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(54) COMPOSITE WITH INFUSION FILM SYSTEMS AND METHODS

(57) Described are methods and systems for a com-
posite structure (200) that allows for out of autoclave cur-
ing. Due to the layout of the composite structure (200),
voids (212) within the composite structure (200), formed
out of autoclave, is reduced. The composite structure
(200) includes a composite laminate (214) and one or
more infusion films (202A, 202B). The composite lami-
nate (214) includes a plurality of fiber tows (204) that

each include a plurality of fiber strands (218) and a resin
(206). The resin (206) has a first viscosity within a first
temperature range. The infusion film (202A, 202B) is dis-
posed on a surface of the composite laminate ( 214) and
has a second viscosity lower than the first viscosity within
the first temperature range. Methods of curing the com-
posite structure (200) are also described.
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Description

BACKGROUND

[0001] Fiber reinforced plastic (FRP) composite struc-
tures are traditionally cured using autoclaves. However,
autoclaves are bulky, expensive, and costly and resource
intensive to operate. Thus, it is desirable to develop struc-
tures that do not require autoclaves for curing. Unfortu-
nately, composite structures that have been cured out of
autoclave typically include an unacceptable level of po-
rosity. Thus, composite structures continue to be cured
in autoclaves due to the unacceptable porosity levels of
out of autoclave cured structures.

SUMMARY

[0002] Described are methods and systems for a com-
posite structure that includes an infusion film. During
manufacture of the composite structure, the infusion film
is disposed over the uncured composite laminate of the
composite structure. The composite laminate can include
a plurality of fiber tows that each includes a plurality of
fiber strands and a resin that has a first viscosity within
a first temperature range. The infusion film is disposed
on a surface of the plurality of fiber tows and has a second
viscosity that is lower than the first viscosity of the resin
within the first temperature range and is configured to
flow into the composite laminate when the infusion film
is within the first temperature range. Thus, as the
processing temperature of the composite structure in-
crease, the infusion film flows into the composite laminate
to fill voids within the composite laminate. As such, the
infusion film decreases or eliminates the amount of voids
within the composite laminate. The composite structure
is then cured and solidified into a workpiece. The resulting
composite structure is then incorporated as a structure
in, for example, a vehicle such as an aircraft.
[0003] Illustrative, non-exclusive examples of inven-
tive features according to present disclosure are de-
scribed in following enumerated paragraphs. These and
other examples are described further below with refer-
ence to figures.
[0004] Further embodiments are described in the fol-
lowing clauses:

Clause 1. A composite structure (200) comprising:
a composite laminate (214), comprising a first lami-
nate surface (240), a second laminate surface (242),
and a plurality of fiber tows (204) disposed between
the first laminate surface (240) and the second lam-
inate surface (242),

wherein each of the plurality of fiber tows (204)
comprises a plurality of fiber strands (218) and
a resin (206),
wherein the resin (206) is disposed within a first
portion (210) of each of the plurality of fiber tows

(204),
wherein each of the plurality of fiber tows (204)
is disposed proximate to a different one of the
plurality of fiber tows (204), and
wherein the resin (206) has a first viscosity within
a first temperature range; and an infusion film
(202), disposed on the first laminate surface
(240) of the plurality of fiber tows (204),
wherein the infusion film (202) has a second vis-
cosity that is lower than the first viscosity of the
resin (206) within the first temperature range,
and
wherein the infusion film (202) is configured to
flow into the composite laminate (214) when the
infusion film (202) is within the first temperature
range.

Clause 2. The composite structure (200) of clause
1, wherein the composite laminate (214) further com-
prises a void (212), disposed between the plurality
of fiber tows (204), and wherein the infusion film
(202) is configured to flow into the void (212) when
the infusion film (202) is within the first temperature
range.

Clause 3. The composite structure (200) of clauses
1-2, wherein the first portion (210) is an outer portion
of each of the plurality of fiber tows (204).

Clause 4. The composite structure (200) of clauses
1-3, wherein the plurality of fiber tows (204) each
further comprise a second portion (208) free of the
resin (206).

Clause 5. The composite structure (200) of clauses
1-4, wherein the resin (206) is configured to migrate
into the second portion (208) when in a second tem-
perature range greater than the first temperature
range.

Clause 6. The composite structure (200) of clauses
1-5, wherein the second portion (208) is a center
portion of the plurality of fiber tows (204).

Clause 7. The composite structure (200) of clauses
1-6, wherein the infusion film (202) is a first infusion
film (202A) and the composite structure (200) further
comprises:
a second infusion film (202B), disposed on the sec-
ond laminate surface (242), wherein the second in-
fusion film (202B) has the second viscosity that is
lower than the first viscosity of the resin (206) within
the first temperature range and is configured to flow
into the composite laminate (214) when the second
infusion film (202) is within the first temperature
range, and wherein the second laminate surface
(242) is opposite of the first laminate surface (240).

1 2 
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Clause 8. The composite structure (200) of clauses
1-7, wherein the composite laminate (214) is a first
composite laminate (214A) comprising a first plural-
ity of fiber tows (204), and wherein the composite
structure (200) further comprises:
a second composite laminate (214B) comprising a
second plurality of fiber tows (204), wherein the in-
fusion film (202) is disposed between the first com-
posite laminate (214A) and the second composite
laminate (214B).

Clause 9. The composite structure (200) of clauses
1-8, wherein the composite structure (200) is config-
ured to be coupled to a portion of an aircraft (100).

Clause 10. A composite structure (200) comprising:

a first composite laminate (214A);
a second composite laminate (214B), wherein
each of the first composite laminate (214A) and
the second composite laminate (214B) compris-
es a plurality of fiber tows (204),

wherein each of the plurality of fiber tows
(204) comprises a plurality of fiber strands
(218) and a resin (206),
wherein the resin (206) is disposed within a
first portion (210) of each of the plurality of
fiber tows (204),
wherein each of the plurality of fiber tows
(204) is disposed proximate to a different
one of the plurality of fiber tows (204), and
wherein the resin (206) has a first viscosity
within a first temperature range; and an in-
fusion film (202), disposed between the first
composite laminate (214A) and the second
composite laminate (214B),
wherein the infusion film (202) has a second
viscosity that is lower than the first viscosity
of the resin (206) within the first temperature
range, and
wherein the infusion film (202) is configured
to flow into the first composite laminate
(214A), the second composite laminate
(214B), or both when the infusion film (202)
is within the first temperature range.

Clause 11. A method (400) comprising:

disposing (406) a vacuum bag (320) around a
composite structure (200), the composite struc-
ture (200) comprising:

a composite laminate (214), comprising a
first laminate surface (240), a second lam-
inate surface (242), and a plurality of fiber
tows (204) disposed between the first lam-
inate surface (240) and the second laminate

surface (242),

wherein each of the plurality of fiber
tows (204) comprises a plurality of fiber
strands (218) and a resin (206),
wherein the resin (206) is disposed
within a first portion (210) of each of the
plurality of fiber tows (204), and
wherein the resin (206) has a first vis-
cosity within a first temperature range;
and

an infusion film (202), disposed on the first
laminate surface (240) of the plurality of fib-
er tows (204),

wherein the infusion film (202) has a
second viscosity that is lower than the
first viscosity of the resin (206) within
the first temperature range, and
wherein the infusion film (202) is con-
figured to flow into the composite lam-
inate (214) when the infusion film (202)
is within the first temperature range;

reducing pressure (408) inside the vacuum bag
(320) to provide a compressive force on the
composite structure (200); and
heating the composite structure (200) to the first
temperature range to flow (410) the infusion film
(202) into the composite laminate (214).

Clause 12. The method of clause 11, further com-
prising:
filling (414) a void (212) within the composite lami-
nate (214) with the infusion film (202).

Clause 13. The method of clauses 11-12, further
comprising:
heating the composite structure (200) to a second
temperature range to migrate (412) the resin (206)
into a second portion (208) of the fiber tows (204).

Clause 14. The method of clauses 11-13, wherein
the second portion (208) is a center portion of the
fiber tows (204).

Clause 15. The method of clauses 11-14, wherein
the migrating (412) of the resin (206) into the second
portion (208) displaces air from the second portion
(208).

Clause 16. The method of clauses 11-15, wherein
the migrating (412) of the resin (206) into the second
portion (208) further flows the infusion film (202) into
the composite laminate (214).

Clause 17. The method of clauses 11-16, further
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comprising:
laying up (402) the composite laminate (214).

Clause 18. The method of clauses 11-17, further
comprising:

applying (404) the infusion film (202A) to the first
laminate surface (240); and
applying (404) the infusion film (202B) to the
second laminate surface (242).

Clause 19. The method of clauses 11-18, wherein
the reducing the pressure (408) and the heating the
composite structure (200) are performed out of auto-
clave.

Clause 20. The method of clauses 11-19, further
comprising:
coupling the composite structure (200) to a portion
of an aircraft (100).

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The disclosure may best be understood by ref-
erence to the following description taken in conjunction
with the accompanying drawings, which illustrate various
examples.

FIG. 1A illustrates a vehicle with composite struc-
tures, in accordance with some examples.

FIGs. 1B to 1E illustrate various aspects of compos-
ite laminates, in accordance with some examples.

FIG. 2A illustrates a cross-sectional representation
of a pre-cured infusion film composite structure, in
accordance with some examples.

FIG. 2B illustrates a cross-sectional representation
of another pre-cured infusion film composite struc-
ture, in accordance with some examples.

FIGs. 2C, 2D, and 2E illustrate various examples of
pre-cured infusion film composite structures, in ac-
cordance with some examples.

FIGs. 3A and 3B illustrate cross-sectional represen-
tations of the infusion film composite structure of FIG.
2A in various stages of processing, in accordance
with some examples.

FIG. 4 is a process flowchart corresponding to a
method of composite structure forming, in accord-
ance with some examples.

FIG. 5A illustrates a cross-sectional representation
of a cured infusion film composite structure, in ac-
cordance with some examples.

FIG. 5B illustrates a cross-sectional representation
of another composite structure, in accordance with
some examples.

FIG. 6A illustrates a flow chart of an example of an
aircraft production and service methodology, in ac-
cordance with some examples.

FIG. 6B illustrates a block diagram of an example of
a vehicle, in accordance with some examples.

DETAILED DESCRIPTION

[0006] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the presented concepts. The presented con-
cepts may be practiced without some, or all, of these
specific details. In other instances, well known process
operations have not been described in detail to avoid
unnecessarily obscuring the described concepts. While
some concepts will be described with the specific exam-
ples, it will be understood that these examples are not
intended to be limiting.

Introduction

[0007] Composite structures are increasingly utilized
in structures such as vehicle structures. In such applica-
tions, voids within the composite structure lead to a de-
crease in structural strength and, thus, decrease the
strength to weight ratio of the composite structure. As
vehicles are increasingly weight sensitive, the decrease
in strength to weight ratio of the composite structure leads
to an undesirably heavier vehicle.
[0008] Composite structures continue to be cured us-
ing autoclaves as out of autoclave curing of composites
results in voids within the composites and an unaccept-
able level of porosity. As such, composite structures for
vehicles continue to require autoclave curing in order to
meet strength targets. However, autoclaves are bulky,
expensive, and costly and resource intensive to operate.
Attempts to manufacture composite structures out of
autoclave using traditional techniques has resulted in
parts with large amounts of voids. Such parts are weaker
and have a larger rejection rate due to higher levels of
porosity. Higher rejection rates increase the cost of pro-
duction.
[0009] An example of a vehicle with a composite struc-
ture is shown in FIG. 1A. FIG. 1A illustrates a vehicle with
composite structures, in accordance with some exam-
ples. FIG. 1A illustrates a vehicle 100 that is a fixed wing
aircraft. In other examples, the systems and techniques
described herein are used on other types of vehicles such
as other types of aircraft (e.g., helicopters, spacecraft,
rockets, and other aircraft), automobiles, ships, subma-
rines, and other such vehicles or structures.
[0010] Vehicle 100 includes a plurality of vehicle struc-
tures 120. In various examples, vehicle structures 120
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can be different portions of vehicle 100. For example, for
the aircraft shown in FIG. 1A, vehicle structures 120 can
be a fuselage, a wing (e.g., a fixed portion of the wing or
a flap or other movable portion), an aircraft propulsor
(e.g., a nacelle or inlet of the aircraft propulsor), an em-
pennage, or another structure of the aircraft. Various ex-
amples of vehicle structures 120 can be made of fiber
reinforced composites or composite laminates such as
one or more of fiberglass, carbon fiber, Kevlar®, and oth-
er such composites.

Examples of composite laminates

[0011] FIGs. 1B to 1E illustrate various aspects of com-
posite laminates, in accordance with some examples.
FIG. 1B illustrates that composite laminate 114 includes
a plurality of layers of composite plies 130A-H. As shown
in the example of FIG. 1B, composite plies 130A-H in-
clude fiber tows oriented in directions different from each
other. Such an orientation increases the strength of com-
posite laminate 114 in various directions.
[0012] FIGs. 1C illustrates a weave fabric of a com-
posite laminate that includes fiber tows 104A, 104B, and
other fiber tows. Fiber tows 104A and 104B are oriented
in different directions. Orienting fiber tows 104As and
104B in different directions increases the strength of the
composite laminate in various directions. Furthermore,
FIG. 1D illustrates that fiber tows 104A and 104B are
woven together. Additionally, FIG. 1E illustrates that a
plurality of woven layers are stacked together to form
composite laminate 114. Thus, composite laminate 114
includes a plurality of woven layers.

Examples of infusion film composite structures

[0013] FIGs. 2A and 2B illustrate examples of pre-
cured infusion film composite structure 200. FIG. 2A il-
lustrates a cross-sectional representation of a pre-cured
infusion film composite structure, in accordance with
some examples. FIG. 2A illustrates a composite structure
200 for use within composite structures such as vehicle
structures 120 described herein. In various examples,
composite structure 200 is formed through the use of an
out of autoclave forming process. In certain such exam-
ples, composite structure 200 is formed in a vacuum
bagged process that does not include an autoclave.
[0014] Composite structure 200 includes composite
laminate 214 and infusion films 202A and 202B. Com-
posite laminate 214 includes first laminate surface 240
and second laminate surface 242. While the example of
FIG. 2A includes infusion film 202A disposed on first lam-
inate surface 240 and infusion film 202B disposed on
second laminate surface 242, other examples of com-
posite structures include infusion films disposed on var-
ious different surfaces (e.g., surfaces on the front, rear,
top, bottom, and lateral portions) of the composite struc-
ture.
[0015] Composite laminate 214 includes a plurality of

composite plies 236A-C. Each of composite plies 236A-
C include a plurality of fiber tows (e.g., fiber tows 204A
and 204B for composite ply 236A, fiber tows 204C and
204D for composite ply 236B, and fiber tows 204E and
204F for composite ply 236C). Each of fiber tows 204A-
F includes a plurality of composite fiber strands, as de-
scribed herein (e.g., woven together to create a single
composite laminate).
[0016] In the example shown, composite plies 236A-
C are stacked on top of each other and, thus, fiber tows
204A-F are disposed between first laminate surface 240
and second laminate surface 242. Fiber tows 204A-F are
disposed next to one another and are stacked in certain
arrangements such as, as shown in FIG. 2A, an arrange-
ment where the fiber tows of each composite ply are
wound around each other. Other examples include ar-
rangements of composite plies and/or fiber tows in other
arrangements.
[0017] Voids 212 are disposed between as well as
within fiber tows 204A-F and are examples of voids that
are, in certain conditions, filled by infusion films 202A and
202B. Voids 212 are, in certain examples, open areas
between fiber tows 204A-F and/or areas within honey-
comb structures or other components of composite struc-
ture 200. Other examples orient the plurality of fiber tows
in other arrangements and includes voids in other areas.
[0018] Fiber tow 204A is herein used as an example
to illustrate features of fiber tows 204A-F. Fiber tow 204A
includes a plurality of fiber strands 218 and resin 206. In
certain examples, fiber strands 218 are fiber reinforced
composite fiber strands (e.g., carbon fiber, fiberglass,
Kevlar®, or other such composites). Fiber tow 204A in-
cludes first portion 210 and second portion 208.
[0019] In the example shown in FIG. 2A, an example
where composite structure 200 has not yet been cured,
resin 206 is disposed within first portion 210, but is not
disposed within second portion 208. Thus fiber tow 204A
is a pre-impregnated or partially pre-impregnated com-
posite. When uncured, fiber tow 204A is partially impreg-
nated where the portion of fiber tow 204A contained with-
in first portion 210 is impregnated with resin 206 while
the portion of fiber tow 204A contained within second
portion 208 is un-impregnated (e.g., dry or free of resin
206).
[0020] In certain examples, resin 206 has a first vis-
cosity within a first temperature range and a viscosity
lower than the first viscosity during a second temperature
range. In certain examples, the second temperature
range is greater than the first temperature range. During
cure, when in the second temperature range, resin 206
on the impregnated portion of fiber tow 204A (e.g., within
first portion 210) is configured to migrate into the un-im-
pregnated portion of fiber tow 204A (e.g., into second
portion 208) and/or the un-impregnated portions of other
fiber tows.
[0021] Accordingly, the dry fiber strands within second
portion 208 provide an evacuation path through which
any entrapped air can be extracted during cure or pre-
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cure (e.g., pre-cure performed by a vacuum debulk proc-
ess). As such, resin 206 is configured to flow, when in
the low viscosity phase, into second portion 208 and infill
the dry fiber tows to fill all the interstitial voids between
the tows, forming a porosity free composite laminate 214.
[0022] However, in practice, such cured composite
laminates, when cured out of autoclave, contain voids in
the areas around the fiber tows (e.g., as shown and de-
scribed in FIG. 5B). The presence of these voids is the
result of the one atmosphere of pressure resulting from
vacuum bagging being insufficient in forcing resin 206
of, for example, fiber tow 204A to flow and fully fill the
dry second portion 208.
[0023] To fill such voids, the example of FIG. 2A dis-
poses infusion films 202A and 202B on first laminate sur-
face 240 and second laminate surface 242 of composite
laminate 214. In various examples, infusion films 202A
and 202B are another epoxy resin different from resin
206. The material of infusion films 202A and 202B has a
second viscosity that is lower than the first viscosity of
the resin 206 within the first temperature range and a
flow profile that is configured to allow infusion films 202A
and 202B to flow into voids 212 of composite laminate
214. Accordingly, within the first temperature range, in-
fusion films 202A and 202B are configured to flow into
composite laminate 214.
[0024] In the example of FIG. 2A, infusion films 202A
and 202B are configured to operate along the Z-axis (e.g.,
up and down) of composite structure 200. Disposing in-
fusion films 202A and 202B to operate along the Z-axis
means that the length and width of composite structure
200 do not reduce the effectiveness and performance of
the infusion films 202A and 202B. Such characteristics
are unlike that of conventional processes reliant on edge
breathing, which require that air must travel down the
entire length of the fibers and, thus, are very length de-
pendent. Furthermore, as displacement of voids 212 by
infusion films 202A and 202B are not length dependent
and not reliant on edge breathing, infusion films 202A
and 202B would still flow into voids 212 of fibers that do
not extend to the edge of composite laminate 214. Under
conventional processes utilizing edge breathing, such
fibers would have more difficulty allowing air to escape.
Other examples include infusion films that operate, alter-
natively or additionally, along other axes.
[0025] As infusion films 202A and 202B are configured
to operate along the Z-axis, infusion films 202A and 202B
allow for edge breathing without any additional consid-
erations. That is, disposing infusion films 202A and 202B
on first laminate surface 240 and second laminate sur-
face 242 allows for fiber tows 204A to breathe during
cure and, thus, allows for resin 206 to still be able to
displace air within the fiber tows (e.g., within second por-
tion 208 of fiber tow 204A) during cure without any special
considerations. As such, no trimming of the edges of
composite laminate 214 nor any edge dams, edge
breathers, and/or extended pre-cure debulk procedures
are required to promote edge breathing of fiber tows

204A.
[0026] Forming of composite structure 200 using infu-
sion films 202A and 202B, as shown in FIG. 2A, are de-
scribed in further detail in FIGs. 3A and 3B. FIGs. 3A and
3B illustrate cross-sectional representations of the infu-
sion film composite structure of FIG. 2A in various stages
of processing, in accordance with some examples.
[0027] As shown in FIG. 3A, composite structure 200
is disposed within vacuum bag 320 during cure. During
cure of composite structure 200, as the temperature in-
creases to the first temperature range, infusion films
202A and 202B decrease in viscosity (e.g., are lower in
viscosity than at room temperature) and may become
viscous or liquid. As composite structure 200 is disposed
within vacuum bag 320, atmospheric pressure acting on
vacuum bag 320 imparts pressure on the low viscosity
(e.g., liquefied) infusion films 202A and 202B through
vacuum bag 320 pressing on composite structure 200
and, thus, infusion films 202A and 202B disposed on top
of composite laminate 214. Based on the temperature
being within the first temperature range and/or the at-
mospheric pressure acting on vacuum bag 320, infusion
films 202A and 202B begin to penetrate composite lam-
inate 214 and flow into composite laminate 214. In certain
situations, infusion films 202A and 202B flow into or com-
pact voids 212 of composite laminate 214.
[0028] Infusion films 202A and 202B continue to flow
into composite laminate 214 and, at a certain point, fully
fills voids 212 around fiber tows 204A-F. FIG. 3B illus-
trates a period when composite structure 200 is heated
to the second temperature range. By the time of the ex-
ample shown in FIG. 3B, composite structure 200 is in
the second temperature range. In the second tempera-
ture range, resin 206 decreases in viscosity (e.g., a lower
viscosity than at room temperature), may become vis-
cous or liquid, and infills the previously dry second por-
tions 208 of the fiber tows 204A-F, displacing air within
second portions 208. The migration of resin 206 towards
second portions 208 creates a negative pressure. This
negative pressure further draws infusion films 202A and
202B into voids 212, including drawing infusion films
202A and 202B into additional voids created by the mi-
gration of resin 206 towards second portions 208 as well
as into portions of fiber tows 204A-F. As such, any voids
212 that would have been present are filled with infusion
film 202A and 202B and, thus, a consistent strong epoxy
resin is present through composite structure 200.
[0029] Accordingly, as shown in FIG. 3B, fiber tows
204A-F have been fully filled with resin 206, as indicated
by their uniform grey shading in FIG. 3B. Various fiber
tows 204A-F are connected to neighboring fiber tows
through resin 206. However, such connections are not
uniform and would have resulted in voids. Such voids are
filled with infusion film 202 to create a void free or mostly
void free composite structure 200.
[0030] As one atmosphere of pressure is sufficient to
cause infusion films 202A and 202B to fill voids 212 of
composite laminate 214, composite structure 200 is suit-
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able for out of autoclave forming. Composite structure
200 described in FIGs. 2A, 3A, and 3B is one example
of a composite structure utilizing an infusion film to fill
voids in an out of autoclave process. FIG. 2B illustrates
a cross-sectional representation of another pre-cured in-
fusion film composite structure, in accordance with some
examples.
[0031] FIG. 2B illustrates another example of compos-
ite structure 200. Composite structure 200 of FIG. 2B
includes a plurality of composite laminates 214A and
214B and a plurality of infusion films 202A, 202B, and
202C. Composite laminate 214A includes fiber tows
204A-F and composite laminate 214B includes fiber tows
204G-L. Fiber tows 204A-L of FIG. 2B are similar to that
described in FIG. 2A.
[0032] Composite laminates 214A and 214B each in-
clude a first laminate surface and a second laminate sur-
face. For example, composite laminate 214B includes
first laminate surface 240 and second laminate surface
242. Infusion film 202A is disposed on top of composite
laminate 214A, infusion film 202B is disposed between
composite laminates 214A and 214B, and infusion film
202C is disposed on second laminate surface 242 of
composite laminate 214B. Thus, in FIG. 2B, the arrange-
ment of infusion films 202A, 202B, and 202C differs from
that of FIG. 2A. It is appreciated that other examples in-
clude other arrangements of infusion films and composite
laminates, including, for example, infusion films disposed
on the top and bottom and/or in between layers of com-
posite laminates. Such other arrangements are used de-
pending on the thickness of the layers of the composite
laminates (e.g., to promote effective flow of infusion films
into the various layers of the composite laminates). Such
various arrangements are used depending on the thick-
ness of the composite laminates, number of layers of
composite laminate, viscosity of the infusion films, and/or
other such factors that affect the flow of the infusion film
into the composite laminate.
[0033] In further examples, a single composite struc-
ture includes a plurality of infusion films that are made of
different resins with different viscosity characteristics.
Furthermore, in certain examples with a plurality of infu-
sion films, various infusion films of the composite struc-
ture are of varying thicknesses. In certain such examples,
such thicknesses depend on one or more of the viscosity
characteristics of the resin (e.g., the thickness of the in-
fusion film is matched to the viscosity of the resin to pro-
mote full penetration of any composite laminates), the
number of plies the resin of the infusion film needs to flow
through (e.g., the volume of material that the resin needs
to flow through), and/or the acceptability of how much of
the infusion film can remain on outer surfaces of the com-
posite structure after cure. Furthermore, in certain exam-
ples, infusion films are placed only in certain locations of
the composite structure where porosity is known to be a
problem, rather than over the entire part or as a complete
layer within the part. Accordingly, various examples dis-
pose infusion films of different dimensions, resin charac-

teristics, thicknesses, and in various locations.
[0034] Other configurations of composite structures
are also possible. FIGs. 2C, 2D, and 2E illustrate various
examples of pre-cured infusion film composite struc-
tures, in accordance with some examples. FIGs. 2C, 2D,
and 2E illustrate exploded and profile views of various
examples of composite structure 200. As shown in FIGs.
2C, 2D, and 2E, composite structure 200 includes a plu-
rality of composite plies 236A-H, with one or more com-
posite plies 236A-H including fiber tows that are woven
in directions different from each other. Other examples
of composite structures will include any number of quan-
tities and/or layouts of composite laminates.
[0035] As shown in FIGs. 2C, 2D, and 2E, infusion films
are disposed in various sections of various examples of
composite structures 200. Thus, in FIG. 2C, infusion films
202A and 202B are disposed on the outside of the com-
posite laminates. Accordingly, infusion films 202A and
202B sandwich the various composite plies 236A-H. In
FIG. 2D, composite structure 200 has a single infusion
film 202A layer. In FIG. 2E, infusion films 202A and 202C
are disposed on the composite laminate and, thus, on
the outside of composite plies 236A-H while infusion film
202B is disposed between composite plies 236D and
236E. Accordingly, composite structure 200 described
herein include a plurality of composite plies and/or infu-
sion films.

Examples of method for composite structure form-
ing with infusion film

[0036] FIG. 4 is a process flowchart corresponding to
a method of composite structure forming, in accordance
with some examples. Various operations of method 400
of FIG. 4 are executed using systems and apparatuses
described herein.
[0037] In step 402, composite laminate 214 is laid up.
In certain examples, composite laminate 214 includes a
plurality of fiber tows 204 and laying up composite lam-
inate 214 includes laying and/or positioning the plurality
of fiber tows 204. In certain examples, fiber tows 204 are
pre-impregnated or partially pre-impregnated fiber tows,
but other examples can include hand laid up fiber tows.
[0038] In step 404, infusion films 202 is applied to com-
posite laminate 214 to form an initial, pre-cured, version
of composite structure 200. Infusion film 202 is disposed
to one or more surfaces of composite laminate 214. In
various examples, infusion film 202 is applied through
various techniques appropriate for applying resins films
onto laminates.
[0039] In step 406, composite structure 200 is dis-
posed within vacuum bag 320. Composite structure 200
then proceeds through the curing process in steps 408
to 414 which, in certain examples, is performed out of
autoclave.
[0040] As described herein, a vacuum is created within
vacuum bag 320 to create a vacuum environment around
composite structure 200 and composite structure 200 is
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heated (e.g., due to a heated vacuum bag or other heat
sources contacting or disposed around vacuum bag 320)
in step 408. The vacuum creation and heating of step
408 encompasses steps 410 to 414. Atmospheric pres-
sure from the environment around vacuum bag 320 thus
imparts a pressure on vacuum bag 320 and, thus, com-
posite structure 200 (e.g., infusion film 202).
[0041] In certain examples, composite structure 200 is
first heated to the first temperature range described here-
in (e.g., a temperature range of between 200 to 300 de-
grees Fahrenheit), which is lower than the second tem-
perature range (e.g., a temperature range of between
300 to 400 degrees Fahrenheit). In the first temperature,
infusion film 202 migrates into composite laminate 214
in step 410. In step 412, when in the first temperature
range, in certain examples, resin 206 starts to migrate
towards second portions 208 of fiber tows, but in other
examples, resin 206 only migrates towards second por-
tions 208 when composite structure 200 is heated to the
second temperature range.
[0042] In step 414, as infusion film 202 migrates into
composite laminate 214 due to positive pressure from
vacuum bag 320 and/or as resin 206 migrates towards
second portions 208 (thus creating a negative pressure
that pulls infusion film 202 into composite laminate 214)
infusion film 202 flows into voids 212 of composite lam-
inate 214. Thus, infusion film 202 fills voids that would
otherwise reduce the strength of composite laminate 214.
[0043] After composite structure 200 has been formed
with voids 212 filled by infusion film 202, composite struc-
ture 200 is finalized in step 416. Finalization of composite
structure 200 includes, in various examples, final curing,
post processing (e.g., trimming), or finishing (e.g., coat-
ing) of composite structure 200.

Examples of void frequency within composite struc-
tures

[0044] FIG. 5A illustrates a cross-sectional represen-
tation of a cured infusion film composite structure, in ac-
cordance with some examples. Composite structure 200
is formed and cured according to the techniques de-
scribed herein. Composite structure 200 includes void
330, but is otherwise free of voids.
[0045] FIG. 5B illustrates a cross-sectional represen-
tation of another composite structure, in accordance with
some examples. Composite structure 500 of FIG. 5B is
formed without an infusion film. As shown in FIG. 5B,
composite structure 500 includes a plurality of voids
530AN. The number of voids within composite structure
500 is significantly higher than the number of voids within
composite structure 200. Furthermore, some such voids
are larger in size than void 330 of composite structure
200.
[0046] The examples of FIGs. 5A and 5B are abstract
representations based on actual test results. The actual
test results show that composite structures without the
infusion film has a significant amount of voids when

cured. In the actual results, the composite structure with
the infusion film had a porosity level of 0.36% while the
composite structure without the infusion film had a po-
rosity level of 2.72%. Both composite structures were
formed with out of autoclave processes, though the ex-
ample of FIG. 5A was formed with a simpler and, thus,
more cost effective out of autoclave process that did not
require any edge dams, edge trimming, or pre-cure vac-
uum dwell. The example of FIG. 5B was fabricated with
a process that includes such edge dams, edge trimming,
and pre-cure vacuum dwell to aid the extraction of air out
of the fiber tows.
[0047] The low porosity of the composite structure with
the infusion film allows for utilization of out of autoclave
forming, which significantly reduces cost due to the elim-
ination of the costly autoclave. Furthermore, autoclaves
exert significant pressure on composite structures and,
thus, require core crush prevention structures to avoid
crushing honeycomb. The much lower (one atmosphere)
of pressure exerted with an out of autoclave process does
not require core crush prevention structures, further re-
ducing cost.

Vehicle Examples

[0048] While the systems, apparatus, and methods
disclosed above have been described with reference to
airplanes and the aerospace industry, it will be appreci-
ated that the examples disclosed herein is applicable to
other contexts as well, such as automotive, railroad, and
other mechanical and vehicular contexts. Accordingly,
examples of the disclosure is described in the context of
an airplane manufacturing and service method 600 as
shown in FIG. 6A and vehicle 100 as shown in FIG. 6B
in applicable to such other contexts.
[0049] FIG. 6A illustrates a flow chart of an example
of a vehicle production and service methodology, in ac-
cordance with some examples. In some examples, dur-
ing pre-production, method 600 includes the specifica-
tion and design 604 of vehicle 100 (e.g., an aircraft as
shown in FIG. 1A) and material procurement 606. During
production, component and subassembly manufacturing
608 and system integration 610 of vehicle 100 takes
place. Thereafter, vehicle 100 goes through certification
and delivery 612 in order to be placed in service 614.
While in service by a customer, the vehicle 100 is sched-
uled for routine maintenance and service 616 (e.g., mod-
ification, reconfiguration, refurbishment, and so on).
[0050] In certain examples, each of the processes of
method 600 is performed or carried out by a system in-
tegrator, a third party, and/or an operator (e.g., a cus-
tomer). For the purposes of this description, a system
integrator includes any number of airplane manufactur-
ers and major-system subcontractors; a third party in-
cludes any number of venders, subcontractors, and sup-
pliers; and an operator can be an airline, leasing compa-
ny, military entity, service organization, and so on.
[0051] FIG. 6B illustrates a block diagram of an exam-
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ple of a vehicle, in accordance with some examples. As
shown in FIG. 6B, the vehicle 100 (e.g., an aircraft) pro-
duced by method 600 includes airframe 618 with plurality
of systems 620, and interior 622. Examples of systems
620 include one or more of propulsion system 624, elec-
trical system 626, hydraulic system 628, and environ-
mental system 630. In various examples, other systems
are also included within vehicle 100. Although an aero-
space example is shown, the principles of the embodi-
ments disclosed herein is applicable to other industries,
such as the automotive industry.

Further Examples

[0052] Further, the disclosure includes examples ac-
cording to the following clauses:

Clause 1. A composite structure 200 comprising:

a composite laminate 214, comprising a first
laminate surface 240, a second laminate sur-
face 242, and a plurality of fiber tows 204 dis-
posed between the first laminate surface 240
and the second laminate surface 242,

wherein each of the plurality of fiber tows
204 comprises a plurality of fiber strands
218 and a resin 206,

wherein the resin 206 is disposed within a
first portion 210 of each of the plurality of
fiber tows 204,

wherein each of the plurality of fiber tows
204 is disposed proximate to a different one
of the plurality of fiber tows 204, and

wherein the resin 206 has a first viscosity
within a first temperature range; and

an infusion film 202, disposed on the first lami-
nate surface 240 of the plurality of fiber tows 204,

wherein the infusion film 202 has a second
viscosity that is lower than the first viscosity
of the resin 206 within the first temperature
range, and

wherein the infusion film 202 is configured
to flow into the composite laminate 214
when the infusion film 202 is within the first
temperature range.

Clause 2. The composite structure 200 of clause 1,
wherein the composite laminate 214 further compris-
es a void 212, disposed between the plurality of fiber
tows 204, and wherein the infusion film 202 is con-
figured to flow into the void 212 when the infusion

film 202 is within the first temperature range.

Clause 3. The composite structure 200 of any one
of clauses 1 or 2, wherein the first portion 210 is an
outer portion of each of the plurality of fiber tows 204.

Clause 4. The composite structure 200 of clause 3,
wherein the plurality of fiber tows 204 each further
comprise a second portion 208 free of the resin 206.

Clause 5. The composite structure 200 of clause 4,
wherein the resin 206 is configured to migrate into
the second portion 208 when in a second tempera-
ture range greater than the first temperature range.

Clause 6. The composite structure 200 of clause 4,
wherein the second portion 208 is a center portion
of the plurality of fiber tows 204.

Clause 7. The composite structure 200 of any one
of clauses 1-6, wherein the infusion film 202 is a first
infusion film 202A and the composite structure 200
further comprises:
a second infusion film 202B, disposed on the second
laminate surface 242, wherein the second infusion
film 202B has the second viscosity that is lower than
the first viscosity of the resin 206 within the first tem-
perature range and is configured to flow into the com-
posite laminate 214 when the second infusion film
202 is within the first temperature range, and wherein
the second laminate surface 242 is opposite of the
first laminate surface 240.

Cause 8. The composite structure 200 of any one of
clauses 1-7, wherein the composite laminate 214 is
a first composite laminate 214A comprising a first
plurality of fiber tows 204, and wherein the composite
structure 200 further comprises:
a second composite laminate 214B comprising a
second plurality of fiber tows 204, wherein the infu-
sion film 202 is disposed between the first composite
laminate 214A and the second composite laminate
214B.

Clause 9. The composite structure 200 of any one
of clauses 1-8, wherein the composite structure 200
is configured to be coupled to a portion of an aircraft
100.

Clause 10. A composite structure 200 comprising:

a first composite laminate 214A;

a second composite laminate 214B, wherein
each of the first composite laminate 214A and
the second composite laminate 214B comprises
a plurality of fiber tows 204,
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wherein each of the plurality of fiber tows
204 comprises a plurality of fiber strands
218 and a resin 206,

wherein the resin 206 is disposed within a
first portion 210 of each of the plurality of
fiber tows 204,

wherein each of the plurality of fiber tows
204 is disposed proximate to a different one
of the plurality of fiber tows 204, and

wherein the resin 206 has a first viscosity
within a first temperature range; and an in-
fusion film 202, disposed between the first
composite laminate 214A and the second
composite laminate 214B,

wherein the infusion film 202 has a second
viscosity that is lower than the first viscosity
of the resin 206 within the first temperature
range, and

wherein the infusion film 202 is configured
to flow into the first composite laminate
214A, the second composite laminate
214B, or both when the infusion film 202 is
within the first temperature range.

Clause 11. A method 400 comprising:

disposing 406 a vacuum bag 320 around a com-
posite structure 200, the composite structure
200 comprising:

a composite laminate 214, comprising a first
laminate surface 240, a second laminate
surface 242, and a plurality of fiber tows 204
disposed between the first laminate surface
240 and the second laminate surface 242,

wherein each of the plurality of fiber
tows 204 comprises a plurality of fiber
strands 218 and a resin 206,

wherein the resin 206 is disposed within
a first portion 210 of each of the plurality
of fiber tows 204, and

wherein the resin 206 has a first viscos-
ity within a first temperature range; and

an infusion film 202, disposed on the first
laminate surface 240 of the plurality of fiber
tows 204,

wherein the infusion film 202 has a sec-
ond viscosity that is lower than the first

viscosity of the resin 206 within the first
temperature range, and

wherein the infusion film 202 is config-
ured to flow into the composite laminate
214 when the infusion film 202 is within
the first temperature range;

reducing pressure 408 inside the vacuum bag
320 to provide a compressive force on the com-
posite structure 200; and

heating the composite structure 200 to a first
temperature range to flow 410 the infusion film
202 into the composite laminate 214.

Clause 12. The method of clause 11, further com-
prising:
filling 414 a void 212 within the composite laminate
214 with the infusion film 202.

Clause 13. The method of any one of clauses 11 or
12 , further comprising:
heating the composite structure 200 to a second tem-
perature range to migrate 412 the resin 206 into a
second portion 208 of the fiber tows 204.

Clause 14. The method of clause 13, wherein the
second portion 208 is a center portion of the fiber
tows 204.

Clause 15. The method of clause 13, wherein the
migrating 412 of the resin 206 into the second portion
208 displaces air from the second portion 208.

Clause 16. The method of clause 13, wherein the
migrating 412 of the resin 206 into the second portion
208 further flows the infusion film 202 into the com-
posite laminate 214.

Clause 17. The method of any one of clauses 11-16,
further comprising:
laying up 402 the composite laminate 214.

Clause 18. The method of any one of clauses 11-17,
further comprising:
applying 404 the infusion film 202A to the first lami-
nate surface 240.

Clause 19. The method of clause 18, further com-
prising:
applying 404 the infusion film 202B to the second
laminate surface 242.

Clause 20. The method of any one of clauses 11-19,
further comprising:
coupling the composite structure 200 to a portion of
an aircraft 100.
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Conclusion

[0053] Although foregoing concepts have been de-
scribed in some detail for purposes of clarity of under-
standing, it will be apparent that certain changes and
modifications may be practiced within scope of appended
claims. It should be noted that there are many alternative
ways of implementing processes, systems, and appara-
tuses. Accordingly, present examples are to be consid-
ered as illustrative and not restrictive.

Claims

1. A composite structure (200) comprising:

a composite laminate (214), comprising a first
laminate surface (240), a second laminate sur-
face (242), and a plurality of fiber tows (204)
disposed between the first laminate surface
(240) and the second laminate surface (242),

wherein each of the plurality of fiber tows
(204) comprises a plurality of fiber strands
(218) and a resin (206),
wherein the resin (206) is disposed within a
first portion (210) of each of the plurality of
fiber tows (204),
wherein each of the plurality of fiber tows
(204) is disposed proximate to a different
one of the plurality of fiber tows (204), and
wherein the resin (206) has a first viscosity
within a first temperature range; and

an infusion film (202), disposed on the first lam-
inate surface (240) of the plurality of fiber tows
(204),

wherein the infusion film (202) has a second
viscosity that is lower than the first viscosity
of the resin (206) within the first temperature
range, and
wherein the infusion film (202) is configured
to flow into the composite laminate (214)
when the infusion film (202) is within the first
temperature range.

2. The composite structure (200) of claim 1, wherein
the composite laminate (214) further comprises a
void (212), disposed between the plurality of fiber
tows (204), and wherein the infusion film (202) is
configured to flow into the void (212) when the infu-
sion film (202) is within the first temperature range.

3. The composite structure (200) of claims 1-2, wherein
the first portion (210) is an outer portion of each of
the plurality of fiber tows (204).

4. The composite structure (200) of claims 1-3, wherein
the plurality of fiber tows (204) each further comprise
a second portion (208) free of the resin (206) option-
ally,
wherein the resin (206) is configured to migrate into
the second portion (208) when in a second temper-
ature range greater than the first temperature range.

5. The composite structure (200) of claims 1-4, wherein
the second portion (208) is a center portion of the
plurality of fiber tows (204).

6. The composite structure (200) of claims 1-5, wherein
the infusion film (202) is a first infusion film (202A)
and the composite structure (200) further comprises:
a second infusion film (202B), disposed on the sec-
ond laminate surface (242), wherein the second in-
fusion film (202B) has the second viscosity that is
lower than the first viscosity of the resin (206) within
the first temperature range and is configured to flow
into the composite laminate (214) when the second
infusion film (202) is within the first temperature
range, and wherein the second laminate surface
(242) is opposite of the first laminate surface (240).

7. The composite structure (200) of claims 1-6, wherein
the composite laminate (214) is a first composite
laminate (214A) comprising a first plurality of fiber
tows (204), and wherein the composite structure
(200) further comprises:
a second composite laminate (214B) comprising a
second plurality of fiber tows (204), wherein the in-
fusion film (202) is disposed between the first com-
posite laminate (214A) and the second composite
laminate (214B).

8. A method (400) comprising:

disposing (406) a vacuum bag (320) around a
composite structure (200), the composite struc-
ture (200) comprising:

a composite laminate (214), comprising a
first laminate surface (240), a second lam-
inate surface (242), and a plurality of fiber
tows (204) disposed between the first lam-
inate surface (240) and the second laminate
surface (242),

wherein each of the plurality of fiber
tows (204) comprises a plurality of fiber
strands (218) and a resin (206),
wherein the resin (206) is disposed
within a first portion (210) of each of the
plurality of fiber tows (204), and
wherein the resin (206) has a first vis-
cosity within a first temperature range;
and
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an infusion film (202), disposed on the first
laminate surface (240) of the plurality of fib-
er tows (204),

wherein the infusion film (202) has a
second viscosity that is lower than the
first viscosity of the resin (206) within
the first temperature range, and
wherein the infusion film (202) is con-
figured to flow into the composite lam-
inate (214) when the infusion film (202)
is within the first temperature range;

reducing pressure (408) inside the vacuum bag
(320) to provide a compressive force on the
composite structure (200); and
heating the composite structure (200) to the first
temperature range to flow (410) the infusion film
(202) into the composite laminate (214).

9. The method of claim 8, further comprising:
filling (414) a void (212) within the composite lami-
nate (214) with the infusion film (202).

10. The method of claims 8-9, further comprising:
heating the composite structure (200) to a second
temperature range to migrate (412) the resin (206)
into a second portion (208) of the fiber tows (204).

11. The method of claims 8-10, wherein the second por-
tion (208) is a center portion of the fiber tows (204)
optionally
, wherein the migrating (412) of the resin (206) into
the second portion (208) displaces air from the sec-
ond portion (208).

12. The method of claims 8-11, wherein the migrating
(412) of the resin (206) into the second portion (208)
further flows the infusion film (202) into the compos-
ite laminate (214).

13. The method of claims 8-12, further comprising:
laying up (402) the composite laminate (214).

14. The method of claims 8-13, further comprising:

applying (404) the infusion film (202A) to the first
laminate surface (240); and
applying (404) the infusion film (202B) to the
second laminate surface (242).

15. The method of claims 8-14, wherein the reducing the
pressure (408) and the heating the composite struc-
ture (200) are performed out of autoclave.

Amended claims in accordance with Rule 137(2)
EPC.

1. A composite structure (200) comprising:

a composite laminate (214), comprising a first
laminate surface (240), a second laminate sur-
face (242), and a plurality of fiber tows (204)
disposed between the first laminate surface
(240) and the second laminate surface (242),

wherein each of the plurality of fiber tows
(204) comprises a plurality of fiber strands
(218) and a resin (206),
wherein the resin (206) is disposed within a
first portion (210) of each of the plurality of
fiber tows (204),
wherein each of the plurality of fiber tows
(204) is disposed proximate to a different
one of the plurality of fiber tows (204), and
wherein the resin (206) has a first viscosity
within a first temperature range; and

an infusion film (202), disposed on the first lam-
inate surface (240) of the plurality of fiber tows
(204),

wherein the infusion film (202) has a second
viscosity that is lower than the first viscosity
of the resin (206) within the first temperature
range, and
wherein the infusion film (202) is configured
to flow into the composite laminate (214)
when the infusion film (202) is within the first
temperature range.

2. The composite structure (200) of claim 1, wherein
the composite laminate (214) further comprises a
void (212), disposed between the plurality of fiber
tows (204), and wherein the infusion film (202) is
configured to flow into the void (212) when the infu-
sion film (202) is within the first temperature range.

3. The composite structure (200) of claims 1-2, wherein
the first portion (210) is an outer portion of each of
the plurality of fiber tows (204).

4. The composite structure (200) of claims 1-3, wherein
the plurality of fiber tows (204) each further comprise
a second portion (208) free of the resin (206) option-
ally,
wherein the resin (206) is configured to migrate into
the second portion (208) when in a second temper-
ature range greater than the first temperature range.

5. The composite structure (200) of claim 4, wherein
the second portion (208) is a center portion of the
plurality of fiber tows (204).
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6. The composite structure (200) of claims 1-5, wherein
the infusion film (202) is a first infusion film (202A)
and the composite structure (200) further comprises:
a second infusion film (202B), disposed on the sec-
ond laminate surface (242), wherein the second in-
fusion film (202B) has the second viscosity that is
lower than the first viscosity of the resin (206) within
the first temperature range and is configured to flow
into the composite laminate (214) when the second
infusion film (202) is within the first temperature
range, and wherein the second laminate surface
(242) is opposite of the first laminate surface (240).

7. The composite structure (200) of claims 1-6, wherein
the composite laminate (214) is a first composite
laminate (214A) comprising a first plurality of fiber
tows (204), and wherein the composite structure
(200) further comprises:
a second composite laminate (214B) comprising a
second plurality of fiber tows (204), wherein the in-
fusion film (202) is disposed between the first com-
posite laminate (214A) and the second composite
laminate (214B).

8. A method (400) comprising:

disposing (406) a vacuum bag (320) around a
composite structure (200), the composite struc-
ture (200) comprising:

a composite laminate (214), comprising a
first laminate surface (240), a second lam-
inate surface (242), and a plurality of fiber
tows (204) disposed between the first lam-
inate surface (240) and the second laminate
surface (242),

wherein each of the plurality of fiber
tows (204) comprises a plurality of fiber
strands (218) and a resin (206),
wherein the resin (206) is disposed
within a first portion (210) of each of the
plurality of fiber tows (204), and
wherein the resin (206) has a first vis-
cosity within a first temperature range;
and

an infusion film (202), disposed on the first
laminate surface (240) of the plurality of fib-
er tows (204),

wherein the infusion film (202) has a
second viscosity that is lower than the
first viscosity of the resin (206) within
the first temperature range, and
wherein the infusion film (202) is con-
figured to flow into the composite lam-
inate (214) when the infusion film (202)

is within the first temperature range;

reducing pressure (408) inside the vacuum bag
(320) to provide a compressive force on the
composite structure (200); and
heating the composite structure (200) to the first
temperature range to flow (410) the infusion film
(202) into the composite laminate (214).

9. The method of claim 8, further comprising:
filling (414) a void (212) within the composite lami-
nate (214) with the infusion film (202).

10. The method of claims 8-9, further comprising:
heating the composite structure (200) to a second
temperature range to migrate (412) the resin (206)
into a second portion (208) of the fiber tows (204).

11. The method of claim 10, wherein the second portion
(208) is a center portion of the fiber tows (204) op-
tionally
, wherein the migrating (412) of the resin (206) into
the second portion (208) displaces air from the sec-
ond portion (208).

12. The method of claims 10 or 11, wherein the migrating
(412) of the resin (206) into the second portion (208)
further flows the infusion film (202) into the compos-
ite laminate (214).

13. The method of claims 8-12, further comprising:
laying up (402) the composite laminate (214).

14. The method of claims 8-13, further comprising:

applying (404) the infusion film (202A) to the first
laminate surface (240); and
applying (404) the infusion film (202B) to the
second laminate surface (242).

15. The method of claims 8-14, wherein the reducing the
pressure (408) and the heating the composite struc-
ture (200) are performed out of autoclave.

23 24 



EP 3 815 885 A1

14



EP 3 815 885 A1

15



EP 3 815 885 A1

16



EP 3 815 885 A1

17



EP 3 815 885 A1

18



EP 3 815 885 A1

19



EP 3 815 885 A1

20



EP 3 815 885 A1

21



EP 3 815 885 A1

22



EP 3 815 885 A1

23



EP 3 815 885 A1

24



EP 3 815 885 A1

25



EP 3 815 885 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 815 885 A1

27

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

