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ARTICLES MADE FROM COMPOSITE MATERIALS HAVING TOUGHENED
AND UNTOUGHENED REGIONS

TECHNICAL FIELD
[0001] Embodiments described herein generally relate 1o articles made from
composite matenials. More particularly, embodiments herein generally describe fan

casings made from composite materials having toughened and ontoughened regions.

BACKGROUND OF THE INVENTION

{0002] In eas turbine engines, such as airerafl engines, air is drawn into the fromt of
the engine, compressed by a shaft-mounted compressor, and nmuxed with fuel in a
combustor. The mixture is then bumed and the hot exhaust pases are passed through
a twrbine mounted on the same shafi. The flow of combustion gas expands through
the turbine. which in turn spins the shafl and provides power 1o the compressor. The
hot exhaust gases are [urther expanded through norzles at the back of the engine,
generaling powerful thrust, which drives the aireraft forward.

[0003] Because engines operate in a variety of conditions, [oreign olyects may
sometimes undesirably enter the enzine. More spectficallyv, foraign objects, such as
large birds, hailstones, sand and rain may be entrained in the inlet of the engine. Asa
result, these foreign objects mav unpact a fan bade and cause a portion of the
impacied blade to be tom loose from the rotor, which 18 commonty known ag fan
blade out. The loose fan blade mav then impact the interior of the fan casing at an
impact sone, thereby causing a portton of the casing to bulge or deflect. This
deformation of the casing may result i mcreased stresses along the entire

circummference of the {an casmng.



CA 02683851 2009-10-08
WO 2008/130739 PCT/US2008/055663

10004] In recent vears composite matenials have become increasingly popular for use
in a variely of aerospace applications because of their durabilitv and refative light
weight,  Although composite materials can provide superior strength and weight
properties, and can lessen the extent of damage to the [an casing duning mimpacts such
as blade ouls, mprovements can stili be made.

10005 Current containment lechnology, such as that used to manulacture fan casings,
cenerally requires the use of a thicker casing design at lagh stress regions. More
specificallv, current fan casings are often made using a thick, monolithic hardwall
design, which can help fragmentize a released {an blade and minimize the extent of
damage. The energy generated by a released fan blade mmpacting a hardwall Tan
casing can be dissipated by any of several controlied [atlure mechanisms mcluding
resin microcracking, composiie matenal phv delamunation, and composite material ply
{aiure.

[0006] All of the previously described energy dissipation mechanisms vequive the use
of an untoughenad resin to enswre controlled fatlure of the fan casing upon impact of
the released {an blade. More particularly, an untoughened epoxy resin can be apphed
uniformiv io the entive fan casing dunng resin application. Altar cuning, the resuiting
composiie material will have the previously desenbed controlied faslure mechamsms.
However, areas away from impact zones, or non-impact zones. need to be stronger i
order o maintain the integnity of the casing should an wnpact occwr.  Therelore,
addifional lavers of unioughened composiie matenal are often appbied m non-tmpact
zones in order to provide strength and toughness, as well as compensale for the lower

strength of the untoughened matenial. These additional lavers add undesived weaight to

the lan casing.
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0007 Accordingly, there remains a need for articles having increased strength m
desired regions without increasing the overall weight of the article.

BRIEF DESCRIPTION OF THE INVENTION
[0008] Embodiments herain generally relate (o articles comprising a body comprising
a composite material having at least one toughened region and at least one
untoughened region, the foughened region comprising a toughening agent selected
from the group consisting of polvmers, nano fibers, nano particies, and combinations
thereof wherein the toughened region comprises a {oughened resin having a fracture
toughness of at least about | OMPa-m'™
10009] Embodiments berein also generally refate to fan casmgs mcluding a body
comprising a composite matertal having at least one loughened region and at feast one
untoughened region, the {oughened region comprising a toughemng agent selected
from the group consisting of polvmers, nano fibers, nano particles, and combinations
thergofl wherein the untoughenad region comprises an mmpact zone and wheremn the
toughened region comprises a toughened resin having a fracture toughness ol al east
about 1.OMPa-m' "~
{0010] Embodiments bheremn also generally relate to gas turbine engines mcluding a
fan casing bhaving body made from a composite matenal compnising at least one
comprising a loughening agent selected from the group consisting of polvmers, nano
fibers. nano particles, and combinations thereof, and a transifion region betyween sach
tonghened region and untoughened region wherein the composite material comprises
a material selected from the group consisting of carbon liber. glass fiber, ceramic

fiber, graphite fiber, aramid fiber, and combinations thereof and wherein the

(3



CA 02683851 2009-10-08
WO 2008/130739 PCT/US2008/055663

toughened region comprises & toughened resin having a fracture toughness of at {east
about 1.OMPa-m'™ and the untoughened region comprizes an untoughenad resin
having a fracture toughness of less than about 1.0MPa-m’™

(0011] These and other features, aspects and advantages will become evident 10 those
skilled in the art from the following disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

10012] While the specification concludes with claims particularly pointing out and
distinctly claiming the invention, it 15 believed that the embodiments set forth heran
will be better understood from the following description i conjunchion with the

P

accompany ing lgures, in which bke reference numerals identify tike eternents.

FIG. 1 s a schematic cat away view ol one embodiment of a gas turbine
engine i accordance with the descniption heren:

FIG. 2 is a schematic view of one embodiment of a matenal m accordance

with the descrniption herein;

FIG. 3 18 a schematic view of one embodiment of a matenial having a

FIG. 5 1s a schematic view of another altemate embodiment of a matenal
having a toughening agent applied thereto 1n accordance with the descriplion herein.

FIG. 6 13 a schematic perspective view of one embodiment of a fan casing
preform 1 accordance with the desenption herein; and

FiG. 7 15 a schematic perspactive view of one embodiment of a fan casing m

accordance with the description heran,
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DETAILED DESCRIPTION QF THE INVENTION

{00131 Embodiments described herein generally relate to articles having toughened
and untoughened regions. Generally, such articies can comprise a body comprising a
composite material having at least one toughenead region and at feast one untoughened
region, the toughened region comprising a toughening agent selected from the group
consisting of polvmers, nano fibers, nano particles, and cominations thereof. While
embodiments herein may generally focus on composite fan casings for gas turbine
engines, 1t will be understood by those skilled in the art that the description should not
be limited {0 such.

[0014] Tuming to the figures, FIG. 1 15 a schemabic representation of one

embodiment of a gas turbime engine 10 that generally mcludes a fan assembiy 12 and

LY
L]

a core engine 4. Fan assembly 12 may melude a fan casing 16 and an array of lan
blades 18 extending radially outwardly from a rotor disc 20, Core engine 14 may
include a high-pressure compressor 22, a combustor 24, a high-pressure turbimne 26
and a low-pressure turbine 28, Engine 10 has an intake end 30 and an exhauost end 32
[00158] hutiallv, to make the composite matenals and articles descrtbed herem, a
maierial 38 may be provided as shown i FIG. 2. Any traditional {abric or multiaxial
non~crimp fabric capable of bemg combined wilh a resin to produce a composiie
material 18 acceptable for use herein as matersal 38, In one embodiment, material 38
may be a fiber fabric selected from the group consisting of carbon liber, glass lber,
ceramic fiber, graphute [ber, aramud [iber., and combinations thereot. As shown
FIG. 2, material 3§ mayv generally comprise multiple interwoven fiber tows 44,

10016] Once matenal 38 15 selected, a toughening agent 42 may be apphed 10 a

porlion thereof  Toughemng agent 42 may conyprise anvihing capabie of providing

.Y
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increased toughness o the finished composiie matenial a5 compared {o the toughness
present in the composite matenal without the application of a toughening agent as
described herein below. In one embodiment, toughening agent 42 mav be selected
from the group consisting of polvmers, nano fibers, nano particies, and comiunations
thereof, though it should not be limited to such.

10017 Toughening agent 42 mav be applied to matertal 38 in g vanety of wavs. For
mstance, fouchening agent 42 may compnse a polvmer. More specificaliy, m one
embodiment. toughening agent 42 mayv comprise a polvmer fiber that can be joined to
the desired portion or portions of material 38 such that when an untoughened resin g
later applied, as set forth heremn below. a toughened resin is produced. Joinng may
mciude placing the fiber onto the matenal or weaving the iber mto the matenal (as
shown v FIG. 3) in the desired location or locabions, for example.  In another
embodiment. toughening agent 42 may comprise a polymer powder {as shown i FlG
4} or pobvimer liquad that may be spraved onto matenal 38 in the desired area or areas.

{0018] In the previously described embodimenis, a toughened resin can be produced

correspond to the portion or portions of the malenal compnsing the polymer
toughening avent. As used heretn, “toughened resm” refers to resin that, when cured,
displavs a fracture toughness, or Ko (1e. the matenal’s resistance to fracture when a
crack is already present), of at least abowt 1.OMPa-m™

10019] Alternately. as shown i FIG. 3, toughening agent 42 may compnise nano
fibers such as nano carbon fibers. nano particles such a8s nano clav particles. and
combinations thereof. Such tougheming agenis can be combined with an untoughened

resint 43 eel, powder. or higuid, 1o make a toughened reqin 44 Toughened resm 44
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may then be applied to the desived portion or porfions of material 38, As used herein
“untoughened resin” refers to resin thai, when cured, displays a fracture toughness, or
Ko of less than about 1LOM Pa-m'” 1t is the addition of the toughening agent 1o the
untoughened resin that, when cured, provides the toughened resin as defined heremn.
While the ratio of hano fibers/particles 1o resin mav varv, in one eimbodiment the nano
fibers/particles mav account for from aboul 5% 1o abouwt 20% by weight of the
toughened resin, with the untoughened resin accounting for from about 8% 1o about
93% bv weight.

LN

0020] In general, untoughened resim, when cured, can produce an untoughened

region while toughened resin, when cured, can produce a toughened region, as
defined herein below. While not intending 10 be hinuied by theory, 11 15 believed that
i the context of polvmer toughenng agents (whether libers, powders, iquids or some
combination thereof}, when the untoughened resin iz applied {o the preform having
the applied toughening agent, the unioughened resin can react with the previously
applied polvmer loughening agent to provide added fracture resistance {0 the cured
composiie material in the area generally corresponding o the portion of the material
comprising the toughening agent. When using nano fibers/particles, it s beligved that
such toughering agents can enrich the resin and provide for a toughened region in the
composite matenal aller cunmg.

{0021] Material 38 may be shaped to produce a preform of a desired article, which
one embodiment may compiise a fan casing preform 45, As shown mw FlG 6, fan
casing preform 45 mav comprise a body 47 having anv form desired and mav be
fabricated using anv tool known to those skilled o the art. See, lor example, U.S.

Patent Appheation No. 2006/0134251 to Blanton et al. While embodiments set lorth
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herain generally describe application of the foughening agent followed by shaping of
the material into a preform, those skilled in the art will understand that it 15 also
acceptable for the material o first be shaped into the desired preform followed by
application of the toughenmg agent.

[0022] An untoughened resin mayv then be applied to the entire preform. In one
ambodiment, the unloughened resin may comprise a resin selected from the group
consisting of vinvl ester resing, polvester resins, acryiic resing, epoxy resms,
polvurethane resins, bismaelimide resins, polvinude resing, and combinations thereof
The untoughened resit may be the same as, or different from, any untoughenad resin
previously used in combination with a toughening agent to produce the toughened
resin.  Any conventional resin application methods may be used heremn to appiy the
untoughened resin Lo the preform.

produce an arbicle, such as fan casing 16, shown m FIG. 70 Cunng can generatly
involve applying a resin to the matenal or prelorm, as previousty deseribed, toliowed
by exposure of the resinated preform or matenial {o high temperature and pressure.
Any convenlional curing process known to those shilied 1 the art 18 acceptabie for
use herem. Some examples of cunng may mclude, bat are not hnuted to, resin Iim
imfusion. resin transter molding, and vacuum assist resin {ranster molding.

{0024] As shown i FIG. 7, the resulting cured composite matenial 46 of lan casmg
16 can have at feast one toughened region 48, at least one untoughened region 30, and
a transition region 31 between each toughened region 48 and untoughened region 30

As used herein, “untoughened regton™ 50 means an area of composile material 46

genervally corresponding to the portion of the matenal comprising the untoughened
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resin. “Toughened region” 48 means an area of the composite matertal generally
corresponding to the portion of the matenal comprising the toughened resin
Toughened region 48 can display an increased resistance {o fracture when compared
to untoughened region. Those skilled i the art will understand that toughened region
48 can generally correspond to portions of the matenal where the toughening agent
was apphed due to previously desceribed mieraciion between the foughenng agent and
the wntoughened resin. Toughened region 48 mav be oriented m anv i relation to {an
casing 16

0025] Transition regton 51 can generally be located between toughened repion 48
and untoughenad region 30 and can display varving degrees of toughness i order {0
facilitale the conversion between toughened region 48 and untoughened region 30
Moreover, those skilled in the art will understand that transition region 51 may be
planar {as indicated by A in FIG. 7), normal {0 the plane {as indicated by B an FIG. 7)),
and combmations thereof, in relation to the fan casing, for exampie.

=y
£ s

{0026] Additionally, I one embodiment shown mn FH» fan casing 26 may

comprise an impact zone 52 and a non-umpact zone 54 “Impact zone” 32 refers 10
parts of fan casing 16 most susceplible to an umpact from a released fan blade while
“non-tmpacl zone” 34 refers {o parts of fan casing 16 that are less susceplible to
impact damage from @ released fan blade it mav be desirable o posttion
untoughened region S0 1 umpact zone 32 1o provide controlled resin nucrocrackimg
and composile matenial ply delamnation, both of which can facilitate the previously
discussed dissipation of impact energy from a released fan blade. In contrast, 1t may

be desirable to posttion toughened region 48 in a non~tmpact zone 54 as such areas

cann be more fracture vesistant. Additionally, because toughened region 48 of lan
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casing 16 can have a reduced structural thickness compared 1o cutrent fan casings, vet
stilf provide the desired fracture resistance, fan casing 16 can have a reduced weight
compared to current designs.  Thus, exemplary embodiments may employ foughened
and untoughened regions to provide controlied fature and weaight reduction.

[0027] Additionallv, the selective toughening concept described herain can also
provide monetary savings. In general, toughened resins (e those resing mncluding
toughening agents) are more costly than untoughened resins. However, to obtain the
destred fracture resistance, multiple lavers of composite material having utoughened
resin muost be used. which can increase the cost of fabricating the article, By using
toaghened resins ondv in select regions where mereased [raclure resistance 18 needed,
and untoughened resi elsewhere, [ewer lavers of composite matenal are needed
This can lead o an overall cost savings in [abricating the article.

10028] Optionaliv, al least one foughened flange 56 may be coupled 1o toughened
region 48 Toughened fange 56 mav be selected from the group consisting of

mounting Hanges. atiachment end flanges (as shown m FIG. 7}, and combinations

- .

»

thereof  “Toughened flange™ 56 refers {o a Hange that can be labrnicaled from the
same, of similar, matenials as toughened region 48 of fan casing 16, More
spectiicallyv, loughened {lange 36 can be made from a composite matenial having a
toughening agent apphied to at lsast a portion thereot, as described previousiy herain,
In addition, toughened flange 36 mav be couplad to a toughened region 48 of lan
casing 16, By “coupled™ it is meant that the toughened Hange may be operably
comnecied to the fan casing either after the lav-up of the fan casing preform 15
complate. or concurrent with the lav~-up of the lan casing such that the toughened

flange 1 an integral part of the finished cured fan casing,  Using loughened matenals

10
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to construct toughened flange 56 can provide added strength to both flange 56, as well
as to the attachment between flange 56 and toughened region 48.

[0029] Those skilled in the art will understand that the previous description may apply
equally to making any composite materials, and articles made from composite
materials, and should not be limited to fan casings. Indeed, any gas turbine engine
component constructed from composite materials may be fabricated using the
methods and materials described herein. For example, the previous description may be
used to fabricate a composite material airfoil having at least one toughened region and

at least one untoughened region.

[0030] 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 may include other examples that

occur to those skilled in the art in view of the teachings herein.

11
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WHAT IS CLAIMED IS:

1. An article including:

a body comprising a composite material having at least one toughened
region and at least one untoughened region, the toughened region comprising a
toughening agent selected from the group consisting of polymers, nano fibers, nano
particles, and combinations thereof wherein the toughened region comprises a

toughened resin having a fracture toughness of at least 1.0 MPa-m'".

2. The article of claim 1 wherein the composite material comprises a
material selected from the group consisting of carbon fiber, glass fiber, ceramic fiber,

graphite fiber, aramid fiber, and combinations thereof.

3. The article of claim 1 further comprising a transition region between

each toughened region and untoughened region.

4. The article of claim 3 wherein the transition region is positioned in
an orientation selected from the group consisting of planar, normal to the plane, and

combinations thereof.

S. The article of claim 1 wherein the article comprises a fan casing.

6. The article of claim 1 further comprising at least one toughened
flange coupled to the at least one toughened region wherein the toughened flange 1s

selected from the group consisting of mounting flanges, attachment end flanges, and

combinations thereof.

7. The article ot claim 1 wherein the untoughened region comprises an

1impact zone.

8. A fan casing including;:

a body comprising a composite material having at least one toughened
region and at least one untoughened region, the toughened region comprising a
toughening agent selected from the group consisting of polymers, nano fibers, nano

particles, and combinations thereof wherein the untoughened region comprises an

12
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impact zone and wherein the toughened region comprises a toughened resin having a

fracture toughness of at ieast 1.0 MPa-m'"“.

9. The fan casing of claim 8 wherein the composite material comprises
a material selected from the group consisting of carbon fiber, glass fiber, ceramic

fiber, graphite fiber, aramid fiber, and combinations thereoi.

10. The fan casing of claim 8 further comprising a transition region

between each toughened region and untoughened region.

11. The fan casing of claim 10 wheremn the transition region is
positioned in an orientation selected from the group consisting of planar, normal to

the plane, and combinations thereof.

12.  The fan casing of claim 8 further comprising at least one toughened
flange coupled to the at least one toughened region wherein the toughened flange 1s
selected from the group consisting of mounting flanges, attachment end tlanges, and

combinations thereof.

13. A gas turbine engine including;:

a fan casing having body made from a composite material comprising at
least one toughened region and at least one untoughened region, the toughened region
comprising a toughening agent selected from the group consisting of polymers, nano
fibers, nano particles, and combinations thereof; and

a transition region between each toughened region and untoughened region
wherein the composite material comprises a matenal selected from the group
consisting of carbon fiber, glass fiber, ceramic fiber, graphite fiber, aramid fiber, and
combinations thereof and wherein the toughened region comprises a toughened resin

/2

having a fracture toughness of at least 1.0 MPa-m'* and the untoughened region

comprises an untoughened resin having a fracture toughness of less than 1.0 MPa-

1/2
m/.

14.  The turbine engine of claim 13 further comprising at least one

toughened flange coupled to the at least one toughened region wherein the toughened

13
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flange is selected from the group consisting of mounting flanges, attachment end

flanges, and combinations thereof.

15.  The turbine engine of claim 13 wherein the untoughened region

comprises an impact zone.,

16.  The turbine engine of claim 13 wherein the transition region 1s
positioned in an orientation selected from the group consisting of planar, normal to

the plane, and combinations thereot.
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