the charge 55 is in a partially formed state as shown in FIG. 15.
Alternatively, however, the charge 55 may be contoured at step 132, after the hat 156 has been
compressed into the blade 52 shown in FIG. 19. Contouring of the tooling apparatus 68 is optional and

not required when using the tooling apparatus 68 to form substantially straight stringers (not shown).
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When stringer contouring is not required, it is not necessary to perform steps 122-132. In either case, the
disclosed method may advantageously allow ply slippage during the forming and/or contouring processes
which may reduce ply wrinkling and result in finished parts that have superior characteristics and/or
exhibit improved performance. Furthermore, in another embodiment, contouring of the charge 55 along
its length is performed after the blade portion 52 is formed, but prior to forming the flange portions 54a
onto the die blocks 76. The filler 66 is placed in the groove 165 after the flange portions 54a have been
formed on the contoured blade portion 52. This latter mentioned method embodiment may facilitate the
contouring process, particularly where more highly contoured stringers 50 are being fabricated, resulting
i improved part quality with less wrinkling and/or easier contouring of the charge 55.

Attention is now directed to FIG. 26, along with related FIGS. 27-43 which illustrate steps of a
method of fabricating a hybrid type blade stringer 50a, such as that shown in FIG. 3. As can be seen from
FIGS. 27-43, the tooling apparatus 68 use to fabricate the stringer 50a shown in FIG. 3 is substantially
similar to that previously described, with two exceptions. Specifically, as shown in FIG. 27, the end of
the punch 88 includes a generally V-shaped groove 88a along the length of the punch 88 which
substantially matches the size and shape of a triangular filler 64. Additionally, each of the die blocks 78
includes a bevel or chamfer 155 along a bottom edge which assists in forming the angularly shaped outer
end 62 of the blade 52 shown in FIG. 3.

Referring now to FIG. 26, at step 188 a substantially flat composite charge 55 (FIG. 27) is loaded
220 onto the die blocks 76. Strips of adhesive 148 may be applied to the charge 55, following which the
upper filler 64 is placed over the central adhesive strip 148. Next, at 190, a heating blanket 150 (FIG. 28)
is loaded 222 onto the charge 55. At step 192 in FIG. 26, the blanket 150 is used to heat the charge 55
(FUG. 29) to a suitable forming temperature. At step 194 in FIG. 26 the blanket 150 is unloaded 224, as
shown in FIG. 30. At step 196 the punch 88 is displaced downwardly into the die cavity 86 (FIG. 31) to
form the charge 55 into a hat 156. As the punch 88 continues to move downwardly through the cavity 86,
the upper plate 74 comes into contact with the flange portions 54a, and forms the latter down against the
die blocks 76. During step 196, lateral pressure P1 is applied to the die blocks 76 by the inflatable hoses
82 (see FIGS. 4 and 5).

At step 198, the punch 88 is retracted (FIG. 33) and at step 200, a substantially flat plate 160
(FIG. 34) is loaded 226 onto the flange portions 54a of the partially formed charge 55. At step 202, the
punch 88 is loaded against the plate 160 (FIG. 35) which applies pressure to the flange portions 54a to
hold them against the die blocks 76. At 204, lateral pressure P2 is applied (FIG. 36) by the hoses 84 to
the die blocks 76, causing the die blocks 76 to compress the hat 156 (FIG. 35) into a blade 52.

Next, at step 206 and as shown in FIG. 37, the punch 88 is removed the plate 74 and formed
stringer 52 may be optionally contoured 85 by contouring the tooling apparatus 68 using a press such as

that shown in FIG. 7 which applies a pressure 164 to the plates 72, 74 to bend the plates 72 74 to the
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desired contour. During the contouring 85 of the tooling apparatus 68 in step 206, lateral inward pressure
P2 is maintained on the die blocks 76 by the hoses 84.

Following contouring of the stringer 52 at step 206, the punch 88 is retracted 180 as shown at
208, and the plate 160 is removed 228. At step 210 in FIG. 26, a lower filler 66 (FIG. 39) is loaded into
the groove 165 between the flange portions 54a. Next, as shown in step 212 in FIG. 26, a strip of
adhesive 148 and a layer of fabric 225 is placed over the filler 66 (see FIG. 30). As shown in step 214 in
FIG. 26, the plate 160 is reloaded 230 onto the flange portions 54a (FIG. 41). At 216, the punch 88 is
displaced downwardly into contact with the plate 160 which compresses the fabric layer 225 and adhesive
148 against the filler 66. During step 216, pressure P1 is maintained on the die blocks 76. Finally, at step
218 in FIG. 26, the punch 88 is retracted 180 (FIG. 43), the plate 160 is removed 232 and the completed
stringer 52 is withdrawn from the tooling apparatus 68.

As previously mentioned, contouring of the tooling apparatus 68 is optional when carrying out
the method shown in FIGS. 26-43, and is not required when using the tooling apparatus 68 to form
substantially straight stringers (not shown) having the hybrid-I shape shown in FIG. 3. When stringer
contouring is not required, it is not necessary to perform steps 198-206. In the embodiment described in
connection with FIGS. 27-43, contouring of the “blade portion 52 is performed after the flange portions
54a have been formed. Alternately, however, it may be preferable in other embodiments to form the
flange portions 54a after the blade portions 52 have been formed, following which the upper filler 66 may
be installed. By contouring the charge 55 before the flange portions 54a have been formed, the
contouring process may be easier and/or part quality may be improved.

Embodiments of the disclosure may find use in a variety of potential applications, particularly in
the transportation industry, including for example, aerospace, marine, automotive applications and other
application where automated layup equipment may be used. Thus, referring now to FIGS. 44 and 45,
embodiments of the disclosure may be used in the context of an aircraft manufacturing and service
method 236 as shown in Figure 44 and an aircraft 238 as shown in Figure 45. Aircraft applications of the
disclosed embodiments may include, for example, without limitation, layup of stiffener members such as,
without limitation spars and stringers. During pre-production, exemplary method 236 may include
specification and design 240 of the aircraft 238 and material procurement 242. During production,
component and subassembly manufacturing 244 and system integration 246 of the aircraft 238 takes
place. Thereafter, the aircraft 238 may go through certification and delivery 248 in order to be placed in
service 250. While in service by a customer, the aircraft 238 is scheduled for routine maintenance and
service 250, which may also include modification, reconfiguration, refurbishment, and so on.

Each of the processes of method 236 may be performed or carried out by a system integrator, a
third party, and/or an operator (e.g., a customer). For the purposes of this description, a system integrator

may include without limitation any number of aircraft manufacturers and major-system subcontractors; a
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third party may include without limitation any number of vendors, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity, service organization, and so on.

As shown in FIG. 45, the aircraft 238 produced by exemplary method 236 may include an
airframe 254 with a plurality of systems 256 and an interior 258. Examples of high-level systems 256
include one or more of a propulsion system 260, an electrical system 262, a hydraulic system 264, and an
environmental system 266. Any number of other systems may be included. Although an aerospace
example is shown, the principles of the disclosure may be applied to other industries, such as the marine
and automotive industries.

Systems and methods embodied herein may be employed during any one or more of the stages of
the production and service method 236. For example, components or subassemblies corresponding to
production process 244 may be fabricated or manufactured in a manner similar to components or
subassemblies produced while the aircraft 238 is in service. Also, one or more apparatus embodiments,
method embodiments, or a combination thereof may be utilized during the production stages 244 and 246,
for example, by substantially expediting assembly of or reducing the cost of an aircraft 238. Similarly,
one or more of apparatus embodiments, method embodiments, or a combination thereof may be utilized
while the aircraft 238 is in service, for example and without limitation, to maintenance and service 252.

Attention is now directed to FIG. 46. FIG. 46 is a flowchart of a method for fabricating the
contoured blade stringer shown in FIGS. 1 and 2, according to an advantageous embodiment. Thus, FIG.
46 describes a method of fabricating contoured blade stringers. These steps are also sequentially shown,
in diagrammatic form, in FIGS. 9-25. Method 300 further includes additional material.

Method 300 may begin with loading a flat charge (operation 310). For example, a substantially
flat, multi-ply composite charge 55 is loaded 146 onto the die blocks 76, as shown in FIG. 9, with punch
88 in a raised position. A central blade portion 52 of charge 55 may overlie die cavity 86, and the outer
flange portions 54a of charge 55 may extend laterally beyond die blocks 76. Strips of adhesive 148 may
be placed on charge 55, either before or after charge 55 is loaded onto die blocks 76.

Next, a heating blanket is loaded (operation 312). For example, heating blanket 150 of FIG. 10
may be loaded 152 onto charge 55.

Next, the charge is heated (operation 314). For example, charge 55 of FIG. 11 may be heated
using heating blanket 150, thereby softening charge 55 to a suitable forming temperature. Other types of
heating devices may be used to heat charge 55, including but not limited to radiant and inductive type
heaters (not shown).

Next, the heating blanket is unloaded (operation 316). For example, heating blanket 150 of FIG.
12 may be unloaded at 154.

Then, the hat is formed and the punch is displaced into the die (operation 318). For instance,
blade portion 52 of charge 55 may be formed into hat 156 of FIG. 13 by forcing 158 punch 88 into die
cavity 86. As hat 156 is being formed, a first intermediate level of pressure P1 is applied to die blocks 76
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by hoses 84 in order to maintain die blocks 76 loaded against charge 55. However this intermediate level
of pressure P1 is less than the laterally outward pressure developed by punch 88, consequentially
although loaded against hat 156, die blocks 76 may move laterally outward 168 until hat section 156 is
fully formed within die cavity 86.

Next, the hat is squeezed while pressure is applied to the flanges (operation 320). For example,
while laterally inward pressure P1 of FIG. 14 is maintained against hat 156 by die blocks 76, the top plate
74 may apply pressure 164 to flange portions 54a, forming flange portions 54a against the die blocks 76.

Next, the punch is retracted (operation 324). For example, punch 88 may be retracted from the
die cavity 86 of FIG. 16.

Next, the plate is loaded (operation 326). For example, substantially flat plate 160 of FIG. 17
may be loaded 162 onto the flange portions 54a.

Then the flanges are held by applying added pressure to the plate (operation 328). For example,
punch 88 of FIG. 18 may be forced 158 into contact with plate 160, thereby loading plate 160 against
flange portions 54a and consequently immobilizing flange portions 54a.

Next, the hat webs are compressed (operation 330). For example, while the flange portions 54a
of FIG. 19 are held in place against the die blocks 76 by the force applied by plate 160 and punch 88,
pressure P2 may be applied to die blocks 76 by hoses 84 which squeeze hat 156 into a blade 52. The
pressure P2 is a forming pressure that is greater than pressure P1 applied to die blocks 76 during
operations 318-320, and optionally, operation 332.

Next, optionally, contour stringer by contouring tooling and maintain forming pressures
(operation 332). For instance, partially formed charge 55 of FIG. 15 may be contoured by contouring 85
the tooling apparatus 68 while laterally inward pressure P1 continues to be maintained on hat 156 by die
blocks 76. Contouring 85 of tooling apparatus 68 may be performed by the press shown in FIG. 7
previously described which bends plates 72, 74 in a plane (not shown) that is substantially parallel to the
plane 56 of the flange 54 (see FIGS. 1 and 2). As plates 72, 74 are bent into a desired curvature, both
punch 88 and die 78 flex and conform to the curvature of plates 72, 74. As previously described in
connection with FIGS. 4-6, the upper and lower shims 80 and 94 may maintain substantially constant
forming pressure on flange portions 54a as tooling apparatus 68 is being contoured 85 to the desired
shape.

Next, the punch is retracted and the plate removed (operation 334). For example, punch 88 of
FIG. 20 may be retracted 180, and plate 160 removed 167 leaving a V-shaped groove 165 between flange
portions 54a.

Next, filler is loaded (operation 336). For instance, composite filler 66 of FIG. 21 may be placed
n groove 165.

Then, adhesive and fabric is applied over filler (operation 338). For example, strip of adhesive

174 and layer of fabric 172 may be placed over filler 66 of FIG. 22.
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Next, the plate is loaded (operation 340). For instance, plate 160 may be reloaded in FIG. 23,
overlying flange 54.

Next, the fabric, adhesive, and filler is compressed by loading the punch against the plate and
maintaining lateral pressure on the compressed hat webs (operation 342). For example, fabric layer 172,
adhesive strip 174, and filler 66 may be compressed in FIG. 24 by displacing the punch downwardly into
contact with plate 160.

Finally, the punch is retracted, the plate is removed, and stringer withdrawn after it has reached
room temperature (operation 344). For example, punch 88 of FIG. 25 may be retracted 180 and plate 160
may be removed 184, allowing the fully formed blade stringer 50 to be withdrawn from tooling apparatus
68 after it has reached room temperature.

Allowing the stringer 50 to cool down to room temperature while being constrained, before
withdrawing the stringer 50 from the tooling apparatus 68, is important because this eliminates the
formation of horizontal wrinkles for contoured stringers. By not performing this step, horizontal wrinkles
may form in the web for contoured stringers. As used by those of ordinary skill in the art, and as used in
the description herein, “a web” refers to the blade portion of the stringer. The blade of a stringer
generally includes two flanges and a web, with the web being the portion of the blade that is basically
vertical and the flanges resting on the skin and being basically horizontal.

Method 300, described above in detail, involves contouring of the tooling apparatus 68 when the
charge 55 18 in a partially formed state as shown in FIG. 15. Alternatively, however, the charge 55 may
be contoured such as, for example, at operation 332 of method 300, after hat 156 of FIG. 19 has been
compressed into blade 52. Contouring of the tooling apparatus 68 is optional and not be required when
using tooling apparatus 68 to form substantially straight stringers (not shown). When stringer contouring
18 not required, it may not be necessary to perform all the steps of method 300.

In either case, the disclosed method may allow ply slippage during the forming and/or contouring
processes, which in turn may reduce ply wrinkling and result in finished parts that have superior
characteristics and/or exhibit improved performance. Furthermore, in another embodiment, contouring of
charge 55 along its length is performed after blade portion 52 is formed, but prior to forming the flange
portions 54a onto the die blocks 76. The filler 66 is placed in the groove 165 after the flange portions 54a
have been formed on the contoured blade portion 52. This latter mentioned method embodiment may
facilitate the contouring process, particularly where more highly contoured stringers 50 are being
fabricated, resulting in improved part quality with less wrinkling and/or easier contouring of the charge
55.

Attention is now directed to FIG. 47. FIG. 47 is a flowchart of a method of fabricating a
composite blade stiffener shown in FIGS. 1 and 2, according to an advantageous embodiment. Thus,
FIG. 47 describes a method of fabricating a composite blade stiffener. These steps are also sequentially

shown, in diagrammatic form, in FIGS. 9-25. Method 400 further includes additional material.
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Method 400 may begin with substantially flat charge being formed (operation 410); followed by
the charge being placed in a die (operation 412). Next, a heating blanket may be placed on the charge in
the die (operation 414).

The charge may then be heated to a forming temperature using the heating blanket (operation
416). Next, a punch is used to form the charge into a hat shape having the pair of flanges by driving the
substantially flat charge into a cavity in a die (operation 418).

Next, pressure is applied to the web of the blade to set a radii (operation 420). For example, the
web may be a first portion of the blade which is about vertical relative to the pair of flanges, which are
about horizontal to the web of the blade.

Next, the punch is withdrawn from the cavity in the die (operation 422). Then the plate is loaded
over the die and the pair of flanges is covered (operation 424). Next, the pair of flanges is held against
the die by forcing the punch against the plate (operation 426).

Next, the hat shape is formed into the blade by using the die to squeeze the hat while the pair of
flanges 1s held against the die (operation 428). Then, the blade is contoured while a pressure is applied to
the web and the pair of flanges, to form a contoured blade, the pressure being greater than atmospheric
pressure (operation 430). Finally, the contoured blade is held under the pressure until the contoured blade
reaches room temperature (operation 432).

Attention is now directed to FIG. 48A. FIG. 48A is a flowchart of a method for fabricating a
composite blade stiffener shown in FIGS. 1 and 3, according to an advantageous embodiment. Thus,
FIG. 48 A describes a method of fabricating a composite blade stiffener. These steps are also sequentially
shown, in diagrammatic form, in FIGS. 9-25. Method 500 further includes additional material.

Method 500 may begin with a substantially flat, multi-ply composite prepreg charge being
provided (operation 510). Then, a first filler is placed on the charge (operation 512).

Next, the charge is placed on a die having two opposite die portions and a die cavity between the
two opposite die portions (operation 514). Then, the charge is heated to a forming temperature (operation
516). Next, using a punch to drive a first portion of the charge and the first filler into the die cavity, a
web portion 18 formed into a hat (operation 518).

Next, a first plate is used to compress second portions of the charge against the die to form flange
portions of the stringer as the hat is being formed by the punch (operation 520). Then, pressure is applied
to the web portion after the punch is fully engaged (operation 522).

Next, the pressure to the web portion is released and the punch is retracted from the die cavity
(operation 524). Then, a second plate is loaded over the flange portions of the stringer (operation 526).

Next, the flange portions are held against the die by using the punch to apply pressure to the
second plate (operation 528). Then, a pair of pressurized hoses is used to respectively apply lateral

pressure to the die portions (operation 530).
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Next, in FIG. 48B, the die portions are used to laterally compress the hat between the die
portions, creating a formed charge (operation 532). Then, the formed charge is contoured by contouring
each of the punch and the die along their respective lengths while the web portion is under pressure
(operation 534).

Next, the second plate is removed (operation 536). Then, a second composite filler is placed in a
groove between the flange portions (operation 538).

Then, an adhesive and a fabric layer are applied over the second filler (operation 540). Next, the
second plate is reloaded over the flange portions, overlying the second filler, the adhesive, and the fabric
layer (operation 542). Then, pressure is applied to the second plate and the punch is used to compress the
second filler, the adhesive, and the fabric layer (operation 544).

Next, the punch is retracted after the formed and contoured blade has reached room temperature,
making a formed stringer (operation 546). Finally, the second plate is removed (operation 548); the die
portions are then moved away from each other (operation 550); and the formed stringer is removed from
the die (operation 552).

Attention is now directed to FIG. 49 which illustrates an elongate stiffener having an I-shaped
cross-section, hereinafter referred to as an I-stringer 554. The I-stringer 554 comprises a substantially flat
base 558 and a substantially flat cap 556 connected by a central web 560. The base 558 is formed by a
pair of flanges 558a, 558b which extend laterally outward, in opposite directions. The cap 556 and the
base 558 may extend substantially parallel to each other, and generally perpendicular to the web 560. As
will be discussed in detail below, the I-stringer 554 is formed from a single, multi-ply composite charge
which may or may not have a variable gauge (thickness) along its length. The I-stringer 554 may be
straight or may have one or more contours along its length similar to the stiffeners previously described.

FIGS. 50-57 illustrate an apparatus 561 for forming the I-stringer 554 shown in FIG. 49, as well
as the sequential steps of a method for forming the I-stringer 554. As will be discussed below in more
detail, the forming process uses the apparatus 561 to fold a multi-ply, substantially flat composite charge
mto a stringer structure having an I-shaped cross section.

Referring particularly to FIG. 50, the apparatus 561 comprises a die set 570, upper and lower
plates 564, 576 and a conformal, elongate punch 562. The punch 562 is attached to the upper plate 564
which in turn may be coupled to any suitable device such as a press platen (not shown) that applies force
to the upper plate 564 and drives the punch 562 into the die set 570. The die set 570 comprises a pair of
die portions 572, 574 that are spaced apart from each other to form a die cavity 582 therebetween. The
die portions 572, 574 are mounted on the lower plate 576 for lateral movement toward and away from
each other. The die set 570 includes a central recess 578 located adjacent to one end of, and
communicating with the die cavity 582. A press plate 580 is received within the lower plate 576 and is

positioned beneath the recess 578. The press plate 580 is driven by a suitably powered ram 585 to move
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upwardly into the recess 578 during a later discussed process step for forming the cap 556 within the
recess 578 adjacent to one end of the die set cavity 582.

It should be noted here that while the apparatus 561 shown in FIGS. 50-57 (as well as in FIGS.
59-64) is configured to form a substantially straight I-stringer 554 having a constant gauge, the apparatus
561 may be readily adapted to form I-stringers that have a variable gauge or thicknesses and/or one or
more contours along their lengths using one or more features of the tooling apparatus previously
discussed. For example, the die portions 572, 574 may be segmented along their lengths to allow them to
form contours along the length of the I-stringer 554. Similarly, plates 576, 592 may be stepped along
their respectively lengths in order to accommodate ply pad-ups which vary the thickness of either the cap
556 and/or the base 558.

The stringer 554 (FIG. 49) is formed from a single, multi-ply composite charge 584 (FIG. 50) as
previously mentioned, using a method that essentially folds the charge into the desired I-cross sectional
shape. As shown in FIG. 50, with the punch 562 withdrawn from the die set 570, a substantially flat
composite charge 584 is placed and indexed on top of the die set 570, overlying the die cavity 582. The
composite charge 584 is then heated to its forming temperature, causing it to soften. Heating of the
composite charge 584 may be carried out by placing a heating blanket (not shown) on the composite
charge 584, or by using other conventional heating techniques. Next, as shown in FIG. 51, upper plate
564 1s displaced downwardly to drive the punch 562 into the die cavity 582, causing the composite charge
584 to be press formed into the die cavity 582. When the punch 562 has reached the bottom of its travel
as shown in FIG. 52, the composite charge 584 is fully formed into a stringer hat 586, a bottom portion of
which extends into the die set recess 578. At this point, the flanges 558a, 558b of the base 558 have only
been partially formed. As used herein, the terms “hat” and “stringer hat” refer to that portion of the
composite charge 584 into which the web 560 is ultimately formed, but which, in an intermediate stage of
the folding process, has a shape similar to that of a hat or dome, although other shapes are possible.

Referring to FIG. 53, the punch 562 is then withdrawn and an upper press plate 592 is installed
over the die set 570, in readiness to complete press forming of the base flanges 558a, 558b. Next, as
shown in FIGS. 54 and 55, the punch 562 is displaced downwardly and applies pressure P to the upper
press plate 592, while simultaneously, lateral pressure P is applied to each of the die portions 572, 574.
The upper press plate 592 press forms the flanges 558a, 558b down against the die portions 572, 574, to
form a substantially flat base 558.

The lateral pressure P applied to the die portions 572, 574 causes the die portions 572, 574 to
move toward each other and apply a force to the stringer hat 586 that squeezes the hat 586, causing it to
be press formed into a stringer web 560. The lateral force applied by the die portions 572, 574 effectively
causes the hat 586 to collapse into the blade-like web 560. Due, however, to the presence of the recess
578 at the bottom of the die set 570, the die portions 572, 574 do not apply lateral pressure to the bottom
of the web 560, resulting in a bulb 590 being formed at the bottom of the web 560 within the recess 578.
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With the stringer base 558 and the stringer hat 586 having been fully formed, the next step in the
process involves forming the cap 556. Referring now particularly to FIGS. 55 and 56, pressure P applied
by the ram 585 is transmitted to the press plate 580, displacing the latter upwardly. The force applied to
the bulb 590 by the press plate 580 in a direction substantially perpendicular to the base 558 causes the
bulb 590 to be press formed into the recess 578. More particularly, the bulb 590 deforms laterally
outward (see FIG. 56) and is formed against parallel flat surfaces 581, 583 (FIG. 55) of the die set 570
and the press plate 580 respectively. In order to fully consolidate the formed I-stringer, the pressure P
applied by the die portions 572, 574, the upper press plate 592, and the lower press plate 580 is
maintained for a preselected length of time. With the I-stringer 554 having been fully consolidated, then,
as shown in FIG. 57, the components of the apparatus 561 are disassembled 598 and the fully formed I-
stringer 554 may be removed from the die set 570.

FIG. 58 is a flow diagram of the overall steps of the method of forming the I-stringer 554
illustrated in FIGS. 50-57. Beginning at 604, the die set 570 is assembled and at 606, a substantially flat,
multi-ply composite charge 584 is assembled. At 608, the composite charge 584 is placed and indexed on
the die set 570 (FIG. 50). Next, at 610, the composite charge 584 is heated using any suitable technique
such as, without limitation, placing a heating blanket (not shown) on top of the composite charge 584.
Heating the composite charge 584 may be achieved using other techniques, such as without limitation,
placing the die set 570 in an oven or using infrared lamps. At 612, a punch 562 is used to press form the
composite charge 584 into a die cavity 582 (FIGS. 51 and 52), resulting in a stringer hat 586 being
formed. At 614, the punch 562 is withdrawn from the die cavity 582, following which, at 616, an upper
press plate 592 is placed on the die set 570, overlying flange portions 558 of the charge 584.

Next, at step 618, the stringer hat 586 is squeezed, thereby compressing the hat 586 into a web
560 while forming a bulb 590 on the end of the web (FIGS. 54 and 55). Compression of the stringer hat
586 is achieved by applying lateral pressure to die portions 572, 574. At 620, the stringer base 558 is
formed by using the upper press plate 592 to press form flanges 558a, 558b down onto the die portions
572, 574. The punch 562 may be used to apply the force to the upper press plate 592 necessary to press
form of the flanges 558a, 558b. At 624, the lower press plate 580 driven by a ram 585 is used to press
form the bulb 590 within the recess 578.

With the I-stringer 554 having been fully formed, then at 628, compaction pressure is maintained
on the I-stringer for a preselected length of time using force applied by the upper and lower plates 592,
580 and die portions 572, 574. Then, at 630, the I-stringer 554 is allowed to cool in the die set 570,
following which, the die set 570 may be disassembled and the completed I-stringer 554 may be removed.

FIGS. 59-63 schematically illustrate sequential steps of an alternate method of forming a flat
composite charge into an I-stringer 554 in which fillers are employed to fill voids in the stringer 554 that
may result from folding of the stringer 554 during the forming process. Referring particularly to FIG. 59,

a multi-ply, flat composite charge 584 is placed and indexed on top of a die set 570 comprising laterally
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displaceable die portions 572, 574 similar to those previously described. The die set 570 includes a recess
578 therein at the bottom end of a die cavity 582. Composite charge 584 is heated to its forming
temperature by any suitable technique, such as placing a heating blanket 645 on the charge 584. A filler
635, sometimes referred to as a "noodle", formed of a composite or an adhesive is placed and indexed on
the charge 584. A conformal punch 562 attached to a plate 564 is adapted to be driven into the die cavity
582 by any suitable means, such as by a press (not shown). The punch 562 may include a recess feature
562a configured to substantially match the geometry of the filler 635.

Referring now to FIG. 60, the punch 562 along with the plate 564 are driven downwardly,
causing the punch 562 to press form the charge 584 along with the filler 635 into the die cavity 582,
producing a hat 586. Simultaneous with formation of the hat 586, the plate 564 forms the flanges 558a,
558b flat, down onto the die portions 572, 574, and lateral pressure P is applied to the die portions 572,
574 in order to compress the hat 586.

Next, as shown in FIG. 61, the punch 562 and plate 564 are withdrawn from the die cavity 582
and a press plate 592 is installed overlying the flanges 558a, 558b. Light downward pressure is applied
by the punch 562, maintaining slight pressure on the flanges 558a, 558b. Then, as shown in FIG. 62,
additional lateral pressure P is applied to the die portions 572, 574 in order to compress and thereby
collapse the hat 586 into the web 560. However, the presence of the recess 578 prevents pressure from
being applied by the die portions 572, 574 at the end of the web 560, and as a result, a bulb 590
containing the filler 635 is formed within the recess 578.

Referring now to FIG. 63, while lateral pressure is maintained on die portions 572, 574 and
downward pressure is maintained by the punch 562, upward pressure P is applied to the bulb 590 by a
press plate 580 driven by the ram 636. The pressure applied to the bulb 590 by the press plate 580 press
forms the bulb 590 laterally outward into the recess 578, forming flat cap 556.

FIG. 64 illustrates an alternate technique for press forming the bulb 590 into the flat cap 556 after
the composite charge has been formed into the shape shown in FIG. 62, using the die set 570 shown in
FIGS. 59-63. The partially formed composite charge is removed from the die set 570 shown in FIGS. 62
and 63, and is then placed in an inverted position in a second die set 570a comprising laterally
displaceable die portions 572a, 574a. The second die set 570a includes a central die cavity 582a, a
substantially flat upper surface 577, and a substantially flat lower surface 579. The base 558 is
sandwiched between the lower surface 579 of the die set 570a, and a base plate 638. A pair of shims 634
is placed on the flat surface 577 of the die 570a. The shims 634 have a thickness “T” substantially
corresponding to the desired thickness of the cap 566. The bulb 590 is softened by locally heating it to its
forming temperature. This local heating of the bulb 590 may be carried out by any suitable technique,
such as by placing the die set 570a in an oven (not shown), directing infrared lamps (not shown) onto an

upper press plate 588, or using internal electrical heating coils (not shown) in the die portions 572a, 574a.
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The upper press plate 588 is placed on the bulb 590 and the punch 562 or similar device is
brought into contact with the upper press plate 588. While lateral pressure is being applied to the web
560 by the die portions 572a, 574a, pressure P applied by the punch 562, and the upper press plate 588
press forms the bulb 590 down against the upper surface 577 of the die set 570a, causing the bulb 590 to
flatten. The shims 634 limit flattening of the bulb 590 to the desired thickness of the cap 556.

Attention is now directed to FIG. 65 which broadly illustrates the overall steps of a method of
forming a substantially flat composite charge into a stiffener such as an I-stringer 554, utilizing the
second die set 570a described above in connection with FIG. 64. Beginning at 640, using the first set
570, a substantially flat composite charge 584 is folded into a partially formed stringer charge having a
bulb 590, a base 558 and a web 560 extending between the bulb 590 and the base 558. At 642, a first
plate 638 is placed against the base 558 of the stringer charge, then at 644, portions 572a, 574a of the die
set 570a are placed on respective opposite sides of the web 560. At 646, shims 634 are positioned on the
die set 570a, on opposite sides of the bulb 590. The shims 634 have a thickness “T” corresponding to the
desired thickness of the stringer cap 556. At 648, the web 560 is compressed between the die portions
572a, 574b. The bulb 590 is heated to its forming temperature at 649, and at 650 an upper plate 588 is
placed over the bulb 590. At 652, the bulb 590 is press formed into a substantially flat cap 556 by
applying pressure P to the press plate 588 while lateral pressure is maintained on the web 560 by the die
portions 572a, 574a. At 654, the shims 634 are used to control compression of the bulb 590 into a desired
flat cap thickness.

The description of the different advantageous embodiments has been presented for purposes of
illustration and description, and is not intended to be exhaustive or limited to the embodiments in the
form disclosed. Many modifications and variations will be apparent to those of ordinary skill in the art.
Further, different advantageous embodiments may provide different advantages as compared to other
advantageous embodiments. The embodiment or embodiments selected are chosen and described in order
to best explain the principles of the embodiments, the practical application, and to enable others of
ordinary skill in the art to understand the disclosure for various embodiments with various modifications

as are suited to the particular use contemplated.
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CLAIMS:

What is claimed is:

1. A method of fabricating an I-stringer, comprising:

placing a substantially flat composite charge on a die set;

forming a stringer hat by press forming the composite charge into a cavity in the die set;

forming a stringer base by press forming the composite charge against the die set;

using the die set to compress the stringer hat into a stringer web, including forming a bulb on an
end of the web; and

forming a stringer cap by press forming the bulb within a recess in the die set.

2. The method of claim 1, wherein press forming the bulb within the recess in the die set includes

compressing the bulb between substantially parallel surfaces to form a substantially flat cap.

3. The method of claim 1 or 2, wherein press forming the bulb within the recess in the die set

includes using a plate to apply pressure to the bulb.

4. The method of claim 3, wherein the pressure is applied to the bulb in a direction substantially

normal to the stringer base.

5. The method of any of the preceding claims, wherein:

forming the stringer base includes press forming the composite charge against a first end of the
die set, and

forming the stringer cap includes press forming the bulb against a second end of the die set

opposite the first end.

6. The method of any of the preceding claims, wherein forming the bulb on the end of the web

includes forming a portion of the web into the recess in the die set.

7. The method of any of the preceding claims, wherein:
press forming the charge into the cavity in the die set is performed using a punch, and
compressing the composite charge into a stringer web is performed by applying lateral pressure

on the die set.

8. The method of any of the preceding claims, further comprising:
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locally heating the bulb to a forming temperature before the bulb is press formed within the

TECeSS.

9. Apparatus for forming a composite charge into an I- stringer, comprising:

a die set including first and second laterally displaceable die portions defining a die cavity
therebetween, the die portions having a recess adjacent to one end of the die cavity;

an elongate punch capable of press forming the composite charge into the die set cavity;

an upper plate for press forming the composite charge against the die set to form a stringer base;

and,

a displaceable for press plate forming the composite charge within the recess to form a stringer
cap.
10. The apparatus of claim 9, wherein the recess is defined by a substantially flat surface extending

substantially parallel to the press plate.

11. The apparatus of claim 9 or 10, wherein the recess communicates with and extends laterally

outward from the cavity.

12. The apparatus of claim 9, 10, or 11, further comprising:
a lower plate upon which the first and second die portions are mounted, and

wherein the press plate is displaceable relative to the lower plate.

13. The apparatus of claim 9, 10, 11 or 12, further comprising;:

a ram connected to the press plate for applying a force to the press plate.

14. The apparatus of claim 9, 10, 11, 12, or 13, wherein:
the die set includes an upper surface against which the composite charge is press formed by the
upper plate, and

the die portion includes a lower surface in which the recess is located.
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™ COMPRESS THE HAT BETWEEN THE DIE
PORTIONS, CREATING A FORMED CHARGE

!

CONTOUR THE FORMED CHARGE BY

534~ CONTOURING EACH OF THE PUNCH AND THE
DIE ALONG THEIR RESPECTIVE LENGTHS

WHILE THE WEB PORTION IS UNDER PRESSURE

!

536~ REMOVE THE SECOND PLATE

!

538~ PLACE A SECOND COMPOSITE FILLERIN A
GROOVE BETWEEN THE FLANGE PORTIONS

!

540~ APPLY AN ADHESIVE AND A FABRIC
LAYER OVER THE SECOND FILLER

!

RELOAD THE SECOND PLATE OVER THE
FLANGE PORTIONS, OVERLYING THE SECOND

5421
FILLER, THE ADHESIVE AND THE FABRIC LAYER
USE THE PUNCH TO APPLY PRESSURE TO THE
5441 SECOND PLATE AND COMPRESS THE SECOND

FILLER, THE ADHESIVE, AND THE FABRIC LAYER

!

RETRACT THE PUNCH AFTER THE FORMED AND
CONTOURED BLADE HAS REACHED ROOM

546"
TEMPERATURE, MAKING A FORMED STRINGER
5481 REMOVE THE SECOND PLATE
MOVE THE DIE PORTIONS
550" AWAY FROM EACH OTHER

552 REMOVE THE FORMED STRINGER FROM THE DIE

FIG. 48B
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604~ ASSEMBLE DIE SET

v

606~]  ASSEMBLE CHARGE (e.g. LAYUP COMPOSITE PLIES)

v

608~ PLACE/INDEX CHARGE ON DIE

v

610~ HEAT CHARGE TO FORMING TEMP

v

612~ USE PUNCH TO FORM CHARGE INTO
DIE SET CAVITY (HAT IS FORMED)

v

614~ WITHDRAW PUNCH FROM CAVITY

v

616~ PLACE UPPER PRESS PLATE ON DIE
OVERLAYING FLANGE PORTIONS OF CHARGE

v

SQUEEZE HAT TO COMPRESS HAT INTO A WEB AND FORM
BULB ON END OF WEB (LATERAL PRESSURE APPLIED TO
DIE PORTIONS FORMS A BULB ON END OF WEB)

v

FORM STRINGER BASE BY USING UPPER PRESS PLATE
620~ TO PRESS FORM FLANGE PORTIONS ONTO DIE (USE
PUNCH TO APPLY PRESSURE TO UPPER PRESS PLATE)

v

FORM FLAT CAP BY PRESS FORMING BULB WITHIN RECESS
624 -"| (PRESSURE IS APPLIED TO BULB BY LOWER PRESS PLATE)

v

APPLY COMPACTION PRESSURE TO FORMED STRINGER
628-"] USING UPPER AND LOWER PLATES AND DIE PORTIONS

v

630~ ALLOW STRINGER TO COOL IN TOOL SET

v

632" DISASSEMBLE TOOL SET AND REMOVE STRINGER

FIG. 58
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640~

FOLD A SUBSTANTIALLY FLAT COMPOSITE
CHARGE INTO A PARTIALLY FORMED STRINGER
CHARGE HAVING A BULB, A BASE AND A WEB
EXTENDING BETWEEN THE BULB AND THE BASE

v

642~

PLACE A FIRST PLATE AGAINST THE BASE

v

644~

POSITION DIE PORTIONS RESPECTIVELY
ON OPPOSITE SIDES OF THE WEB

v

646~

PLACE SHIMS ON THE DIES ON
OPPOSITE SIDES OF THE BULB

v

648~

COMPRESS THE WEB USING THE DIE PORTIONS

v

649"

HEAT BULB TO ITS FORMING TEMPERATURE

v

6501

PLACE A PRESS PLATE OVER THE BULB

v

652"

PRESS FORM THE BULB INTO A
SUBSTANTIALLY FLAT CAP BY APPLYING
PRESSURE TO THE PRESS PLATE

v

654"

USE SHIMS TO CONTROL
COMPRESSION OF THE BULB INTO A
DESIRED FLAT CAP THICKNESS

FIG. 65
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