wo 2010/051143 A2 [ T A0FO 0 RN

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 11N 000 1.0 D O 0 A
ernational Bureau S,/ ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
6 May 2010 (06.05.2010) WO 2010/051143 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B29C 70/54 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/US2009/059815 Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
7 October 2009 (07.10.2009) KR, KZ, ILA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, S@G, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

12/262.840 31 October 2008 (31.10.2008) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): MRA GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
SYSTEMS, INC. [US/US]; 103 Cheasapeake Park Plaza, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Baltimore, MD 21220 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors; and MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(75) Inventors/APpllcants (for US only): RIZZO, Katherine, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN. GQ. GW,
M. [US/US]; 338 Townsend Road, Baltimore, MD 21221 ML, MR, NE, SN, TD, TG)
(US). VELTEN, James, J. [US/US]; 1 Linwen Way, Bal- i T T ’
timore, MD 21236 (US). HOWARTH, Graham, F. [US/ Declarations under Rule 4.17:

US]; 7618 Zoci Drive, Baltimore, MD 21237 (US). — as to applicant’s entitlement to apply for and be granted
(74) Agents: MCQUAY, Mardson et al; General Electric a patent (Rule 4.17(ii))
Company, Global Patent Operation, P.O. Box 861, 2 Cor-

> . — as fto the applicant's entitlement to claim the priority of
porate Drive, Suite 648, Shelton, CT 06484 (US).

the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: PERFORATED COMPOSITE STRUCTURES AND METHODS THEREFORE

38

32_\ 36

34
STAGING

40

30 DRILLING

FIG. 2

(57) Abstract: Method including: (a) forming a laminate structure including a plurality of uncured prepreg sheets, wherein the
laminate structure comprises an initial substantially planar configuration; (b) subjecting the laminate structure to suitable first cur-
ing conditions to provide a partially cured laminate structure while maintaining the substantially planar configuration; (¢) provid-
ing the partially cured laminate structure with a plurality of perforations to provide a partially cured and perforated laminate struc-
ture; (d) shaping the partially cured and perforated laminate structure; and (e) subjecting the partially cured and perforated lami-
nate structure to second curing conditions at least partially simultaneously with or after step (d) to provide a shaped and finally
cured laminate structure.



WO 2010/051143 A2 W00 V0 )00 N0 T Y OO

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2010/051143 PCT/US2009/059815

PERFORATED COMPOSITE STRUCTURES AND METHODS THEREFORE
BACKGROUND OF THE INVENTION

This invention relates generally to the perforation of composite structures, and more
specifically to improved methods for providing perforated acoustic structures particularly
for use in acrospace applications or other applications where acoustic treatment of

composite structures may be required.

Composite skins for nacelle components, e.g., inlet, thrust reverser cowl, and blocker
doors, and engine duct acoustic panels require hundreds of thousands of small diameter
holes, approximately 0.030 to 0.080 inches (7.62 mm to 20.32 mm) in diameter, in a

precise pattern, and with good geometric quality and tolerances.

The perforations, or holes, may be made by various methods, depending on the
application. For example, punching may be used for uncured, thin, usually fiberglass,
skins of 1 or 2 plies. Mechanical drilling may be used for cured graphite or fiberglass
skins, drilled 1, 2 or 4 holes at a time, in a typical semi-circular cowl skin cured to its
finished geometric shape. Flatter skins or structures may be drilled with more holes at a
time dependent on skin shape, hole size and tolerance, drill forces, etc. Mechanical
drilling of cured skins is extremely slow, uses specialized, expensive equipment, and
requires frequent replacement of expensive, specialized drill bit. Pin molding, where
uncured laminate sheets are forced onto metallic or non-metallic pin mats prior to cure,
and process through to cure, is a conventional method. However, each of these processes
present significant problems. For example, punching is not useful for graphite or high
strength fiber reinforced composites. Mechanical drilling is extremely slow and uses
expensive equipment. Pin molding is slow and labor intensive with significant recurring
cost elements. Problems with certain perforation methods are set forth, for example, in
U.S. Pat. Nos. 5,268,055 and 5,252,279.

Accordingly, it would be desirable to provide perforated composite structures that avoid

the problems encountered in known processes.
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BRIEF DESCRIPTION OF THE INVENTION

The above-mentioned need or needs may be met by exemplary embodiments that provide
methods for achieving perforated composite structures having a large quantity of small
diameter, high quality holes therein. For example, exemplary embodiments disclosed
herein provide acoustic skins for use in aerospace applications as well as industrial,
medical, civil and other transport applications where acoustic treatment of composite
structures may be required. Exemplary embodiments may also be utilized in composite,
acrospace control surfaces (including wing and stabilizer structures) and nacelle

applications to provide small modification or laminar flow enhancement.

An exemplary method includes: (a) forming a laminate structure including a plurality of
uncured prepreg sheets, wherein the laminate structure comprises an initial substantially
planar configuration; (b) subjecting the laminate structure to suitable first curing
conditions to provide a partially cured laminate structure while maintaining the
substantially planar configuration; (c) providing the partially cured laminate structure
with a plurality of perforations to provide a partially cured and perforated laminate
structure; (d) shaping the partially cured and perforated laminate structure; and (e)
subjecting the partially cured and perforated laminate structure to second curing
conditions at least partially simultaneously with or after step (d) to provide a shaped and

finally cured laminate structure.

An exemplary embodiment includes an article comprising a shaped and finally cured

laminate structure formed by the method described above.

An exemplary method includes: (a) forming a laminate structure including a plurality of
uncured prepreg sheets comprising fiber reinforced epoxy resin, wherein the laminate
structure comprises an initial substantially planar configuration; (b) subjecting the
laminate structure to suitable first curing conditions including heating the laminate
structure a temperature below a predetermined final curing temperature to provide a
partially cured laminate structure while maintaining the substantially planar
configuration; (c) subsequent to (b), cooling the partially cured laminate structure to
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inhibit further curing of the epoxy resin; (d) subsequent to (c), providing the partially
cured laminate structure with a plurality of perforations to provide a partially cured and

perforated laminate structure.

An exemplary embodiment includes an article comprising a partially cured and

perforated laminate structure by the method described above.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is particularly pointed out and
distinctly claimed in the concluding part of the specification. The invention, however,
may be best understood by reference to the following description taken in conjunction

with the accompanying drawing figures in which:

FIG. 1 illustrates an exemplary acoustic structure having a plurality of perforations

therein.
FIG. 2 provides schematic representations of laminated structures in various conditions.

FIG. 3 provides an exemplary total cure cycle for a laminated structure as disclosed

herein.
FIG. 4 is an exemplary process flow chart.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings wherein identical reference numerals denote the same elements
throughout the various views, FIG. 1 shows exemplary acoustic structures in use in a
nacelle 10 of a jet aircraft. For example, arcuate inner surface 12 of a nose cowl 14 and
the arcuate inner surface 15 of a thrust reverser 16 may include laminate acoustic
structures. To achieve the desired acoustic effect, the structure includes laminate
composite skins typically from one to ten composite plies thick with holes ranging from
about .030 to .080 inches (7.62 mm to 20.32 mm) diameter and with precise tolerances on

hole location, size, geometry, and normalcy to the surface. Although illustrated in
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connection with an aircraft nacelle, other acoustic structures are contemplated within the
scope of this invention. Such other acoustic structures may require different numbers of
composite plies or size and arrangement of holes as can be appreciated by those skilled in

the art.

Embodiments disclosed herein utilize composite pre-impregnated sheets, particularly a
graphite material impregnated with epoxy (pre-preg), although other resin systems such
as bismaleimide are contemplated. As illustrated in FIG. 2, a plurality of pre-preg sheets
30 are arranged into a laminate structure 32 in a prearranged manner, as is known in the

art. Initially, the laminate structure 32 comprises a substantially planar configuration.

In an exemplary embodiment, the laminate structure 32 is subjected to a “staging” or
partial cure operation, indicated by arrow 34. The staged or partially cured laminate
structure 36 is then subjected to a perforating operation. A drill 38 or other implement
may be utilized to perforate the partially cured laminate structure 36, as indicated by
arrow 40, with the desired number of holes 44. The perforations may be created by
drilling, punching, or other rapid machining process using conventional machine tools.
The machining tool may include single or multiple machine heads configured with
multiple pins or drills. In an exemplary embodiment the planar, partially cured laminate
structure is drilled with a machine drill head incorporating sixty-four drills operating
simultaneously. Other exemplary embodiments may include more or less simultancously
operating drills dependent on drill size, hole proximity, laminate thickness, resin type,
and machine capability. Other exemplary embodiments include drilling of multiple
partially cured laminated skins, i.e., several skins each comprised of multiple plies. The
number of laminated skins able to be simultaneously drilled is dependent on resin type,
fiber reinforcement type and weave, drill size, laminate per ply thickness, and ply
quantity. The perforated, partially cured laminate structure 42 is thereafter shaped and

finally cured.

Several factors impact the extent to which the laminate structure is partially cured. Some

of the factors include an evaluation of structural material properties in the laminate
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structure resulting from a partial cure followed by a final cure, the ability of the holes to
stay open and fully formed curing the final cure, the formability of the laminate structure
during the final cure, and the like. The laminate structure may be partially cured using an
autoclave, oven, heated press, or other suitable apparatus known to those with skill in the

pertinent art.

Once established, the partial cure parameters (e.g., pressure, temperature, time) are
incorporated into the overall composite processing requirements. Of course, those will
skill in the art will appreciate that the partial cure parameters may be optimized at
different values based on such factors as resin type, hole size, fiber reinforcement type

and weave, laminate thickness, and the like.

In an exemplary embodiment, the perforated, partially cured laminate structure is then
placed into a mold for forming and subjected to final cure conditions. The final cure may
be achieved by any conventional means known in the art such as use of an autoclave,
oven, or press with appropriate temperature, vacuum, and/or pressure. In an exemplary
embodiment, the partially cured laminate structure retains enough pliability to take the
shape of the mold, yet still yield acceptable structural mechanical properties after final
cure. In an exemplary embodiment, the shaped laminate structure is cured to a final
configuration under suitable cure conditions. The shaped and finally cured laminate
structure is utilized for structural and/or acoustic applications. In other exemplary
embodiments, the perforated, partially cured laminate structure may be shaped, molded,
or otherwise formed at temperatures less than the final cure temperature. After shaping,
the shaped/perforated/partially cured laminate structure may be subjected to cold storage

before a subsequent final cure cycle.

An exemplary total cure cycle 48, including the partial cure, is illustrated in FIG. 3,
wherein the prepreg material comprises fiber reinforcement material in an epoxy resin.
As shown, the initial laminate structure undergoes “staging” or a partial cure step
illustrated by curve 50. The perforating step is illustrated by line 52. A shaping or
forming step is illustrated by curve 54. The shaping or forming step may be followed by
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a time lag, illustrated by gap 58 in line 56. The final cure cycle is illustrated by curve 60.
In an exemplary embodiment, the staging step may be followed by a time lag as
illustrated by gap 62 in line 56. In an exemplary cure cycle 48, the heat ramps may be at
a rate of about 1.5° F/min (0.8 °C/min). In an exemplary cure cycle, curve 50 may
include a hold time of about 60 minutes, curve 54 may include a hold time of about 45-60
minutes, and curve 60 may include a hold time of about 120 minutes. In an exemplary
embodiment, the time lags illustrated by gap 58 and gap 62 in FIG. 3 may include cold
storage at a temperature able to inhibit further reaction of the resin system. The
illustrated total cure cycle 48 is provided in an exemplary manner only. Other cure
cycles are contemplated within the scope of the invention. Those with skill in the art will
appreciate that the initial laminate structure may also be placed in cold storage prior to

subjecting the laminate structure to the partial cure conditions.

FIG. 4 provides a flow chart of an exemplary method as disclosed herein. An exemplary
method includes arranging uncured composite plies into a substantially planar laminate
structure (Step 100). The planar laminate structure is partially cured (staged) (Step 102).
The laminate structure is then perforated by drilling or other perforation methods while
still in a substantially planar condition (Step 104). The partially-cured/perforated
laminate structure is shaped (Step 106) and finally cured (Step 108). In certain
exemplary embodiments, Step 106 and Step 108 may occur at least partially
simultaneously, in a mold, autoclave, or other curing device, as depicted by the dotted
box 110 in FIG. 4. In other exemplary embodiments, Step 106 and Step 108 may occur
sequentially. It is envisioned that those with skill in the art will appreciate that there may
be a time lag between Step 102 and Step 104, and between Step 106 and Step 108 of up
to about 24 hours subject to cold storage of the partially cured laminate structure. The
possible time lags are illustrated by gaps 58, 62 in FIG. 3. Exemplary perforating
processes include mechanical drilling, punching, laser drilling, electron beam drilling and
the like.

During the final cure, the holes substantially retain their close-toleranced drilled or

punched shape and entry/exit geometry. In other words, round holes remain substantially
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round. Slight and predictable shrinkage of the hole diameter occurs, dependent upon the
flow characteristics of the resin yet to be cured in the final cure. The slight flow can be
beneficial in that it seals or covers the fibrous ends of the reinforcement material exposed
during the drilling operation. Thus, subsequent fluid ingress or absorption during service

may be reduced or eliminated.

The exemplary methods disclosed herein may be practiced with fiberglass and
graphite/epoxy composite materials, bismaleimide/fiberglass, bismaleimide/fiberglass
composite materials, and other fiber reinforcements, both continuous and non-continuous

such as nylon, Kevlar®, and the like.

Exemplary methods disclosed herein are not limited to the composite structures discussed
above. The principles taught herein may be expanded for use with fiber reinforced
thermoplastic resins or consolidated fiber/thermoplastic sheet materials using PPS, PEK,
PEEK and other resins. For example, multiple small diameter acoustic holes may be
formed when the reinforced thermoplastic material is in a planar state prior to shaping

and curing to a final formed state.

It is envisioned that embodiments disclosed herein may be particularly useful for forming
microperforated composite structures for improved acoustic effects and improvements to

laminar flow over acrodynamic surfaces. The hole diameters for microperforates may be

about 0.005 inch (about .13 mm).

Thus, exemplary embodiments disclosed herein provide methods for forming perforated
composite structures that avoid the problems heretofore encountered in the art by
partially curing the laminate structure (staging), perforating the partially cured laminate
structure (e.g., drilling), shaping the partially cured laminate structure (molding), and

finally curing the laminate structure.

This written description uses examples to disclose the invention, including the best mode,
and also to enable any person skilled in the art to make and use the invention. The

patentable scope of the invention is defined by the claims, and may include other
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examples that occur to those skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal languages of the claims.
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WHAT IS CLAIMED IS:
1. Method including:

forming a laminate structure including a plurality of uncured prepreg sheets, wherein the

laminate structure comprises an initial substantially planar configuration;

subjecting the laminate structure to suitable first curing conditions to provide a partially

cured laminate structure while maintaining the substantially planar configuration;

providing the partially cured laminate structure with a plurality of perforations to provide

a partially cured and perforated laminate structure;
shaping the partially cured and perforated laminate structure; and

subjecting the partially cured and perforated laminate structure to second curing
conditions at least partially simultaneously with or after step (d) to provide a shaped and

finally cured laminate structure.

2. The method according to claim 1 wherein the partially cured and perforated

laminate structure is subjected to the second curing conditions after step (d).

3. The method according to claim 1 wherein in step (¢), providing the partially cured
laminate structure with the plurality of perforations includes utilizing at least one process
selected from: a mechanical drilling process, a punching process, a laser drilling process,

an electron beam drilling process.

4. The method according to claim 1 wherein in (a) forming a laminate structure
includes utilizing prepreg sheets comprising at least one member selected from: fiber
reinforced epoxy resin, fiberglass and graphite reinforced epoxy resin, fiberglass
reinforced bismaleimide resin, fiber reinforced thermoplastic resin, and fiber reinforced

epoXy resin.
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5. The method according to claim 1 wherein at least one of step (b) and step (d) is

followed by a time lag at a temperature able to inhibit further curing.

6. An article comprising the shaped and finally cured laminate structure formed by

the method according to claim 1.

7. The article according to claim 6 comprising an acoustic structure for an aircraft
nacelle.

8. The article according to claim 6 having an arcuate shape.

9. The article according to claim 6 wherein the perforations are substantially round.
10.  The article according to claim 9 wherein the perforations each have a diameter of

about .030 to .080 inches (about 7.62 mm to 20.32 mm).

11.  The article according to claim 9 wherein the perforation each have a diameter of

about 0.005 inch (about .13 mm).
12. A method comprising:

forming a laminate structure including a plurality of uncured prepreg sheets comprising
fiber reinforced epoxy resin, wherein the laminate structure comprises an initial

substantially planar configuration;

subjecting the laminate structure to suitable first curing conditions including heating the
laminate structure a temperature below a predetermined final curing temperature to
provide a partially cured laminate structure while maintaining the substantially planar

configuration;

subsequent to (b), cooling the partially cured laminate structure to inhibit further curing

of the epoxy resin;

subsequent to (c), providing the partially cured laminate structure with a plurality of

perforations to provide a partially cured and perforated laminate structure.
-10-
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13.  An article comprising a partially cured and perforated laminate structure formed

by the method according to claim 12.
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