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METHODS OF MAKING ARTICLES HAVING TOUGHENED AND
UNTOUGHENED REGIONS

TECHNICAL FIELD
{0001] Embodiments described beremn generally relate to methods of making articles
having toughened and unloughened regions. More particudarly, embodiments heramn
genoratly  describe methods of making articles from composite matenals having

T+

toughened and unloughened regions.

BACKGROUND OF THE INVENTION

{0002] In gas turbine engines. such as areralt engines, air 18 drawn mio the front of
the engme, compressed by a shafi-mounted compressor, and mixed with fuel 1 a
combustor. The muxture is then burned and the hot exhaust gases are passed through
a turbme mounied on the same shaft. The flow of combustion gas expands through
the turbine, which i turn spims the shatt and provides power to the comprassor. The
hot exhaust pases are [urther expanded through norzles at the back of the enuine
senerating powerlud thrast, which dnves the awrcralt forward,

{0003 Because engines operate mn a vanety of conditions, foreign objecis may

somenimes undesirably enter the engine.  More speaihically, {oreign objects, such as
large birds, hatlstones, sand and rain mayv be entrained i the miet of the engine. As a
result, these forsign objects mav unpact 8 fan blade and cause a portion of the
impacled blade to be tom loose from the rotor, which 18 conumondy known as fan
blade out. The loose fan blade may then impact the mwtertor of the fan casing at an

impact zone, thereby causing a portion of the casing 1o bulge or deflect.  This
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deformation of the casmg may resuil 1 mcreased stresses along the entre
circumierence of the fan casing.

{0004] In recent vears composite materials have become increasmgly popular for use
i a vanety of aerospace apphications becanse of thetr durabihiv and relative light
weight.  Although composite materials can provide superior strength and weight
properties, and can lessen the extent of damage to the [an casing dunng impacts such
as blade outs, improvements can stili be made.

{0005] Current contmnment technology, such as that used to manulacture fan casings,
generaily requires the use of a thicker casing design at hagh stress regions.  More
specifically, carrent fan casmgs are often made using a thick, monolithic hardwall
design, which can help fragmenlbize a released {an blade and msmimize the extent of
damage. The energy generaled by a released tan blade mmpacting a bardwall fan
casing can be dissipated by any of several controlied lalure mechanisms mcluding
resin microcracking, composiie matenal plv delammnation, and composite material ply

{amiure.

{0006] All of the previously described energy dissipation mechanisms require the use
of an untoughenad resin {0 enswe controlied fatlure of the [an casing upon impact of
the released fan blade. More particularty, an unioughened epoxy resin can be apphed
ariformiv {o the entire lan casing dunng resin application. Alier curning, the resuiling
compostie material will have the previously desenbed controlied failure mechamsms.
However, areas away from impact zones, or non-impact zones. need {0 be stronger o
order to mamtamn the miegniv of the casing should an impact occur.  Therefore.

addihional lavers ol uniougbhened compostie matenal are often appbed m pon~tmpact

zomes i order to provide strength and toughness, as well as compensale Lor the lower

b
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strength of the untoughened material. These addiional lavers add endestred weight o
the [an casing.
{007] Accordingly, there remains a need for methods for manufacturing articles that
can provide mcreased strength (o the article in desired regions without increasing the
overall weight of the article.

BRIEF DESCRIPHON OF THE INVENTHIN
{008] Embodiments herein generally relate to methods of makmg an article having
al least one toughened region and at least one untoughened reuion compnsing
providing a matenial, applving a toughening agent {0 a portion of the matenal, shapmg
the matenial o produce a preforny applving an antoughened resm 1o the preform, and
curing the preform having the applied unionghened vesin 1o produce the at least one
toughenad region and the at least one unioughened region wherain the {oughened
region compnses a toughened resin having a fracture toughness of at least about
1L.OMPa-m™™.
{0009 Embodiments herein also generally relate to methods of making an article
having at feast one toughened region and at least one untoughened region compnsing
providing a matenial, applving a toughening agent 10 a porhion of the matenal, shaping
the matenal (o produce a preformny applving an unioughened resm o the preform, and
curmng the preform having the applied untoughened resin o produce the at least one
toughenad region and the at least one unioughened region wherain the {oughened
composite matenal compnses g transition region between each toughened region and
urdoughened regiron, and the toughened region comprises a toughened resin having a

fracture toughness of at least about 1L.OMPa-m'™

(o
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{0 0] Embodiments herem also generally relate (10 method of making a fan casmg
having at least one toughenad region and at least one untoughened region comprising
providing a material, applving a toughening agent {0 a portion of the matenal, shaping
the matenal {0 produce a fan casing preform, applving an untoughened resin 1o the tan
casing preformy, and cuning the fan casing preform having the applied untoughened
resin 1o produce the at teast one toughened rewon and the at east one untoughened
region wheremn the toughened reuion corresponds 1o the poriion of the matenal
comprising the foushening acent and wherain the foughened region compnses a
toughened resin having a fracture toughness of at least about 1. 0MPa-m'~.
{0011] These and other features, aspecis and advantages will become evident to those
skitled m the art from the following disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

{0012] While the specilication concludes with claims particudarly pointing out and
distinetly claiming the invention, it 13 believed that the embodiments sat forth heramn
will be better understood {rom the following description i comunction with the
accompany ing Hgwres, m which bike relerence numerals identify tike elements.

FIG. 1 15 a schematic eut away view of one ambodiment of a8 gas turbine
engine i accordance with the descenption herein.

FHa. 2 18 a schemanc view of one embodiment of a matenal m accordance
with the descniption heren;

FHa. 3 15 a schematic view ol one embodiment of a matenal having a
toughening agent apphed thereto m accordance with the description herein;

FiG. 4 18 a schematic view of an allernate embodiment of a material having a

toughening agent apphed thereto m accordance with the desceription herein;
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FIG. 3 13 a schematic view of another alternate embodiment of a matenal
having a toughening agent apphied thereto 1n accordance with the description herein;

FIG. 6 18 a schematic perspective view of one embodiment of a fan casing
preformt 1 accordance with the description heremn: and

FIG. 7 18 a schematic perspactive view of one embodiment of a fan casmg i
accordance wilh the description heren,

DETAILED DESCRIPTION OQF THE INVENTION

{0013] Embodiments described herein generally relate to methods for making articles
having al least one toughened region and at teast one untoughened reuton. Generally,
such methods can comprise providing a malenal, applving a toughening agent {0 a
portion of the malenal, shaping the matenal to produce a preform,. applving an
untoughened resin to the preform, and cunng the preform having the apphed
urioughened resin wherem the toughened region corresponds to the portion of the
matenial comprising the toughening agent. While embodiments herain may generally
focus on methods for making composite tan casmes tor gas turbine engines, it will be
undersiood by those skilled m the art that the description should not be bimited {0
such. Indead, as the following desenption explains, the meathods described heren
may be used {0 make any article or composite matenal having al feast one toughened
region and at {east one unfoughened region.

{0014} Twrning to the hgures, FIG 1 18 a8 schematic representation of one
embodiment of a gas turbme engine 10 that generally mcludes a fan assembiv 12 and

a core engine 14, Fan assembly 12 mav mclude a fan casing 16 and an array of fan

blades 18 extending radiglly outwardly rom a rotor disc 200 Core engine 14 may

Y s
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meiude a high-pregsoare comprassor 22, a combustor 24, a high-pressure turbime 26
and a low-pressure turbine 28, Engine 10 has an intake end 30 and an exhaust end 32.
{O01S] hmtially, o make the composite materials and articles described herein, a
material 38 may be provided as shown m FiG. 2. Anv traditional fabric or muitiaxial
non-crimyp fabric capable of being combined with a resin to produce a composiie
material 18 accepiable for use herain g5 matertal 38, In one embodiment, matenat 38
may be a [iber fabric selected {rom the eroup consisting of carbon fiber, glass fiber,
ceramic fiber, graphiute fiber. aramid fiber, and combmations thereof As shown In
FIG. 2, material 38 mav generally comprise multiple iterwoven [iber tows 40

{0016] Once matenal 38 15 selected. a {oughenmmg agenl 42 may be applied 1o a

portion thereof. Toughening agent 42 may comprise anyllang capable of providing

increased toughness to the hmshed composite matenal as compared to the toughnass
present in the composite matenal withoul the application of a toughening agent as
described herem below. In one embodiment, toughenimg agent 42 may be selected
from the group consisting of polvmers, nano fibers, nano particies, and combinations
thereol, though it should not be linnted to such.

{001 7] Toughenmg agent 42 mayv be applied to matenal 3% n a vanely of wavs, For
embodiment. toaghening agent 42 may comprise a polviner fiber that can be jomed 10
the desired portion or portions of matenal 38 such that when an untoughened rasin 18
laler apphied, as set torth herem below, a toughened resin s produced. Jomng may
metade placing the fiber onto the matenal or weaving the fiber into the matenial {as

shown m FIG 3) i the desired location or locations, for example.  In another
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embodiment, toughening agent 42 may comprise a polvmer powder {as shown i FIG.
4y or polvmer liqued that may be spraved onto matenal 38 in the desired area or areas.

{OGIR] In the previously described embodiments, a toughened resin can be produced
when an wttoughened resin 18 iater applied. The loughened fesin can generally
correspond to the portion or portions of the matenal comprising the polvmer
toughening agent. As used herein, “toughened resin”™ refers 1o resin that, when cured.,
cisplays a fracture toughness. or Ky (1.2, the material s resistance 1o [racture when a
crack is already present), of at least abowt 1.0MPa-m ™.

[ 9] Altemately, as shown in FiG 5, toughening agent 42 may comprise hano
fibers such as nano carbon fibers. nano particles such as nano clay pamicles, and
combations thereol. Such tougheming agents can be combined with an entoughened
resin 43 gel, powder, or higud, 10 make a loughened resin 44 Toughened resin 44
may then be apphed to the desired portion of portions of matenal 38, As used herein

“untoughened resin” refers to resin thal, when cured, displays a fracture toughness, oy

¥

Ko of less than about 1 SMPa-m'?. 1t is the addition of the toughening agent to the
untoughened resin that, when cured. provides the toughened resin as defined heremn.
While the ratio of nano [baersfparticies to resm may vary, m one embodument the nano
fibers/particles may account {or from aboul 3% to abowt 20% by weighl of the
toughened resm, with the untoughened resim accounting for from aboat 80% to about
3% by weight

{0020 In general, untoughened resm, when cwred, can produce an unioughened
region while toughened resin, when cured, can produce a toughened region, as

defined herein below. While not intending to be hinuted by theorv, 11 i3 believed that

in the context of polvmer toughening agents (whether ibers, powders, liguds or some
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commbination thereof}, when the untoughened resin 15 gpplied {0 the preform having
the apphied foughening agent, the untoushened resin can react with the previously
applied polvmer loughening agent to provide added fracture resistance {0 the cured
composite material in the area generatly corresponding 1© the portion of the matenal
comprising the toughening agent. When using nano fibers/particles, 1t is believed that
such tougchening agents can enrich the resin and provide lor g toughenead region in the
composite matenal alter cunng.

{0021] Material 38 mav be shaped 1o produce a preform of a desired article, which in
one embodiment mayv comprise a {an casig preform 43, Ag shown wm FIG. 6, tan
casmyg preform 45 may comprse g body 47 having any form desired and may be
fabricaled using anv ool known 1o those skilled m the art. See, Tor example, U.S.

Patent Apphication No. 200670134251 to Blanion et al. While embodiments set forth

2

herem generally descnibe apphication of the {oughening agent followed by shapimg of
the matenial mto a preform, those skilled m the art will understand that it 15 also
accepiable for the materiad 1o hirst be shaped inlo the desired pretorm followead by
application of the toughenmyg agent.

{0022] An untoughened resin may then be applied to the enftire preform. In one
embodiment, the unloughened resim mayv compnse a resin selected from the group
conststing of vinyl esier resins, polvesier resins, aciviC TeSInS, epoxy  resms,

polvurethane resins, bismashimide resins, polvinude resims, and combinations thereot.

The untoughened resin may be the same as, or ditferent from. any untoughened resin
previously used mw combinahon with a toughening agent to produce the toughened
resin.  Anv conventional resin application methods mayv be used herein to apply the

untoughened resm Lo the preform.

{
e
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{23 The prelorm havig the applied wifoughened resin mayv then be cured 1o
produce an article, such as fan casing 16, shown m FIG. 7. Curing can generally
imvolve applving g resin to the matenal or preform, as previousiy deseribed, followed
b exposure of the resinated preformy or matenal o high temperature and preassure,
Any conventional cuning process known {o those shilied in the art 15 acceptable for
use herain. Some examples of cunmy mav inctude, but gre not imited to, resin film
mfusion, resin transter molding, and vacuum assist resin {ranster molding.

{0024] As shown in FIG 7, the resulting cured composite material 46 of fan casing
16 ¢cant have at teast ong foughenad region 48, at least one wntoughened region 30, and
a transition region 51 between each toughened region 48 and untoughened region S0,
As used herom, “untoughened region™ 30 means an area of compostle matenal 46
generally corresponding to the portion of the matenal comprising the unioughened
resin 43, “Toughened region™ 48 means an arca of the composile matenal generally
corresponding 1o the portion of the matenal comprismg the toughenad resin 44
Toughenead region 48 can display an mcreased resistance to fracture when comparead
to untoughened region. Those skitled mn the asrt waill understand that toughened region
48 can generally comrespond to portions of the matenial where the {oughening agent

was apphied due to previously desenbed interaction between the toughening agent and
the untoughened resin. Toughened region 48 mav be oriented m any m relation to fan
casing 16,

{0028] Transition region 31 can generally be located between toughened region 48
and untoughened region 540 and can display varving degrees of toughness i order to

facilitate the conversion between toughened region 48 and untoughened region 0.

Moreover, those skilted m the art will understand that transtfion region 51 may be



CA 02683848 2013-01-03
221696-4

planar (as indicated by A in FIG. 7), normal to the plane (as indicated by

B in FIG. 7), and combinations thercof, in relation to the fan casing, tor

example.

10026] Additionally, in one embodiment shown 1n FIG. 7, fan casing 16
may comprise an impact zone 52 and a non-impact zone 354. "Impact
zone" 52 refers to parts of fan casing 16 most susceptible to an 1mpact
from a released fan blade while "non-impact zone" 54 refers to parts of
fan casing 16 that are less susceptible to impact damage from a released
fan blade. It may be desirable to position untoughened region 50 1n
impact zone 52 to provide controlled resin microcracking and composite
material ply delamination, both of which can facilitate the previously
discussed dissipation of 1mpact energy from a released fan blade. In
contrast, 1t may be desirable to position toughened region 48 1n a non-
impact zone 54 as such areas can be more fracture resistant. Additionally,
because toughened region 48 of fan casing 16 can have a reduced
structural thickness compared to current fan casings, yet still provide the
desired fracture resistance, fan casing 16 can have a reduced weight
compared to current designs. Thus, exemplary embodiments may employ
toughened and untoughened regions to provide controlled failure and

welght reduction.

[0027] Additionally, the selective toughening concept described herein can

also provide monetary savings. In general, toughened resins (1.e. those

resins including toughening agents) are more costly than untoughened
resins. However, to obtain the desired fracture resistance, multiple layers
of composite material having untoughened resin must be used, which can
increase the cost of fabricating the article. By using toughened resins only
in select regions where 1ncreased fracture resistance 1s needed, and
untoughened resin elsewhere, fewer layers of composite material are

needed. This can lead to an overall cost savings in fabricating the article

10
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[0028] Optionally, at least one toughened flange 56 may be coupled to
toughened region 48. Toughened flange 56 may be selected from the

oroup consisting of mounting flanges, attachment end flanges (as
shown in FIG. 7)., and combinations therecof. '"Toughened flange" 56
refers to a flange that can be fabricated from the same, or similar,
materials as toughened region 48 of fan casing 16. More specifically,
toughened flange 56 can be made from a composite material having a
toughening agent applied to at least a portion thereof, as described
previously herein. In addition, toughened flange 56 may be coupled to
a toughened region 48 of fan casing 16. By "coupled" 1t 1s meant that
the toughened flange may be operably connected to the fan casing
cither after the lay-up of the fan casing preform i1s complete, or
concurrent with the lay-up of the fan casing such that the toughened
flange is an integral part of the finished cured fan casing. Using
toughened materials 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 1n the art to make and use the 1nvention. It should be

understood that other embodiments that fall within the scope of the

11
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invention will be apparent to a person skilled in the art.
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WHAT IS CLAIMED IS:

1. A method of making an article having at least one toughened region
and at least one untoughened region comprising:

providing a material;

applying a toughening agent to a portion of the matenal;

shaping the material to produce a preform;

applying an untoughened resin to the preform; and

curing the preform having the applied untoughened resin to produce the at
Jeast one toughened region and the at least one untoughened region wherein the
toughened region comprises a toughened resin having a fracture toughness of at least

2

about 1.0 MPa-m”, wherein the article is a turbine engine component selected from

the group consisting of fan casings and airfoils.

2. The method of claim 1 wherein the toughening agent is selected

from the group consisting of polymers, nano fibers, nano particles, and combinations

thereof.

3. The method of claim 1 wherein the material is selected from the
group consisting of carbon fiber, glass fiber, ceramic fiber, graphite fiber, aramid

fiber, and combinations thereof.

4. The method of claim 1 wherein the untoughened resin is a resin
selected from the group consisting of vinyl ester resins, polyester resins, acrylic
resins, epoxy resins, polyurethane resins, bismaleimide resins, polyimide resins, and

combinations thereof.

S. The method of claim 1 wherein applying the toughening agent
comprises joining the toughening agent to the material such that when the
untoughened resin is applied the toughened resin is produced in the portion of the

material comprising the toughening agent.

0. The method of claim 1 further comprising a transition region

between each toughened region and untoughened region.

13



CA 02683848 2014-08-19

221696-4

7. The method of claim 1 wherein the toughened region corresponds to

the portion of the material comprising the toughening agent.

8. The method of claim 1 further comprising coupling at least one

toughened flange 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.

9. The method of claim 1 wherein applying the toughening agent
comprises spraying the toughening agent on the material such that when the

untoughened resin is applied the toughened resin is produced in the portion of the

material comprising the toughening agent.

10.  The method of claim 1 wherein the untoughened region of the

article comprises an impact zone.

11.  The method of claim 1 wherein the toughened resin comprises from

about 5% to about 20% by weight of the toughening agent.

12. A method of making an article having at least one toughened region
and at least one untoughened region comprising:

providing a material;

shaping the material to produce a preform;

combining a toughening agent with an untoughened resin to produce a

toughened resin;

applying the toughened resin to the preform; and

curing the preform having the applied untoughened resin to produce the at
least one toughened region and the at least one untoughened region, wherein the
toughened region corresponds to the portion of the material comprising the toughened
resin, the composite material comprises a transition region between each toughened
region and untoughened region, and the toughened resin has a fracture toughness of at
least about 1.0 MPa-m”, wherein the article is a turbine engine component selected

from the group consisting of fan casings and airfoils.
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13. The method of claim 12 wherein the toughening agent 1s selected

from the group consisting of polymers, nano fibers, nano particles, and combinations

thereof.

14.  The method of claim 12 wherein each transition region is positioned

in an orientation selected from the group consisting of planar, normal to the plane, and

combinations thereof.

15. The method of claim 12 wherein the matenal i1s selected from the

group consisting of carbon fiber, glass fiber, ceramic fiber, graphite fiber, aramid

fiber, and combinations thereof.

16. The method of claim 12 further comprising coupling at least one
toughened flange to the at least one toughened region wherein the toughened tlange 1s

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

combinations thereof.

17. A method of making a fan casing having at least one toughened
region and at least one untoughened region comprising:

providing a material;

applying a toughening agent to a portton of the material;

shaping the material to produce a fan casing preform;

applying an untoughened resin to the fan casing preform; and

curing the fan casing preform having the applied untoughened resin to
produce the at least one toughened region and the at least one untoughened region,
wherein the toughened region corresponds to the portion of the material comprising
the toughening agent and wherein the toughened region comprises a toughened resin

having a fracture toughness of at least about 1.0 MPa-m”.
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