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I nl et Nose Cone Assenbly and Method for Repairing the Assenbly (
TRechnical Field This invention relates to axial flow rotary nachi r(j@@sf
such as gas turbine engines, and nore particularly to an inlet nose cone
assenbly for a gas turbine engine such as a turbofan engine.

5 Inlet Nose Cone Assembly and Method for Repairing the Assembly

Technical Field |
This invention relates to axial flow rotary machines such as gas turbine
engines, and more particularly to an inlet nose cone assembly for a gas turbine
10 engine such as a turbofan ehgine.

. Background Art
The turbofan engine is the most widely used powerplant on |érge aircraft
today. A typical turbofan engine has a compression section, a combustion
15 section and a turbine section. An annular, primary flowpath for working medium
gases extends axially through the compression section, combustion section and
the turbine section. An annular, secondary flowpath is disposed radially outward
of the pfimary flowpath. | _ |
The compression section includes a low pressure compressor and a high
20 - pressure combressor. The low pressure compressor has a plurality of stages,
the first stage of which is generally known as thé fan stage. A fan duct extends
‘ circumferentially about the low preésure corhpressor to bound the secondary
flow path. | .
Workihg medium gases aré drawn into the engine along the primary and
25 secondary flow paths. The gases are passed through the fan stage and the low
pressure compressor where the gases are compressed to raise the temperature
and the pressure of the working medium gases. A portion of the gases are
flowed through the secondary flowpath, inwardly of the fan duct, and do not pass
through the later stages of the low pressure compressor.
30 A large percentage of the thrust produced by a conventional turbofan
engine is generated by the gases passing through the fan ducts. The ratio of
- gases flowing through the fan ducts to the gases flowing through the engine core
is known as the bypass ratio. The bypass ratio may be a different value for each
indiVidual engine model according to the performance requirements of the power
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Background Art The turbofan engine is the nost widely used powerplant
on large aircraft today. A typical turbofan engine has a conpression
section, a combustion section and a turbine section. An annular, prinmary.
fl owpat h for working nedi um gases extends axially through the conpression
section, conbustion section and the turbine section. An annul ar, secondary
- flowpat B i sPlankplese lareesommercial tugbofarvengine, thel bypassimatiomaybe as high The

. conpr essi Orhssl_ﬁ%tl{oof' includes a | ow pressure conpressor and a high pressure
- conpressor. € low pressure conpressor has a plurality of stages, the

- first stage of viniorder forghe fambtagetovperae éfficiehfip iﬁbémpres’éiﬁ@méiwﬁkin%
extends circunferentially about the |ow pressure conpressor to bound the
secondary fnediugngases, the gaggs muysl entar thenfan stage-smoathiywith & minimumeati ne

he s BN TESRSBRRNUAN 08 oo, 150 o ansf b
conpr eq49ed todhe fars stagectot gradaaiy turs tive Workifig PESiE Gastls ihfirthetfaki stagaedi um
gases. A portion_of the gases are flowed through the secondary fl owpath,

inwardly of the Fhainielnoseerneaiis ganeraliseonsirustesh of adightweight camposie t he
| ow pressu "ateriaPtd’rtiice weight, an important consideration for aircraft power plants.

An aircraft powerplant, such as a turbofan engine, must produce sufficient power

to enable an aircraft to fly. The lighter the aircraft and its attached engine, the

15  smaller the quantity of power required to enable the aircraft to fly. Thus, the
reduction of the inlet nose cone weight results in a smaller power requirement
for flight. |

Use of the inlet nose cone for an extended period of time may cause the
aft portion of the inlet nose cone, also known as the aft fairing, to radially deflect.

20 Continuous deflections of the aft fairing can cause the composite material to

~ delaminate or separate from adjacent layers especially if the inlet nose cone has
" been damaged during handling or as a result of ingesting foreign matter into the
engine. These pieces of the inlet nose cone may be ingested into the primary
flowpath of the engine, decreasing the overall engine performance.

25 Delamination also decreases the effectiveness of the inlet nose cone by creating
disturbances in the flow path of the working medium gases that adversely affect
performance of the engine. '

Several approaches have been used to solve this problem. One
approach is to wrap a fibrous glass material around the delaminated aft fairing of

30 theinlet nose cone. This procedure gives the inlet nose cone increased damage
tolerance and added strength in the transverse direction. While this procedure
repairs the damage to the inlet nose cone, it does not reduce future occurrences
of delamination. The repaired inlet nose cone is still susceptible to
delaminations in the future.
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A | ar ge percentage of the thrust pr oduced by a conventional turbofan engine
IS generated by the gases passing through the fan ducts. The ratio of gases
- flowing through the fan ducts to the gases flow ng through the engine core
is known as the bypass ratio. The bypass ratio may be a different value for
each individual engine nodel according to the performance r %gw regent s of
the powd Ancther approach is to inject resin between the separated composite

layers to bond the layers back together and restore the original configuration.

This procedure delays separation from progressing and bonds together the

delaminated composite layers. However, delaminations may occur in the future.

Yet another approach is to replace material in the flange and aft fairing
10 and to provide at least one layer of fibrous kevlar material in tension around the

aft fairing to protect the fairing agamst handling and foreign object damage. This

procedure repairs the damage that.occurred and stiffens the aft fairing of the

composite inlet nose cone and reduces stress. The fibrous kevlar material

exerts a tensile force upon the composite material of the aft fairing. The tensile

15 force places stress on the bonds between the layers of the composite material
and can lead to delaminations, the very problem sought to be prevented.
The above art notwithstanding, scientists and engineers working under
the direction of Applicant's Assignee have sought to develop alternate
procedures for strengthening the inlet nose cone or repairing a composite inlet

20 nose cone which has a delaminated aft fairing.

Summary
This invention is in part predicated upon the recognition that a composite
" inlet nose cone having an aft fairing subjected to impact damage which is
25 followed by radial deflections in the aft fairing that induce strain in that location
may have separation of the adjacent layers of the comlposite material and
subsequent loss of engine efficiency.
According to the present invention, an inlet nose cone formed of
composite material having an aft fairing extending in cantilevered fashidn from
30 the inlet nose cone further includes a circumferentially continuous outer ring
eﬁcircling the aft fairing that has a higher stiffness to mass ratio than the aft
fairing to constrain the aft fairing against radial deflection.
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plant. In a |large commercial turbofan engine, the bypass ratio may be as
hi gh as 6.5 to 1. In order for the fan stage to operate efficiently
i n conpressing the working nedi um gases, the gases nust enter the fan stage
snoothly with a m ni mum of perturbations. To acconplish this smpoth:
~airflow,_ an inlet nose cone is attached to the fan stage adyal ly turn

to gr
the wor & ng nedi Imacgerdancewithione embodimant of the presenf, Weﬁ‘ﬁ'@g- RN one i s

nei ont, an_ RS HEacKedto Mendiitm $Erdcs of HEPAF teifindBr g Brot foskhiiand
power pl ant , tHgdtierh sarface f tiveoatediribg. nust produce sufficient power to
enable an aircraft to fly. The lighter the aircraft and its attached

engic Ine, EI' Ee smal Ineaceardageewithtanessf tb@\ﬂ@tai%%mbéﬁim@téﬁﬁm%mﬁl?@"&i rcraft
Soal 1 5 poiiventfi; e kP fing is b ferlete aBSaifipf 3G ipdhils AN it

an ext efgiedopic ifbt Moskicoherdd Stpatidies tife Mdrigenor tion of the inlet nose
cone, also known as the aft fairing, to radially deflect. Continuous

def l ections of t Acprimenyrigatura®f daepasest investion ipasiiniet Rase coap assembly
del am nate pLRgRH &% fgiiiﬁﬁ.mﬂ%l?ecr‘?gétdr@fseé TaRgB b liéndd rddigny vidra"0Se

cone has .
from the inlet nose cone. The flange is attached to adjacent engine structure.

Another feature is an outer ring encircling the aft fairing and a portion of the inlet
15 nose cone. In one detailed embodiment, the present invention also features an
inner ring constructed in the form of a frustoconical section having two surfaces.
The first surface is bonded to the bottom surface of the aft fairing and the
second surface'is bonded to the bottom surface of the outer ring.
A primary advantage of the present invention is the increased engine
20 efficiency that results from a smooth flowpath for the working medium gases. .
Still another advantage of the present invention is a reduction in the cost of
" ownership of the engine that results from the enhanced durability of the
composite inlet nose cone having an outer ring encircling the aft fairing. The
outer ring applies a compressive force under operative conditions to the aft
25 fairing that reduces the occurrences of delaminations and increases the
durability of the inlet nose cone assembly.
These and other objects, features and advantages of the present
invention will become more apparent in light of the detailed description of the
best mode embodiment thereof, as illustrated in the accompanying drawings.

30 Brief Description of the Drawings
FIG. 1 a cross sectional view of a turbofan engine
FIG. 2 a cross sectional view of a composite inlet nose cone assembly
of the present invention;
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been damaged during handling or as a result of ingesting foreign matter
into the engi ne. These pieces of the inlet nose cone may be ingested into
the primary flowpath of the engi ne, decreasing the overall engine
performance. Del am nation al so decreases the effectiveness of the inlet
nose cone by creating disturbances in the flow path of the working nmedi um

gases t gt EiBeB aadrossbbéetiong) aidwohamepaicdd composiie indet nose corgiver al
approaches have been used to solve_this probl em Cneiﬁﬂﬁroach IS éﬁa ap a-

fibrous gl aE¥GnAgarexplodadside view of the ranaired Lomposits injel NOgP cone nose

cone. This proceﬂﬂgﬁﬁpégps the inlet nose cone increased danmage tol erance
and added streng heé transverse direction. Wiile this procedure
repairs the damage to the inlet nose cone, it does not reduce future

occurrences of delamnation. The repaired inlet nose cope is still
suscepti bl e to del am nat i Best MpdeforrGamying Out the Invention

10 Referring to FIG. 1, a turbofan gas turbine engine 10 is shown in
perspective view. The engine includes a low pressure compressor 20, a high
pressure compressor 25, a combustor 30, a high pressure turbine 35 and a low
pressure turbine 40. The engine also has a primary flowpath 45 and a
secondary flowpath 50 for working medidm gases.

16 The low pressure compressor 20 includes a fan section 55, an inner fan
case 60, and an outer fan case 65. The inner fan case 60 extends
circumferentially about the primary flowpath 45 to bound the flowpath at its
outermost portion. The secondary flowpath 50 extends radially outward of the
primary flowpath 45 through the fan section 55 and is bounded at its outermost

20 portion by the outer fan case 65.

FIG. 2 shows a cross sectional view of one embodiment of an inlet nose
" cone assembly 70 of the present invention. The assembly includes an inlet nose
cone 15 having a first circumferentially extending location80 and
circumferentially located vent holes 85. The assembly also includes an outer

25 ring 90, a flange 100, and an aft fairing 105. A bubble airseal 110 extends
rearwardly, also shown in phantom is a portion of the fan section 55 that
includes a fan blade 115 and a fan rotor disk 120. The flange 100 extends
radially inward from the first circumferentially extending location 80 of the inlet
nose cone 15. The flange is attached to the fan rotor disk 120. |

30 | The aft fairing 105 is integral with the inlet nose cone 15 and extends
rearwardly in cantilevered fashion from the first circumferentially extending
location 80 to within close proximity of the fan rotor disk 120. The inlet nose
cone 15 and the aft fairing 105 are composed of.a composite material having a
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- 3- Anot her approach is to inject resin between the separated
conposite layers to bond the | ayers back together and restore the original
configuration. This procedure del ays separation from progressing and bonds
toget her the del am nated conposite |ayers. However, delam nations nmay occur

in the future. Yet anot her apgroach Is to repl ace materi Int
flange &nd first stiffnessitg raass rajiopr e bubbie aisest lsdﬁéaﬂeéymd%'ﬁh? ?grfﬁlﬁ%‘gkevl ar

nandi i ng ant0$ BRd RprEs Rt ttnG Soflakt Wi b B BEBETE ¢ i T the damage ¢ hat
occurred and St ' ‘i'lf\@ B&tér%gaéé eki@indis 18rvirdidighe first circumferentially extending
location 80 a first length, L, and rearward of the first circumferentially extending
location 80 a second length L, to within close proximity of the fan rotor disk 120.
10 The outer ring 90 completely encircles the aft fairing 105 and a portion of the
inlet nose cone 15. The outer ring 90 is composed at least one layer of a carbon
fibrous material disposed between two layers of glass fibrous material with both
layers being b;Jnded together by an epoxy resin. The outer ring has a second
stiffness to mass ratio that is greater than the first stiffness to mass ratio of the
15 aft fairing 105 and the inlet nose cone 15. Examples of suitable materials for
this combination of materials are available from the Hexcel Corporation,
Livermore, California as: T6C145 carbon fibrous material; style 120-38 glass
fibrous material; and F-263 epoxy resin.
Referring now to FIG. 3 and FIG, 4, a repaired inlet nose cone assembly
20 . 70is shown. The repaired inlet nose cone assembly includes a foreshortened
aft fairing 105 that has a length L that is shorter than the length of an
“unmodified aft fairing 105. The length L, of the outer ring is at least twice
| greater than the length L, of the aft fairing. The distancé D, is the distance of
the modified éft fairing from the flange end 100 and the distance D, is the
25 distance of an unmodified aft fairing.
The inlet nose cone assembly also includes an inner ring 125 in addition
to the parts disclosed in FIG 2. The inner ring 125 is in the shape of a
frustoconical section having a first part having a first surface 130 and a second
part having a second surface 135. The inner ring has a third part 137 which is
30 inclined-outwardly from the first part to the second part such that the surfaces of
the first and second parts are spaced radially one from the other and are each in
faying relationship with the aft fairing and the outer ring 90. The first surface
130 is attached to the foreshortened aft fairing 105 and the second surface 135
is-attached to the outer ring 90. The outer ring 90 and the inner ring 125 extend
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conposite inlet nose cone and reduces stress. The fibrous kevlar materi al
exerts a tensile force upon the conposite material of the aft fairing. The
tensile force places stress on the bonds between the |ayers of the
conposite material and can lead to del am nations, the very probl em sought
to be prevented. The above art notwi thstandi ng, scientists and

engi neeiss Viorwithig closdeprokimitydoft thetfan blade ml Therbdbhld\an‘s@e‘blmm@s sought

to devel op alternate procedures f stren ing the i t. nose cone_or
repairing a!-'%dﬁﬁibgl irst surface 199sef 81?{1'@"%1% ﬁng@ 'g"ﬁ%ﬂﬁgn hgt%&OEPPSP °f| ng.
Summary n Sy’ on
that a co ?FB}OE" ? ynos“ém‘gghznﬂﬁéa}\}lggég(%?oéﬁgv@iarﬁ%éﬂngpsag?&? ed toh|é$rrpact
damage whi C&Ithlﬂd tiffiessdtd nasy mtiothatiisfless thamthei secohd stiffnessito masgsiratio

i nduce strain in that |ocation nmay have separation of .the adjacent |ayers
of the conpefdheouterring 80. ﬁ@%@fqﬁé‘lﬂbw U@eﬂ?lséﬁbm’é"%‘g ’*ﬁ%

nocor U elfig e b VARl i 18 B CRRFRSH 18NS Sl
as : style 120-38 glass fibrous materlal K285 Kevlar material; and , D-126 epoxy
resin. ~ -
During operatién of the engine, working medium gases are drawn into the

engine. As the gases appfoach the fan sfage, the gases are flowed around the

15  contour of the inlet nose cone 15. The gases are compressed in the fan section .
55. A large percentage of the working medium gases are flowed into the
secondary flowpath 50 and are exhausted to the atmosphere. The remainder of
the working medium gases follow the primary flow path into the low pressure
compressor 20 where the gases are further compressed.

20 The gases then enter the high pressure compressor 25 where again the
gases are compressed raising the tempefature and pressure of the working
’ med_ium gases. The gases are flowed into the combustor 30, where they are
mixed with fuel and burned. The hot gas mixture is flowed into the high pressure
turbine 35 where work is extracted from the gas mixture. The high pressure

25 turbine 35 transmits this work to the high pressure compressor 25. The gases
are then flowed into the low pressure turbine 40 where still more useful work is
extracted from the gases. The low pressure turbine transmits work to the low
pressure compressor 20 and the fan section 55. Fi'nally the gases are
exhausted to the atmosphere.

30 The nose cone assembly 70 is rotated about the axis of rotation of the |
engine with the fan disk 120. The aft fairing 105 of the inlet nose cone 15 may
deflect radially during engine operation in response to rotational forces in

assemblies not having an outer ring. Continuous radial deflections cause the
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t he inlet nose cone further includes a cir cunf erentially continuous outer
ring encircling the aft fairing that has a higher stiffness to nass ratio
than the aft fairing to constrain the aft fairing against radi al
defl ecti on. -4- —In
accordance with one enbodi nent of the present invention, an inner ring is
att ached t ocdrhposite layersof thecaft fairing)¢05 o deleminate ifthe nese coee assemblone
and has handling or foreign object damage. |
The method for repairing this delamination is as follows. First, a portion
of the trailing edge of the aft fairing 105, a length D, that exceeds the axial
length of the delamination, is removed. Next, the surfaces of the aft fairing 105
10 and the inlet nose cone 15 are abraded. A bonding medium (such as EA-9394 .
" epoxy resin.adhesive available from the Dexter Corporation, Hysol Division,
Pittsburg, CA 94565) is applied to the inlet nose cone 15 and the aft fairing 105. |
The outer ring 90 is abplied to the inlet nose cone 15 and the aft fairing 105
such that the outer ring 90 extends foMafd' of the first circumferentially
15 extending location 80 a first length, L, and rearward of the first circumferentially
extending location 80 a second length, L, to within close proximity of the fan
rotor disk. The bonding medium is allowed to cure for an appropriate amount of
time. Next the bonding medium is applied to the interior surface of the outer ring
90 and the interior surface of aft fairing 105. The inner ring 125 is applied to the
20 aft fairing 105-and the outer ring 90. The bonding medium is allowed to cure for
an appropriate amount of time. Alternatively, a scrim supported epoxy resin
" adhesive might be used for the bonding material.
A particular embodiment of the present invention can be utilized to modify
a nose cone assembly not having an outer ring 90 but that has a serviceable
25 inlet nose cone 15. The procedure entails the following steps. First, the
surfaces of the inlet nose cone 15 and the aft fairing 105 are abraded. A
bonding medium, such as one of those discussed previously, is applied to the
surfaces of the inlet nose cone 15 and the aft fairing 105. The outer ring 90 is
applied to the inlet nose cone 15 and the aft fairing 105 such that the outer ring
30 90 extends forward of the first circumferentially extending location 80 a first
length, L, and rearward of the first circumferentially extending location 80 a -
second length, Lo, to within close proximity of the fan rotor disk 120. The

bonding medium is allowed to cure for an appropriate amount of time.

8

This Sheet Has Been Replaced




t he bottom surface of the outer ring. I n accordance with one of the
det ai |l ed enbodi nents of the present invention, the outer ring is a

one- pi ece assenbly that attaches to the aft fairing of the inlet nose cone
and straddl es the flange. A primary feature of the present invention

[T ange that ‘oxt ohBer deiAIes STRBHIET: ohtis erasanbivaaLeh Misiides RESHAERLS 7
attached t O;QE(H aggn{jn&aa 'cBﬁ'laF%EFtH%IBE Rosé'B8hE 95, fm% w[pasa 15t MBILRIS N bited
e a n p I nle

encircling arring a portion of the nose cone. In one
det ai | ed enting9@eaarid an irnevringe125.1 The outenting 80 is eamposed ahafieesstanding

first ;Eﬁﬁ f gearhosli oo Hhoriae and @14 ftsouE vAletiarcRrabibaion dvaiies e ianel siftiSds,.
Second surt gréaks ré’@?ﬁ%g\ t})wr%eésfgﬁ[ilﬂ'ﬁ]mﬁ‘ Ré’h’fe?'ﬁl%nﬁa, {fHeSnAek ﬁﬁdg HDBGs A

primary advantage o vention Is the 1 ncreased engi ne
effici ef@y tivaposed of aKeviarfibroasrandgléssfiraus nateriaheombingtion thathasa

Phe cost of lWRR&iBReRS & mese TelioMen DeRUipEE0s 90 Bt he Nigherfhga e ar "
Cheohit 4 Biohd oA R e pi s BB SBsRRNPH Bld bt | 1
condi tions the ddter Fihg 80 and inner ring 125 provided the stiffness to mass ratios as set
forth above are met. The higher stiffness to mass ratio of the outer ring 90 gives
15 the present invention several distinct advantages.

First, the higher stiffness to mass ratio enables the outer ring to constrain
the radial deflections of the aft fairing 105 since the ring does not experience
any significant radial deflections.

Second, the stiffness to nﬁas's characteristic of the outer ring 90 enables

20 the outer ring S0 to constrain the aft fairing while having a cross sectional profile
| that is thin in comparison with the aft fairing 105 or the inlet nose cone 15. This
" is particularly important for nose cone assemblies that are modified, serviceable
nose cone assemblies. The thin profile does not significantly change the center
of gravity of the inlet nose cone assembly and thus does not significantly
25 increase the distribution of centrifugal forces exerted on the inlet nose cone
assembly. Also the thin profile of the outer ring 90 in comparison with the inlet
‘nose cone 15 allows for a smooth flowpath around the inlet nose cone 15 and
the aft fairing 105.
Another advantage of the present invention is that the adhesive bonds of
30 the inner ring 125 and the outer ring 90 are in compression during engine
operation. The compressive force of the inner ring 125 results from the lower
stiffness to mass ratio of the inner ring 125 in comparison with the outer ring.
The compressive force exerted by the outer ring 90 results from the stiffness of
the outer ring 90 as compared with the inlet nose cone 15 and the aft fairing 105.
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fairing that reduces the occurrences of delam nations and increases the

durability of the inlet nose cone assenbly. These and ot her objects,
features and advantages of the present invention will becone nore apparent
in light of the detailed description of the best node enbodi nment thereof,

~as illustrated in the acconpanyi ng draw ngs. ) . . Bri ef
Descri pt5 onThe adhesivedvandssexhilt the greateststreagth imeompressiosy while theyof an

22 g ie %| 5 ‘G e%wiggﬁﬁg iéasz Stgieié%gr']&%. nil;'.bﬁw f ;r?ngcgrqg ?r?rinetrerinignglﬂgtce the BoridSin a
condition in which the maximum strength of the bonds can be utilized. The mass
(or mass characteristic of a specific embodiment) may be adjusted to ensure the
mass provides the necessary compressive force.

10 The inner ring may or may not be circumferentially continuous. There is
an advantage to having an inner ring which is circumferentially continuous. The
stiffness to mass characteristic ensures the force stays within acceptable values

. over the entire range of rotational Speeds which are experienced during normal
operative conditions. |

15 . Another particular advantage of the present invention is the distribution of
the radial force transmitted through the flange 100 from the fan rotor disk 120.
During operation of the engine, the fari rotor disk 120 grows and thus applies
force to the flange 100. The location of the outer ring 90 helps to distribute this
force. The outer ring 90 extends forward of the first circumferentially extending

20 location 80 a first Iength that is greater than the second length that extends aft of

the first circumferentially extending location 80. This greater length heips to

~ distribute thé forces that are applied to the inlet nose cone 15 through the flange
100 and reduces the forces taken out through the aft fairihg, thereby reducing
the stress placed on the adhesive bonds between the outer ring 90 and the inlet

25 nose cone 15 and in particular between the aft fairing and the outer ring.

Although this invention has been shown and described with respect to the
detailed embodiments thereof, it will be understood by those skilléd in the art
that various changes in the form and detail thereof may be made without
departing from the spirit and scope of the claimed invention.

10
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cone shown
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10 is shown in perspective view. The engine includes a |lo

G 3 a cross sectional view of a repaired conTTosme Inlet nose
4 an expl oded side view of the repaired corrp m a@ﬁeeﬁlﬁ

in Figure 3. Best Hm

ention Referring to FIG 1, aturbofang

conpr esSor \Whatdis iclajmed iassur e corrpressor 25, a conbustor 30, a high

pressure tu
primary flo

10

15

20

25

bi.ne. and a | ow | o has a
§o vinipd R cneR¥sRTRR Wit et S "hany BBCARRIMT B, gacee

flowpath for working medium gases and a fan rotor assembly that includes a

fan rotor disk and a plurality of fan blades that extend radially outwardly from
the fan rotor disk across the working medium flowpath, the inlet nose cone

assembly comprising:

an mlet nose cone formed of a composnte material having
an interior surface,
an exterior surface,
_ afirst circumferentially extending location and
" a flange extending radiélly inward from the first circumferentially
extending location that is attached to the fan rotor disk and transmits the
radial force from the fan rotor disk to the inlet nose cone;

an aft fairing formed of a composite material having a first stiffness to
mass ratio, the aft fairing being integral with the inlet nose cone -and
‘extending in cantilevered fashion rearward from the first circumferentially -
extending location, the aft fairing having

an interior surface and

an exterior surface,

" a.circumferentially continuous outer ring formed of @ material having a
second stiffness to mass ratio that is greater than the first stiffhess to
mass ratio of the aft fairing, the outer ring having |

an interior surface attached to the exterior surface of the aft fairing
and the exterior surface of the inlet nose cone, through an area of
attachment A, and

an exterior surface,
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The | ow pressure conmpressor 20 includes a fan section '
60, and an outer fan case 65. The inner fan case 60 ext
circunferentially about the primary flowpath 45 to boun

its outernost portion. The secondary flowpath 50 extends rad| out wa
of the primary flowpath 45 through the fan section 55 and is bounded at |ts

~outer m)%{ por t i oghBeih bAderbBérali?e cBA8RIoAS the inlet nddeCcorie ahd att fairingare
sectional view of one enbodinment of an inlet nose cone assenbly 70 of the

present inventi osubjetted4e setatibnal forcasdand wherein dne fanseotendisk B5OWEYi ng a

vent hol es 85, - TRUMBEA 5 ostsd 1o rafefianal totCed B sfie Far e aighigfid sherCl"
and an aft fairigg oa%rd#aam%reewtheqianb&fqné@ncraurrngemwerenratrmo shown

in phantomis a porti.on of the fan section 55 that includes a fan blade 115
and a fan rotor dutekrmacextemmagﬂy obDthedirsteitcumtesentially exteRIAg r om t he

The 11 e i <. at Reeon ot GBOHL A+, Syl the Iedgi [Tedbie MEFGuIRRRRcds | oo

is integral wthyhhemitfedth ARHPANE s ot redistea dver adigtibdied area, the
cantil evered fashion romt Irst Circunferentially extendi nP I ocat ion 80
to within close putexlrl,ugtgls@{extendmganeawa:diy of the ﬂmbcquwmfaran%al yredending

location a second length, L,, to within close proximity of the fan rotor disk
such that radial deflections of the aft fairing are resisted under operative
15 conditions and the exterior surface of the outer ring bounds the working
medium flowpath enabling the working medium gases to flow smoothly
into the fan blades;
2. The inlet nose cone assembly as recited in claim 1, further comprising:
an ihner ring formed of a material having a preselected mass, the inner
20 ring having
a first part having a first surface facing outwardly which is attached
to the interior surface of the aft fairing over an area A,
a second part having a second surface facing outwardly which is
attached to the interior surface of the outer ring over an afea Az

25 wherein under operative conditions, the first part is urged outwardly in
response to rotational forces such that the area of attachment A; between
the inner ring and the aft fairing is held in compression and wherein the
second part is urged outwardly in response to rotational forces such that the
area of attachment, A, between the outer ring and the inner ring, is held in

30 compression.

3. The inlet nose cone assembly as recited in claim 2 wherein the inner ring is

12
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cone 15 and the aft fairing 1054t &e&3IPRERReglcedd CONposite material having

a . -6 - first stiffness to.
mass rati o. The bubbl e airseal |su“m the aft fairing 105 and
makes abutting contact with the f ! , The outer ring 90

extends forward of the first circunferentially extending location 80 a
first leggth, éircuhféréstalyedontiloudantitzsta third stiffeessio maby ratia thatisig

less than the second stiffness to mass ratio of the outer ring and wherein the

mass characteristic and the stifiness to mass characteristic avoids the inner

ring exerting more than a preselected compressive force through the first and

second parts of the inner ring on the aft fairing and the outer ring at rotational
10 speeds encountered under normal operative conditions of the engine.

4. The inlet nose cone assembly as recited in claim 3 wherein the aft fairing’
extends rearwardly a distance Ls from the first location and wherein the
distance L, which the outer ring extends rearwardly is at least twice the

15 distance Ls and wherein the inner ring has a third part which is inclined
outwardly from the first part to the second part of the inner ring such that the
first and second parts of the inner ring have surfaces that are spaced radially
one from the other and are each in faying relationship with the aft fairing and
the outer ring.

20 5. The inlet nose cone assembly as recited in claim 2 wherein the aft fairing
extends rearwardly a distance L; from the first location and wherein the

~ distance L, which the outer ring extends rearwardly is at least twice the
distance Ls and wherein the inner ring has a third part which is inclined
outwardly from the first part to the second part of the inner rihg such that the

25 first and second parts of the inner ring have surfaces that are spaced radially
one from the other and are each in faying relationship with the aft fairing and
the outer ring '

6. The inlet nose cone assembly as recited in claim 1 wherein the forward
length L, of the outer ring is greater than the aft length L, of the outer ring

30 such that the length L, extends the outer ring forwardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasing the

- strain in the aft fairing under operative conditions.

13
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| ocation 80 a second | ength L[eﬂhifs'ﬂmmehﬁe dceke proxinmty of the fan

rotor disk 120. The outer ring 9 circles the aft fairing 105
ter ring 90 is conposed at
Ia

and a portion of the inlet nose
| east one | ayer of a carbon fibrous mater | sposed between two | ayers of

glass fibrous_material with both | ' d.t t b

fesin. The BThe infeh qose soRe sesembLas recledl IR whetdindne foward 'or bar or
than the firs L i f : ' ki | tHeSo i i nl
nose cone 15. tlﬁéadr‘rp'e%zﬁz? Bgtw ta I%%@gﬂﬁrﬁﬁ}eﬁéﬁ H}r@éﬁ Ic'gﬁ%i nat‘?gﬁng?e et

material s are suchithatthe Iémgthl, lexterdscttle didepring forwardlyito extendfongatdly or ni a

as: T6C145 carbon fibrous material; style 120-38_gl ass.fj brous erdal;
and F-263 epoxhe regipn of resistanceof the PH{?"M‘S\Q méhﬁfﬁceﬂvhm 'ﬁzleéeng,gtbg the

repaired inl TR ' \

nsserl y i nol JALOSPriRE A3 B bnHe' S Gl and B apEieakE B ftcB actiRgS PLOD
i's shorfger t hagh theooutenahd ovér thie lenghilL thesugH thefaft fairng dédreasing thengt h-
L[err] of the outer ring 1s at |least twice greater than the length L3 of

the aft fairirdfainincthei it taidag opder operativeopdilicRAice of the nodified aft
oo 1 sy e Sl Mol 5ol A8 wrersiitndsoivaer o)
an inner ring |éRgthily ofdiNé butst ring is greater than the aft length L of the outer ring
such that the length L, extends_ the outer ring forwardly to extend forwardly
15 the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasing the
strain in the aft fairing under operative conditions. |

9. The inlet nose cone assembly as recited in claim 4 wherein the forward

20 length L, of the odter ring is greater than the. aft length L, of the outer ring
such that the length L, extends the outer ring forwardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasing the

25 strain in the aft fairing under operative conditions.

10. The inlet nose cone assembly as claimed in claim 1 wherein the outer ring is
formed of at least two layers of glass fibrous material and a carbon fibrous
material disposed between at least a portion of the layers of glass fibrous
material, the carbon fibrous material having carbon fibers that extend

30 circumferentially and wherein the outer ring has an époxy resin disposed
about the glass and carbon fibrous materials. . '

11. The inlet nose cone assembly as claimed in claim 2 wherein the outer ring is
formed of at least two layers of glass fibrous material and a carbon fibrous

14
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to the parts disclosed in FIG 2. The inner ring 125 is in fijsh Replaced
frustoconical section having a first part having a first su m |a
second part having a second surface 135. The inner ring has

137 which is inclined outwardly fromthe first part to the second part such
that the surfaces of the first and second parts are spaced radially one

- from t he ot hermatefiaPdiepeséd betwdety atlgasta porivrsdl thelaydrstdfgladd fitrausi ng and
. the outer ring 90. The first surface 130 is attached to the forﬁéhortened

aft fairing 108ateral the cachanfibrous materiabnaving sathanibersdhat@xtetder ring
90. The outer Ll Ofhefontiafly BRY WHYEIEM theWltdring kS 4 epoxy resin disposed

-7-

about the glass and carbon fibrous materials.

12. The inlet nose cone assembly as claimed in claim 3 wherein the outer ring is

10 formed of at least two layers of glass fibrous material and a carbon fibrous
material disposed between at least a portion of the layers of glass fibrous
material, the carbon fibrous material having carbon fibers that extend
circumferentially and wherein the outer ring has an epoxy resin disposed
about the glass and carbon fibrous materials.

15  13. The inlet nose cone assembly as claimed in claim 2 wherein the inner ring is
formed of a glass fibrous material and has at least one layer of Kevlar
material disposed about the inner diameter of the,ir{ner ring and wherein the
inner ring has an epoxy resin disposed about the glass and Kevlar fibrous

- materials.

20 14. The inlet nose cone assembly as claimed in claim 3 wherein the inner ring
is formed of a glass fibrous material and has at"least one layer of Kevlar
material disposed about the inner diameter of the inner ring and wherein the -
inner ring has an epoxy resin disposed about the glass and Kevlar fibrous
materials. '

25 15. The inlet nose cone assembly as claimed in claim 1 wherein the outer ring is
attached to the inlet nose cone and the aft fairing by a bonding medium.

16. The inlet nose cone assembly as claimed in claim 2 wherein the first

~ surface of the inner ring is attached to the ihterior surface of the aft fairing by
a bonding medium, the second surface of the inner ring is attached to the

30 interior surface of the outer i'ing by a bonding medium.

17. The inlet nose cone assembly as claimed in claim 15 wherein the bonding
medium for the outer ring is selected from the group consisting of an epoxy
adhesive paste or a scrim supported epoxy adhésive film.

18. The inlet nose cone assembly of claim 16 wherein the bonding medium for

15
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to wwthin close proximty of the fan bl ade ThisSheetfHes keedi rseal 110
rests under the first surface 130 of the inn er ring 125 is
conposed of glass fibrous layers with an inn kevl ar materi al .
The inner ring has a third stiffness to mass rati o that i1s |ess than the
~second stiffness to mass ratio of the outer ring 90. Exanples of suitable
~materialg for thBiignerairy iRaddlectedffromties group consistingoofarsepary adhesive t he

"~ Hexcel Corporation, Livernore, California as: style 120-38 gl ass fi brous
mat eri al ; K289asePaa S?é%ﬁi‘%ﬂ’?ﬂ%ﬁpo’ﬂﬁ@@%\fﬁ)alﬁresi n. - Duri ng

oper at | on ol o f1g} e UBALLBGLE() AULBFRES GBI 1YPerel e it pREre. Ao

t he gases a age, € gases are owed around the contour

of the inlet e ka8 pliralitlef Hblésarranged eliroumisrentially such thab thecinténior 55.
A | arge percentage of the working nmedium gases are flowed  intq.t

secondary f | ovgusfacesyf thednlet Boss pene issplaced ﬂ'mﬂUiﬁ’tqﬂﬁ%@H@F@."oﬁN@mﬂggﬁi nder of
the vorking medh 4085t O th8'hiblfods LBRGY f!ow path into the Iow pressure
20. The inlet nose cone assembly as claimed in claim 1 wherein the outer ring
.h_as a plurality of circumferentially arranged holes aligned with the |
circumferential holes of the inlet nose cone.
21. The inlet nose cone as claimed in claim 1 wherein the\ﬂange is bolted to
15 the fan rotor disk.
22. A kit for repairing delaminations to an inlet nose cone assembly, the inlet
nose cone assembly having an inlet nose cone formed of a composite
material, an aft fairing formed of a composite material having a first stiffiness
to mass ratio, the aft fairing being integral with the inlet nose cone and
20 extending |n a cantilevered fashion from the inlet nose cone, a first
circumferentially extending location and a flange extending radially'inward
from the first circumferentially extending location, the kit comprising:

a circumferentially continuous outer ring formed of a material having a
25 second stiffness to mass ratio that is greater than the first stifiness to mass ratio
 ofthe aft fairing, the outer ring being adapted to extend forward of the first.
circumferentially extending location a first length, L, and rearward of the first
circumferentially extending location a second length, Lz, and;
. a circumferentially continuous inner ring formed of a material having a
30 third stiffness to mass ratio that is less than the second stiffness to mass ratio of
the outer ring, the inner ring being in the form of a frustoconical section having a
first surface, a second surface and an inclined surface connecting the first
surface to the second surface, the inner ring being adapted such that the first
surface contacts the aft fairing along an area A, and the second surface contacts

16
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conpressor 20 where the gases are further conpressed.
enter the high pressure conpressor 25 where again the gases ar
rai sing the tenperature and pressure of the working nedlun1gas

are flowed into the conmbustor 30, where they are m xed with fuel and

oher e i K 18 ut6riod Blon G praALARd mheraindhS st HEAERRESEC REEIEY o s
transmts t&!fﬂ\dé? Kﬁ&é&%rabt@ﬁsgé Readigte mﬂ%ﬂ%&%lﬁrtha%st'arh@d ganditioAtise t hen
~flowed into 0 In

W pressure tur ere still nore useful work is
extracted finper tihg exerting morethana presaiected contpressive forcaithrougbthefigst he

exhausted Sqéﬁé‘gmcﬁs‘ééaz?@ae”%ntepﬁn&%% et Blin aod tRE PUter R o o

v vy Sostfelspeply SoBiniil Yt e pet o ool

oper at i1n i 23R methed forrepairing amuﬂeh‘mmeone]asmhlylofw axial flaw rotgnan

outer ring. @nﬁ‘ééhﬂ‘r‘u‘é’ utl?le rn?lce“t f%sed ?:L}lee Cats.lsgrrr]lglycﬁgvsmg an inlet nose cone, an aft
fairing that has a first stifiness to mass ratio and that has undergone
delaminali;ns, which are of an axial length Ly, a flange and a first
circumferentially extending location, the method comprising:

15 a) removing a length D, from the trailing edge of the aft fairing, D4
being greater than the axial length L4 of the delaminations;

b) abrading the surface of the inlet nose cone and the aft fairing;
c) applying a bonding medium to the inlet nose cone and the aft
~ fairing; '

20 . d) forming an oﬁter ring froma material having a secbnd stiffness to
mass ratio that is greater than the first stiffness to mass ratio of the
aft fairing, the outer ring adapted to extend forward of the first
circumferentially extending location a first length, L4, and rearward
of the first circumferentially extending location a second length, Lo,

25 e) applying the outer ring to the inlet nose cone and the aft fairing;

f) allowing the bonding medium to cure for a length of time;

g) applying the adhesive medium to the interior surface of the aft
fairing and to the interior surface of the outer ring;

h) forming an inner ring from a material having a third stiffness to

30 mass ratio that is less than the second stiffness to mass ratio of the
outer ring, the inner ring having a first part having a first surface, a
second part having a second surface and a third part inclined
outwardly from the first part to the second part connecting the first

surface to the second surface, the inner ring being adapted such

17
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-8 - conposite layers of the aft fairing 105 to rlde$1ﬁetﬂiaaB&snREtlﬁ~ se
hod for

cone assenbly has handling or foreign object damage

repairing this delamnation is as follows. First, a trailing
edge of the aft fairing 105, a length Dlerr] that excee s e aX|aI | engt h
of the delamnation, is renoved. Next, the surfaces of the aft fairing 105

"and the §nlet nose cofthatibedirst susfasecontacts theiafi ainpgialong an0area &BRH 394

POy e " ahesee B ibhd sl I SRSl R B E"?ﬁ%aa vision

fairing 105. contacts the outer ring along an area A..
i) applying the inner ring to the aft fairing and the outer ring;
i allowing the adhesive bond to cure for a length of time.

10 24. Aninlet nose cone assembly for én axial flow rotary machine having a
working mggium gas flow path and a fan rotor assembly that includes a fan
rotor disk and-a plurality of fan blades that extend radially across the working
medium gas flowpath, the inlet nose cone assembly comprising:

an inlet nose cone formed of a composite material, the inlet nose cone
15 having '
an interior surface,
an exterior surface, ’
a first circumferentially extending location,
a flange extending radially inward from the first circumferentially

20 extending location which is attached to the fan rotor disk and

a plurality of holes ar_rangéd circumferentially such.that the interior
surface of the inlet nose cone is placed in fluid communication with the

exterior surface of the inlet nose cone,

25 an aft fairing formed of a composite material integral with the inlet nose
cone, the aft fairing having.
an interior surfacé and
an exterior surface, _
wherein the aft fairing extends in cantilevered fashion from the first
30 circumferentially eXtending location such that the working medium gases flow
~smoothly into the fan blades;

a continuous outer ring formed of a carbon fibrous material having a

18
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The outer ring 90 is applied to the inlet nose cone 15 andhis Sieetdfas BéenReplased
105 such that the outer ring 90 extends forward of the fir
circunferentially extending location 80 a first length, L[ g d
of the first circunferentially extending |ocation 80 a secon ength, L2 to
W thin close proximty of the fan rotor disk. The bonding nediumis allowed
to cure&or ahigherstifiness to massratiothan the afh\eaiting,ithe pster iRg havindm i s
applied to the interior.surface.of the outer ring 90 and the interior
surface of aft fairi nﬁ"i@gnoﬁ'ﬂéﬁ?%ﬂer. ring 125 is applied'to the aft
fairing 105 and the oghektdrion$uftdce BRg bonding mediumis allowed to cure
for "an appropriate amount of tinme. Alternatively, a scrim supported epoxy
resin adhesive night tiecursfedentiallytareangadcholgs atigred with the circumferantiabu| ar
. enbodi nent of the tr sen{%i nvention can be utilized to nodify a nose cone
assembl y not Mﬁ%ﬁ B PPSPCRRC00 but that has a serviceable inlet nose
cone 15. The procedure entails the following steps. First, the surfaces of
the inlet nose cone 15 and the aft fairing 105 are abraded. A bonding
nmedi um1Guch as whereifh théninterioli surfacecef the outenring is attacheg todbe extearias

surfaces of the jnlet nose_cone 15 and the aft_fairidng. t ring
30 1 o appl | ed SFECRT 1 B 140G AGHBS EXGiRY ek (B iniBr podt B0l 8, 1o
| anfiugﬁf 80 g%fuﬁgrsfﬁé BREAIY 1RVErdPEf thBdirst difduntrioferitially 'extériding Yocationrali ng
first length, L4, and rearward of the first circumferentially extending location a
second length, Lo, to within close proximity of the fan rotor disk such that
15 radial deflections of the aft fairing are constrained, the outer ring being

attached to the inlet nose cone and the aft fairing by a bonding medium;

a continuous inner ring formed of a Kevlar fibrous material disposed
between a glass fibrous material having a lower stiffness to mass ratio than
20 the outer ring, the inner ring being in the form of a frustoconical section
having ' | '
a first surface,
a second surface and _
an inclined surface extending angularly from the first surface to the
25 . second surface,

wherein the first surface is bonded to the interior surface of the aft fairing
such that the bond between the aft fairing and the outer ring is held in
compression and the second surface is bonded to the interior surface of the
30 outer ring such that the bond between the second surface and the outer ring
is held in compression under operative conditions. |

/
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Iengih, L[err] and rearward of the first circunferentially extending
| ocation 80 a second length, L2, to within close proximty of the fan rotor
di sk 120.. The bondlng mediumis allowed to cure for an approprlate anount

of tinme. -
Anot her detail ed enbodi rent of the present invention incl udes a repair kit
for a del am nated conposite inlAbstractof the Disclosueerepair kit includes an
out er . _

A Rotating Composite Inlet Nose Cone Assembly and Method for Making

the' Assembly

5 An assembly for a rotating composite inlet nose cone tha_t ha_s undergone
delaminations. The assembly strengthens the inlet nose cone and thus reduces -
delaminations of the inlet nose cone. In a particular embodiment, an outer ring
cah be used to prevent delaminations in an undamaged rotating inlet nose cone.

|||iiii|‘\‘iii|ﬂi|‘i‘ ||ﬂi
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rind 90 and an inner ring 125. The outer ring 90 is GD”““QPd of a

free-standing carbon fibrous and gl ass fibrous naterl conbi nati on t hat
has a higher stiffness to mass ratio than the aft"’ fal BeenRe '
mentioned, the inner ring 125 is conposed of a Kevl ar Lﬂ'ass
fibrous material combination that has a | ower stlffne o t han

the outer ring 90 but may be higher than the aft fairing 105. It shoul d
al so be noted that material substitution could be made for the outer ring
80 and inner ring 125 provided the stiffness to nass ratios as set forth
above are net. The higher stiffness to mass ratio of the outer ring 90
gives the present invention several distinct advantages. : First, the
hi gher stiffness to nass ratio enables the outer ring to constrain the
radi al deflections of the aft fairing 105 since the ring does not
experience any significant radial deflections. Second, the stiffness
to mass characteristic of thd-eatdl ring 90 enabl esHTe~slter ring 90 to
~constrain the aft fairing whifl e hc\\«g a ass segi\bnal profile that is
“thin in comparison wggh the faft fa »“~op| NIA\NIL et Nose cone 15. Thi's
is particularly i npowtan 3 S\ 777 ol 9%- modi fi ed,
servi ceabl e nose cone asse -_.;é,., Al i | e gdEs—1m} significantly

change the center of graV|ty'Z£E£y. r;____’y'and t hus does

not significantly =7 /nnuv
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increase the distribution of centri fugal forces exerted on the inlet nose

cone assenbly. Also the thin profile of the outer .ring 9071 n conparison
with the inlet nose cone 15 allows for a snmooth flowpath g4,0uig: talBednRefliced
nose cone 15 and the aft fairing 105. Anot her advant

present invention is that the adhesive bonds of the inner EMM[&E
outer ring 90 are in conpression during engine operation.-

force of the inner ring 125 results fromthe |ower stiffness to mass ratio

e

of the inner ring 125 in conparison with the outer ring. The ressive
force exerted by the OUte;FLQ 90 results fromthe ghiffne g.fEE‘k\hg__Qgter
ring 90 as conpared with theThlet nose cone 15 and e a1f 5Iairing 105
_/::;::
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- 10- The adhesive bonds exhibit the greatest strength in
conpression while they exhibit the | east in tension.—The outer—ring—and

i nner ring place the bonds in a condition in which the nmaxi mum strength of

the bonds can be utilized. The mass (or mass char act®s a ific
enbodi nent) nmay be adjusted to ensure the mass provid ﬂ H y
conpressi ve force. The inner ring may or may no ntially

~continuous. There is an advantage to having an inner ring whichis
circunferentially continuous. The stiffness to mass characteristic ensures
the force stays within acceptabl e val ues
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over the entire ran je of rotational speeds whigch it 12
g p .l EFXZ vdarll a Eﬁgq

nor mal  operative conditions. Anot her pait | ISt h

preseht invention is the distribution of the P% P KOtE%ged ;
t hrough the flange 100 fromthe fan rotor disk a’ }i ngP‘tﬁ?é g‘tﬁoopﬁgﬁi !tahe
engi ne, the fan rotor disk 120 grows and thus [a34ng(s) cpaged .o pagedgd. |
100. The location of the outer ring 90 hetps {cHodbstrachut epaguds’lﬂorp@edwle

outer ring 90 extends forward of the first cifcunferentially extending
location 80 a first length that is greater thhnDATE mcgmﬂmgtﬂlm‘almﬁ

-----------------

extends aft of the first circunferentially extEnutmgtocatrom86—Hhts

greater |engt hnmlméséc&eslxss ahd MetHabforRépairmcthd Asdeimblyhe i nl et
nose cone 15 through the flange 100 and reduces the forces taken out

through the aft fairing, thereby reducing the stress placed on the adhesive

bonds between the outer ring 90 and the.inl et nose cone 15 and in
particul ar between the aft fairingq-éﬁg QﬂgFeﬁlFQ ring. Al t hough this

i nvention has b rd qfégam '
enbodi nment s the?@o‘%?‘blgmﬁrga e S)nédég?g{o @‘%ﬁﬁ@?@eég‘f‘f:ﬁ%é he art that
various chengites| and mtoreqartieuldriy ¢ anlinleb aose tonarsbembiydier & gaslurbine

departing fromthe spirit and scope of the clained invention.
engine such as a turbofan engine. .

Background Art

The turbofan engine is the most widely used powerplant on large aircraft
today. A typical turbofan engine has a compression section, a combustion
section and etumine section. An annular, primary flowpath for working medium
gases extends axially through the compression section, combustion section and
the turbine section. An annular secondary flowpath is disposed radlally outward
of the pnmary flowpath.

The compression section includes a low pressure compressor and a high
pressure compressor. The low pressure compressor has a piurality of stages,
the first stage of which is generally known as the fan stage. A fan duct extends
circumferentially about the low pressure compressor to bound the secondary
flow path. ‘

Working medium gases are drawn into the engine along the primary and
secondary flow paths. The gases are passed through the fan stage and the low
pressure compressor where the gases are compressed to raise the temperature
and the pressure of the working medium gases A portion of the gases are
flowed through the secondary ﬂowpath inwardly of the fan duct, and do not pass
through the later stages of the low pressure compressor.

A large percentage of the thrust produced by a conventional turbofan
engine is generated by the gases passing through the fan ducts. The ratio of
gases flowing through the fan ducts to the gases flowing through the engine core
is known as the bypass ratio. The bypass ratio may be a different value for each
individual engine model according to the performance requirements of the power

This is the replecem'ent sheet
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What is claimed is: 1. An inlet nose cone assenbly for an axial flow rotary
machi ne having a fl owpath for working nmedium gases and a fan rotor
assepbly that includes a . fan rotor- disk and a plurality of fan bl ades
that extend radially outwardly from

-2-

Gr——————

plant. In a large commercial turbofan engine, the bypass ratio may be as high
~as6.5t01.

In order for the fan stage to operate efficiently in compressing the working '
medium gases, the gases must enter the fan stage smoothly with a minimum of
perturbations. To accomplish this smooth airﬂow, an inlet nose cone is attached
to the fan stage to gradually turn the working medium gases into the fan stage.

The inlet nose cone is generally constructed of a light weight composite
material to reql._lce weight, an important consideration for aircraft power plants.
An aircraft powerplant, such as a turbofan engine, must produce sufficient power
to enable an aircraft to fly. The lighter the aircraft and its attached engine, the
smaller the quantity of power requiréd to enable the aircraft to fly. Thus, the

“ reduction of the inlet nose cone weight results in a smaller power requirement
for flight. -

Use of the inlet nose cone for an extended period of time may cause the
aft portion of the inlet nose cone, also known as the aft fairing, to radially deflect.
Continuou_s deflections of the aft fairing.can cause the composite material to

- delaminate or separate from adjacent layers especially if the inlet nose cone has
been damaged during handling or as a result of ingesting foreign matter into the
engine. These pieces of the inlet nose cone may be ingested into the primary
flowpath of the engine, decreasing the overall engine performanée.

Delamination also decreases the effectiveness of tf'n'e inlet nose cone by creating
disturbances in the flow path of thé wbrking medium gases that adversely affect
performance of the engine.

Several approaches have been used to solve this problem. One
approach is to wrap a fibrous glass material around the delaminated aft fairing of

- the inlet nose cone. This procedure giVes the inlet nose cone increased damage
tolerance and added strength in the transverse direction. While this procedure
repairs the damage to the inlet nose cone, it does not reduce future occurrences
of delamination. The repaired inlet nose cone is still susceptible to

delaminations in the future. This is the replacement sheet
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the fan rotor disk across the worKki ng nmedi um fl owpath, the inlet nose cone

assenbl y= conpri si ng: an inlet nose cone forned of a conposite
mat esi al havi ng ' - an interior surface, an exterior
surface, a first circunferentially extending |ocation and

a flange extending radially inward fromghe first circunferentially
extending |l ocation that is attached tQ_L%B_ian rotor disk and transn1ts t he
radial force fromthe fan rotor disk to the inlet nose cone; an aft
fairing formed of a conposite material having a first stiffness to

mass ratio, the aft fairing being integral with the inlet nose cone and
extending in cantilevered fashion rearward fromthe first circunferentially
extending location, the aft fairing having an interior surface
and '

Another approach is to inject resin between the separated composite
layers to bond the layers back together and restore the original configuration.
This procedure delays separation from progressing and bonds together the
delaminated composite layers. However, delaminations may occur in the future.

Yet another approach is to replace material in the flange and aft fairing
and to provide at least one layer of fibrous keviar material in tension around the
aft fairing to protect the fairing against handling and foreign object damage. This
procedure repairs the damage that occurred and stiffens the aft fairing of the
composite in.le‘t' nose cone and reduces stress. The fibrous kevlar material
exerts a tensile force upon the composite material of the aft fairing. - The tensile
force places stress on the bonds between the layers of the composite material
and can lead to delaminations, the very problem sought to be prevented.

The above art notwithstanding, scientists and engineers working under
the direction of Applicant’s Assignee have sought to develop alternate
'procedures for strengthening the inlet nose cone or repairing a composite inlet
nose cone which has a delaminated aft fairing.

Summary

This invention is in part predicated upon the recognition that a composite
inlet nose cone having an aft fairing subjected to impact damage which is
followed by radial deflections in the aft fairing that induce strain in that location
may have separation of the adjacent layers of the composite material and
subsequent loss of engine efficiency. ' B

According to the present invention, an inlet nose cone formed of
composite material having an aft fairing extending in cantilevered fashion from
the inlet nose cone further includes a circumferentially continuous outer ring
encircling the aft fairing that has a higher stiffness to mass ratio than the aft

fairing to constrain the aft fairing against radial deflection.
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an exterior surface, a circunferentially continuous outer ring

formed of a material having a second stiffness to mass ratio that is
greater than the first stiffness to mass ratio of the aft fairing,

t he -outer ring having an interior surface attached to the
exterior surface of the aft fairing .4.and the exterior surface of the

I nl et nose cone, through an area of . attachnent A, and _ an

exterior surface,

In accordance with one embodiment of the present invention, an inner
ring is attached to the bottom surface of the aft fairing of the inlet nose cone and
the bottom surface bf the outer ring. '

In accordance with one 6f the detailed embodiments of the present
invention, the outer ring is a one-piece assembly that attaches to the aft fairing

. of the inlet nose cone and straddles the flange.

A primary feature of the present invention is an inlet nose cone assembly
having an aft fa;iring. Another feature;is a flange that extends radially inward
from the inlet ;iose cone. The flange is attached to adjacent engine structure.
Ancther feature is an outer ring encircling the aft fairing and a portion of the inlet
nose cone. In one detailed embodiment, the present invention also features an
inner ring constructed in the form of a frustoconical section having two surfaces.

" The first surface i's bonded to the bottom surface of the aft fairing and the
second surface is bonded to the bottom surface of the outer ring.

A primary advantage of the present invention is the increased engine
efficiency that results from a smooth flowpath for the working medium gases.
Still another advantage of the present invention is a reduction in the cost of
ownership of the engine that results from the enhanced durability 6f the
composite inlet nose cone having an 'guter rihg encircling the aft fairing. The

| outer ring applies a compressive forcé under operative conditions to the aft
fairing that reduces the occurrences of delaminations and increases the
durability of the inlet nose cone assembly. |

These and other objects, features and advantages of the present
invention will become more apparent in light of the detailed description of the
best mode embodiment thereof, as iilustrated in the accompanying drawings.

Brief Description of the Drawings
FIG. 1 a cross sectional view of a turbofan engine
FIG. 2 a cross sectional view of a composite inlet nose cone assembly

of the present invention; ._
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- 12 - wherei n under operative conditions the inlet nose cone

and aft fairing are subjected to rotational forces and wherein the
fan rotor di sk grows outwardly in response to rotational forces on
the fan rotor disk and exerts an outward radial force on the fl ange
of the aft fairing and wherein the .s.outer ring extends forwardly of

the first circunferentially extendi NnQee—e o l0ocation a first |ength,
L[err], such that the length L[err] enables the radial forces -
transmtted through the flange to be resisted over a distributed area, the
outer ring also extending rearwardly of the first circunferentially

ext endi ng | ocation a second length, L[err], to within close
proximty of the fan rotor disk such that radial deflections of the

Surtace of ot BAG,RERHORE s YRR 180 bl BkPaireg compoRE P asg BanE P ext ert of
enabl i ng t he ppar KidiexpiatedsiRsaewlo! thé papHirsddédimposite inlet nose cone shown .
in Figure 3.

Best Mode for Carryfng Out the Invention |

Referring to FIG. 1, a turbofan gas turbine engine 10 is shown in
perspective view. The engine includes a low pressure compressor 20, a high
pressure compressor 25, a combustor 30, a high pressure tur_bine 35 and a low
pressure turbine 40. The engine also has a primary flowpath 45 and a
secondary flowpath 50 for working medium gases.

Tﬁe low pressure compressor 20 includes a fan section §5, an inner fan
case 60, and an outer fan case 65. The inner fan case 60 extends
circumferentially about the priméry flowpath 45 to bound the ﬂowbath atits
outermost portion. The secondary flowpath 50 extends radially outward of the
primary flowpath 45 through the fan section 55 and is bounded at its outermost
portion by the outer fan case 65. |

FIG. 2 shows a cross sectional view of one embodiment of an inlet nose
cone assembly 70 of the present invention. The assembly includes an inlet nose
‘cone 15 having a first circumferentially extending location 80 and
circumferentially located vent holes 85. The assembly also includes an outer
ring 80, a flange 100, and an aft fairing 105. A bubble airseal 110 éxtends
rearwardly, also shown in phantom is a portion of the fan section 55 that
includes a fan blade 115 and a fan rotor disk 120. The flange 100 extends
radially inward from the first Circumferentially extending location 80 of the inlet
nose cone 15. The flange is attached to the fan rotor disk 120.

The aft fairing 105 is integral with the inlet nose cone 15 and extends |
rearwardly in cantilevered fashion from the first circumferentially extending
location 80 to within close proximity of the fan rotor disk 120. The inlet nose
cone 15 and the aft fairing 105 are composed of a composite material having a
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into the fan bl ades; 2. The inlet nose cone assenbly as recited in claiml1,

further conprising: an inner ring forned of a material having a
presel ected mass, the inner ri ng having a first part
having a first surface facing outwardly which is attached to the
interior surface of the aft fairing over An area Alerr]. a

second part having a second surface faging outwardly which is

attached to the interior surface of the outer ring over an area Alerr],
wher ei n under operative conditions, the first part is urged outwardly in
response to rotational forces such that the area of attachnment Alerr]

bet ween the inner ring -and the aft fairing is held in conpression and
wherein the first sffrigyd toanhass fatiel JHe bubblarditseal i3 [beateadnsiidrehe aftFairinga!
forces such that the area of attachment, A2 between the outer ring and

the inner ritep and makes abutting contackwihdhe fan blade 115.
The outer ring S0 extends forward of the first circumferentially extending .

location 80 a first length, L, and- rearward of the first circumferentially extending
location 80 a second length L, to within close proximity of the fan rotor disk 120.
The outer ring 90 completely encircles the aft fairing 105 and a portion of the
inlet nose cone 15. The outer ring 90 is éomposed at least one layer of a carbon
fibrous materia! disposed between two layers of glass fibrous material with both
layers being b:)nded together by an'epoxy resin. The outer ring has a second
stiffness to mass ratio that is greatér than the first stiffness to mass ratio of the .
aft fairing 105 and the inlet nose cone 15. Examples of suitable materials for
this combination of materials are available from the Hexcel Corpofation.
Livermore, California as: T6C145 carbon fibrous material; style 120-38 glass
fibrous material; and F-263 epoxy resin. _

Referring now to FIG. 3 and FIG, 4, a repaired inlet nose cone assembly
70 is shown. The repaired inlet nose cone assembly includeé a foreshortened
aft fairing 105 that has a length L; that is shorter than the length of an
unmodified aft fairing 105. The length L, of the outer ring is at least twice
greater than the length Ls of the aft fairing. The distancé D, is the distance of
the modified aft fairing from the flange end 100 and the distance D, is the
distance of an unmodified aft fairing. '

The inlet nose cone assembly also includes an inner ring 125 in addition |
to the parts disclosed in FIG 2. The inner ring 125 is in the shape of a
frustoconical section having a first part having a first surface 130 and a second
part having a second surface 135. The inner ring has a third part 137 which is
inclined outwardly from the first part to the second part such that the surfaces .of
the first and second pafts are spaced radially one from the other and are each in
faying relationship with the aft fairing and the outer ring 90. The first surface
130 is attached to the foreshortened aft fairing 105 and the second surface 135

is-attached to the outer ring 90. The outer ring 90 and the inner ring 125 extend
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3. The inlet nose cone assenbly as recited in claim2 wherein the inner
ring is - 13 -
circunferentially continuous and has a third stiffness to nass ratio that
S | ess than the second stiffness to mass ratio of the outer ring and
wherein the mass characteristic and thg stiffness to mass characteristic
avoi ds the inner ring exerting noreJdhan a presel ected conpressive force
through the first and

to within close proximity of the fan blade 115. The bubble airseal 110 rests
under the first surface 130 of the inner 125. The inner ring 125 is composed of
glass fibrous layers with an inner layer(s) of kevlar material. The inner ring has '
a third stiffness to mass ratio that is less than the second stiffness to mass ratio
of the outer ring 90. Examples of suitable materials for this combination of
materials are élso available from the Hexcel Corporation, Livermore, California
as : style 120-38 glass fibrous material; K285 Keviar material; and , D-126 epoxy
resin. _ ' '

.During operatién of the engine, working medium gases are drawn into the
engine. As the gases approach the fan stage, the gases are flowed around the
contour of the inlet nose cone 15. The gases are compressed in the fan section

. 85. A large percentage of the working medium gases are flowed into the
secondary flowpath 50 and are exhausted to the atmosphere. The remainder of
the working medium gases follow the primary flow path into the low pressure
compressor 20 where the gases are further compressed.

The gases then énter_' the high pressure compressor 25 where again the
gases are compressed raising the temperature and pressure of the working
_medjum gases. The gases are flowed into the combustor 30, where they are
mixed with fuel and burned. The hot gas mixture is flowed into the high pressure
turbine 35 where work is extracted from the gas mixture. The high pressure
turbine 35 transmits this work to the high pressure compressor 25. The gases
are then flowed into the low pressure turbine 40 where still more useful work is
extracted from the gases. The low pressure turbine transmits work 'to the low
pressure compressor 20 and the fan section 55. Finally the gases are
exhausted to the atmosphere.

The nose cone assembly 70 is rotated about the axis of rotation of the
engine with the fan disk 120. The aft fairing 105 of the inlet nose cone 15 may
deflect radially during engine operation in response to rotational forces in
assemblies not having an outer ring. Continuous radial deflections cadse the
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second parts of the inner ring on the aft fairing and the outer ring at

rotati onal speeds encountered under nornmal operative conditions of the
engi ne. 4. The inlet nose cone assenbly as recited in claim3 wherein the
aft fairing extends rearwardly a distance L[err] fromthe first |ocation
and wherein the di stance L[err] which ghe outer ring extends rearwardly
"is at least twce the di stance L3 and Wherein the inner ring has a third
part which is inclined outwardly fromthe first part to the second part
of the inner ring such that the first and second parts of the inner ring
have surfaces that are spaced radially one fromthe other and are each
in faying relationship with the aft fairing and the outer ring. 5. The

inl et nose cone assenbly as recited in claim?2 V\/r]erelig the aft fairin

ext ends rear V\HFQ!FEO%tQJ?!?MéhE[a&f?]' ing 9% tdelemigate ihthe Nese gore ﬂﬁ%?’gpw
twice the  dia aiding'th e Bolt Bartdde) O e e e thi rd part
which is inclined Themethod for répamnghblsfdelamlr[airdn is@ast flodowsc Finst, aportion
thQS el 2 Bre]t aL'e 2 gqff;ﬁé Q@l@ig&g@?gi mfgfqlgr?g qogec?enr?gtﬁaﬂ that fexéeheec.isI tpwgearxlal' nd
length of the delamination, is removed. Next, the surfaces of the aft fairing 105
and the inlet nose cone 15 are abraded. A bonding medium (such as EA-9394
epoxy resin.adhesive available from the Dexter Corporation, Hysol Division,
Pittsburg, CA 94565) is applied to the inlet nose cone 15 and the aft fairing 105.
The outer ring 90 is applied to the inlet nose cone 15 and the aft fairing 105
such that the outer ring 90 extends forward of the first circumferentially
extending location 80 a first length, L, and rearward of the first circumferentially
extending location 80 a second length, L; to within close proximity of the fan
rotor disk. The bonding medium is allowed to cure for an appropriate amount of
time. Next the bonding medium is applied to the interior surface of the outer ring
90 and the interior surface of aft fairing 105. The inner ring 125 is.applied to the
aft fairing 105 and the outer ring 90. The bonding medium is allowed to cure for
an appropriate amount of time. Alternatively, a scrim supported epoxy resin
adhesive might be used for the bonding material.
A particular embodiment of the present invention can be utilized to modify
a nose cone assembly not'having an outer ring 90 but that has a serviceable
inlet nose cone 15. The procedure entails the following steps. First, the
surfaces of the inlet nose cone 15 and the aft fairing 105 are abraded. A
bonding medium, such as one of those discussed previously, is épplied to the
surfaces of the inlet nose cone 15 and the aft fairing 105. The outer ring 90 is
applied to the inlet nose cone 15 and the aft fairing 105 such that the outer ring
90 extends forward of the first circumferentially extending location 80 a first
length, Ly, and rearward of the first circumferentially extending location 80 a
second length, L,, to within close proximity of the fan rotor disk 120. The
bonding medium is allowed to cure for an appropriate amount of time.
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one fromthe other and are each in faying relationship with the aft fairing
and the outer ring 6. The inlet nose cone assenbly as recited in claim1l
wherein the forward | ength L[err] of the outer ring is greater than the
aft length L[err] of the outer ring such that the length L[err] extends
the outer ring forwardly to extend forwagdly t he region of resistance
of the outer ring to the force which i-s—&xerted by the fl ange on nose
cone and on the aft fairing and to decrease the force acting on the
outer ring over the length L2 through the aft fairing decreasing the .
strain in the aft fairing under operative conditions.

- 14 -

Another detailed embodiment of the present invention includes a repair kit
for a delaminated composite inlet nose cone 15. The repair kit includes an outer
ring 90 and an inner ring 125. The outer ring 90 is composed of a free-standing
carbon fibrous and glass fibrous material combination that has a higher stiffness
to mass ratio than the aft fairing 105. As mentioned, the inner ring 125 is
composed of a Kevlar fibrous and glass fibrous material combination that has a
lower stiffness to mass ratio than the outer ring 90 but may be higher than the aft
fairing 105. It should also be noted that material substitution could be made for
the outer ring 80 and inner ring 125 provided the stiffness to mass ratios as set
forth above are met. The higher stiffness to mass ratio of the outer ring 90 gives
the present invention several distinct advantages.

First, the higher stiffness to mass ratio enables thé outer ring to constrain
the radial deﬂéctions of the aft fairing 105 since the ring does not experience
any significant radial deflections. .

Second, the stlffness to mass characteristic of the outer ring S0 enables
the outer ring 90 to constram the aft fasrmg while having a cross sectional profile
that is thin in comparison with the aft fairing 105 or the inlet nose cone 15. This
is particularly important for nose cone assemblies that are modified, serviceable
nose cone assemblies. The thin profile does not significantly change the center
of gravity of the inlet nose cone assembly and thus does not significantly
increase the distribution of centrifugal forces exerted on the inlet nose cone
assembly. Also the thin profile of the outer ring 90 in comparison with the inlet
nose cone 15 allows for a smooth flowpath around the inlet nose cone 15 and
the aft fairing 105.

Another advantage of the present invention is that the adhesive bonds of
the inner ring 125 and the outer ring 90 are in compression during engine
operation. The compressive force of the inner ring 125 results from the lower
stiffness to mass ratio of the inner ring 125in comparison with the outer ring.
The compressive force exerted by the outer ring 90 results from the stiffness of
the outer ring 90 as compared with the inlet nose cone 15 and the aft fairing 105.
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7. The inlet nose cone assenbly as recited in claim2 wherein the forward
length L{err] of the outer ring i's greater than the aft length L[err] of
the outer ring . such that the length L[err] extends the outer ring
forwardly to extend forwardly the region of resistance of the outer ring
to the force which is exerted by the _{j.ange on nose cone and on the aft
fairing and to decrease the force acting____on the outer ring over the

|l ength L[err] through the aft fairing decreasing the strain in the aft
fairing under operative conditions. 8 The inlet nose cone assenbly as
recited in claim3 wherein the forward | ength L[err] of the outer ring
Is greater than the aft length L[err] of the outer ring such that the

|l ength L[err] extends the outer ring forwardly to extend forwardly t he
region of resistance of the outer ring to the force which is exerted by the
fl ange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L[err] through the aft fairing decreasing
t he

The adhesive bonds exhibit the greatest strength in compression while they
exhibit the least in tension. The outer ring and inner ring place the bonds in a
condition in which the maximum strength of the bonds can be utilized. The mass
(or mass characteristic of a specific embodiment) may be adjusted to ensure the
mass provides the necessary compressive force.

The inner ring may or may not be circumferentially continuous. There is
an advantage to having an inner ring which is circumferentially continuous. The
stifiness to mass characteristic ensures the force stayé within acceptable values
over the éntife range of rotational speeds which are experienced during normal
operative conditions.

. Another particular advantage of the present invention is the distribution of
the radial force transmitted through the flange 100 from the fan rotor disk 120.
During operation of the engine, the fah rotor disk 120 grows and thus applies
force to the flange 100. The location of the outer ring 90 helps to distribute this
force. The outer ririg 90 extends forward of the first circumferentially extending
location 80 a first leﬁgth that is greater than the second Iehgth that extends aft of
the first circumferentially extending location 80. This greater length helps to
distribute the forces that are applied to the inlet nose cone 15 through the flange
100 and reduces the forces taken out through the aft fairing, thereby reducing
the stress placed on the adhesive bonds between the outer ring 90 and the inlet
nose cone 15 and in particular between the aft fairing and the outer ring.

Although this invention has been shown and described with respect to the
detailed embodiments thereof, it will be understood by those skilled in the art
that various changes in the form and detail thereof may be made without
departing from the spirit and scope of the claimed invention.
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strain in the aft fairing under operative conditions. 9. The inlet nose
cone assenbly as recited in claim4 wherein the forward | ength L[err] of
the outer ring is greater than the aft length L[err] of the outer ring
such that the length L[err] extends the outer ring forwardly to extend
forwardly the region of resistance of {4he outer ring to the force which
I's exerted by the fl ange on nose cope.and on the aft fairing and to
decrease the force acting on the outer ring over the length L[err]

t hrough the aft fairing decreasing the strain in the aft fairing under
operative conditions. 10. The inlet nose cone assenbly as clained in claim
1 wherein the outer ring is formed of at least two | ayers of gl ass
fibrous material and a carbon fibrous mat eri al di sposed between at |east -
a portion of the layers of glass fibrous material, the carbon fibrous
mat eri al havWisatdsrdlaiméditsy s t hat ext end ci rcunf erent i aI |y and wherein
the outer ring has an epoxy resin di sposed about the and car bon

fibrous mat efli Asinlet nose cane ??ﬁ%'ﬂb%f@rea%@ﬁ@' fovdriary 'F% PGS claim 2
wherein the OUtfﬁfw;%étH Q?Il ‘Elorklné ﬂ'{éa?&n(ﬁas% dricfs tart Mitot nyérﬁb@fthgﬂ iAekidbs Y Ous

material and a Ca
fan rotor disk and a plurality of fan blades that extend radially outwardly from
the fan rotor disk across the working medium flowpath, the inlet nose cone

assembly comprising:

an :nlet nose cone formed of a composite material having
- annterior surface,
an exterior surface,
a first circumferentially extending location and
~ aflange extending ra'dial!y inward from the 'first circumferentially
extending location that is attached to the fan rotor disk and transmits the
radial force from the fan rotor disk to the inlet nose cone;

an aft fairing formed of a 6omposite material having a first stiffness to
- mass ratib, the aft fairing being integral with the inlet nose cone -and
extending in cantilevered fashion rearward from the first circumferentially
extending location, the aft fairing having
an interior surface and
an exterior surface,

a circumferentially continuous outer ring formed of a material having a
second stiffness to mass ratio that is greater than the first stiffness to
mass ratio of the aft fairing, the outer ring having

an interior surface attached to the exterior surface of the aft fairing
and the exterior surface of the inlet nose cone, through an area of
attachment A, and

an exterior surface, This is the replacement sheet
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- 15 - mat eri al di sposed bet ween at |east a portion of the |ayers of

glrass fibrous material, the carbon fibrous material having carbon fibers
t hat -ext end circunferentially and wherein the outer ring has an epoxy
resin di sposed about the glass and carbon fi-brous materials. 12. The

inlet nose cone assenbly as clained in _chgi_mS wherein the outer ring is
formed of at least two |ayers of glass_fibrous material and a carbon
fibrous mat eri al di sposed between at |east a portion of the |ayers of

gl ass fi brous

wherein under operative conditions the inlet nose cone and aft fairing are
subjected to rotational forces and wherein the fan rotor disk grows
outwardly in response to rotational forces on the fan rotor disk and exerts
an outward radial force on the flange of the aft fairing and Wherein the
outer ring extends forwardly of the first circumferentially extending
location a first length, L, such that the length L, enables the radial forces
transmitted through the flange to be resisted over a distributed-area, the
outer ripg also extending rearwardly of the first circumferentially extending
location a second length, L., to within close proximity of the fan rotor disk
such that radial deflections of the aft fairing are resisted under operative
conditions and the exterior surface of the outer ring bounds the working
medium flowpath enabling the working medium gases to flow smoothly
into the fan blades;
2. The ini_et nose cone assembly as recited 'in claim 1, further comprising:
an inner ring formed of a material having a preselected mass, the inner
ring having . '
a first part having a first surface facing outwardly which is attached
to the interior surface of the aft fairing over an area A, |
a second part having a second surface facing outwardly which is
attached to the interior surface of the outer ring over an area A;.

wherein under operative conditions, the first part is urged outwardly in
response to rotational forces such that the area of attachment A; between
the inner ring and the aft fairing is held in compression and wherein the
second part is urged outwardly in response to rotational forces such that the
area of attachment, A; between the outer ring and thé inner ring, is held in

compression.

3. The inlet nose cone assembly as recited in claim 2 wherein the inner ring is

This is the replacement sheet

LT R ————



material, the carbon fibrous material havi ng carbon fibers that extend
circunferentially and wherein the outer ring has an epoxy resin di sposed
about the glass and carbon fibrous materials. 13. The inlet nose cone

assenbly as clainmed in claim2 wherein the inner ring is fornmed of a
glass fibrous material and has at | east gne Iayer of Kevl ar mat eri al
di sposed about the inner dianmeter of thel ring and wherein the

inner ring has an epoxy resin disposed about the gl ass and Kevlar fibrous
materials. 14. The inlet nose cone assenbly as clainmed in claim3 wherein
the inner ring is formed of a glass fibrous material and has at | east
one layer of Kevlar materi al di sposed about the inner dianeter of the

i nner ring and, wherein.t nner . ' bout -
he® gl ase and GEwmIerantilG continGi R and Bl 3° i stiss ifad Gidifsel 2000
as clainmed in SJ};] r!iﬁfntllhw&ha stnhﬁegslt&ﬁqa&s 'ﬁﬂtm 8f the Qteprihgdnidovhérein theet

nose cone and t falring by a bond m&me lum 16. The inlet nose cone
assenbly as clmass:chanactgristionandtherstiffness lﬂ‘ia§§tCharaCéﬁfr*$tl¥c%VQﬁ5 theinnefier

ring is attached to {.he interior surf di ng
medi um the sé'%ﬁx?hpgé'&%r aFﬁepﬁeﬁﬁ%%Fercf%?fh&%sg tac ed r{i‘gu%g\e fikt 3R
second parts of the inner ring on the aft fairing and the outer ring at rotational

speeds encountered under normal operative conditions of the engine.

4. The inlet nose cone assembly as recited in claim 3 wherein the aft fairing
extends rearwardly a distance L from the first location and wherein the
distance L, which the outer ring extends rearwardly is at least twice the
distance L3 and wherein the inner ring has a third part which is inclined
outwardly from the first part to the second part of the inner ring such that the
first and second parts of the inner ring have surfaces that are spaced radially
one from the other and are each in faying relationship with the aft fairing and
the outer ring.

- 5. The inlet nose cone aséembly as recited ih claim 2 wherein the aft fairing

extends rearwardly a distance L, from the first location and wherein the

~ distance L, which the outer ring extends rearwardly is at least twice the
distance Ls and wherein the inner ring has a third part which is inclined
outwardly from the first part to the second part of the inner ring such that the
first and second parts of the inner ring have surfaces that are spaced radially
one from the other and are each in faying relationship with the aft fairing and
the outer ring

6. The inlet nose cone assembly as recited in claim 1 wherein the forward
length L, of the outer ring is greater than the aft length L, of the outer ring
such that the length L, extends the outer ring fqrwardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasihg the
strain in the aft fairing under operative conditions.
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interior surface of the outer ring by a bonding nmedium 17. The inlet nose
cone assenbly as clainmed in claim15 wherein the bondi ng medi um for the
outer ring is selected fromthe group consisting of an epoxy adhesi ve
paste or a scrimsupported epoxy adhesive film 18. The inlet nose cone
assenbly of claim 16 wherein the bondi nq4rredi um for

- 16- o

7. The inlet nose cone assembly as recited in claim 2 wherein the forward
length L, of the outer ring is greater than the aft length L2 of the outer ring
such that the length L, extends the outer ring _fowvardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasing the
strain in the aft fairing under operative conditions. |

8. The inlet nose cone assembly as recited in claim 3 wherein the forward
length L of the outer ring is greater than the aft length L, of the outer ring
such that the length L, extends the outer ring forwardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the
flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L. through the aft fairing decreasing the
strain in the aft fairing under operative conditions.

9. The inlet nose cone assembly as recited in claim 4 wherein the forward
length L, of the outer ring is greater than the.aft length L, of the odier_ring
such that the length L, extends the outer ring forwardly to extend forwardly
the region of resistance of the outer ring to the force which is exerted by the

" flange on nose cone and on the aft fairing and to decrease the force acting
on the outer ring over the length L, through the aft fairing decreasing the
strain in the aft fairing under operative conditions.

10. The inlet nose cone assembly as claimed in claim 1 wherein the outer ring is
formed of at least two layers of glass fibrous material and a cafbon fibrous
material disposed between at least a portion of the layers of glass fibrous
material, the carbon fibrous material having carbon fibers that extend
circumferentially and wherein the outer ring has an epoxy resin disposed
about the glass and carbon fibrous materials. . |

11. The inlet nose cone assembly as claimed in claim 2 wherein the outer ring is
formed of at least two layers of glass fibrous material and a carbon fibrous
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the inner ring is selected fromthe -group consisting of an epoxy adhesive
paste or-a scrimsupported epoxy adhesive film 19. The inlet nose cone
assenbly as clained in claim1l wherein the inlet nose cone has a
plurality of holes arranged circunferentially such that the interior
surface of the inlet nose cone is pl aceqsi n fluid comuni cation with the
exterior surface of the inlet nose cone-=20__The inlet nose cone assenbly
as claimed in claim1l wherein the outer ring has a plurality of
circunferentially arranged holes aligned with the circunferential holes
of the inlet nose cone. 21. The inlet nose cone as clained in claim1l
wher ein thg }‘Iapge is bolted to the fan rotor disk. 22. AKkit for
repairing dela A ' t MR 2568 ' nose
cone assenbly ﬁ‘aé\glgﬁégﬂg%pé%ﬁb%%@ act(')ne or negﬁo%?qgé)icéoy%%?iﬁgggg%%%seri al ,
an aft fairi ngnfatenaidthe carbonrfibosis matarial hasingearbag fibers that extend ness

ext endi ng | n aCEEATErE0UAbGARGURBER the At A e =h doe Ftin Beifspl™® "
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12. The inlet nose cone assembly as claimed in claim 3 wherein the outer ring is
formed of at least two layers of glass fibrous material and a carbon fibrous
material disposed between at least a portion of the layers of glass fibrous
material, the carbon fibrous material having carbon fibers that extend
circumferentially and wherein the outer ring has an epoxy resin disposed
about the glass and carbon fibrous materials.
13. The inlet nose cone assembly as claimed in claim 2 wherein the inner ring is
formed of a glass fibrous material and has at least one layer of Kevlar
material disposed about the inner diameter of the inner ring and wherein the

inner ring has an epoxy resin disposed about the glass and Kevilar fibrous

- materials.
-14. The inlet nose cone aésembly as claimed in claim 3 wherein the innerring
is formed of a glass fibrous material and has at least one layer of Keviar
material disposed about the inner diameter of the inner ring and wherein the
inner rihg has an epoxy resin disposed about the glass and Kevlar fibrous
materials.
15. The inlet nose cone assembly as claimed in claim 1 wherein the outer ring is
attached to the _ihlet nose cone and the aft fairing by a bonding medium.
16. The inlet nose cone assembly as clairhed in claim 2 wherein the first
surface of the inner ring is attached to the interior surface of the éﬂ fairing by
a bonding medium, the second surface of the inner ring is attached to the
interior surface of the outer ring by a bonding medium.
17. The inlet nose cone assembly as claimed in claim 15 wherein the bonding
medium for the outer ring is selected from the group consisting of an epoxy
adhesive paste or a scrim supported epoxy adhesive film.

18. The inlet nose cone assembly of claim 16 wherein the bonding medium for
| This is the repiacement sheet
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a circunferentially continuous outer ring forned of a material having a
second stiffness to mass-ratio that is greater than the first stiffness to
mass.ratio of the aft fairing, the outer ring being adapted to extend
forward of the first. circunferentially extending location a first |ength,
L[err], and rearward of the first C|rcuzjﬁrentialIy_extending | ocation a
second length, L[err], and, _ a 0 entially continuous inner
ring formed of a mat eri al haV|ng athird stiffness to nass ratio that is

| ess than the second stiffness to mass ratio of the outer ring, the inner
ring being in the formof a frustoconical section having a first surface, a
second surface and an inclined surface connecting the first surface to the

contact st he. af FeAe G i o N o S Lo Tace
contacts paste or a scrim supported epoxy adhesive film.

19. The inlet nose cone assembly as claimed in claim 1 wherein the inlet nose
cone has a plurality of holes arranged circumferentially such that the interior
surface of the inlet nose cone is placed in fluid communication with the
exterior surface of the inlet nose cone.

2Q. The inlet nose cone assembly as c'la'imed in claim 1 wherein the outer ring
has a plUra_l_ity of circumferentially arranged holes aligned with the
circumferential holes of the inlet nose cone.

21. The inlet nose cone as claimed in claim 1 wherein the\ﬂange is bolted to
the fan rotor disk. -

22. A kit for repairing delaminations to an inlet nose cone assembly, the inlet
nose cone assembly having an inlet nose cone formed of a composite
material, an aft fairing formed of a composite material having a first stiffness
to mass ratio, the aft fairing being integral with the inlet nose cone and
extending in a cant_ile\iered fashion from the inlet nose cone, a first
circumferentially extending location and a flange extending radially inward
from the first circumferentially extending location, the kit comprising:

a circumferentially continuous outer ring formed of a material having a
second stiffness to mass ratio that is greater than the first stiffness to mass ratio
of the aft fairing, the outer ring being adapted to extend forward of the first.
circumferentially extending' locatibn a first length, L4, and rearward of the 'ﬁrst
circumferentially extending location a second length, Lz, and;

a circumferentially continuous inner ring formed of a material having a
third stiffness to mass ratio that is less than the second stiffness to mass ratio of
the outer ring, the inner ring being in the form of a frustoconical section having a
first surface, a second surface and an inclined surface cbnnecting the first
surface to the second surface, the inner ring béing adapted such that the first
surface contacts the aft fairing along an area A, and the second surface contacts
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- 17 - the outer ring along an area A2 and wherein the mass
characteristic and the stiffness to nass characteristic is adapted to avoid
in the installed condition the inner ring exerting nore than a presel ected
conpressive force through the first and second parts of the inner ring on
the aft fairing and the outer ring at rqtational speeds encountered under
normal operative speeds of the engine.__2Z3, A method for repairing an inlet .

nose cone assenbly of an axial flow rotary ‘machi ne, the inlet -hose cone
assenbly having an inlet nose cone, an aft fairing that has a first
stiffness to nmass ratio and that has undergone . del am nati ons, which are

of an axial length L[err], a flange and a first

the outer ring along an area A; and wherein the mass characteristic and the
stiffness to mass characteristic is adapted to avoid in the installed condition the
inner ring exerting more than a preselected compressive force through the first '
and second parts of the inner ring on the aft fairing and the outer ring at
rotational speeds encountered under normal operative speeds of the engine.
23. A method for repairing an inlet nose cone assembly of an axial flow rotary
machine, the inlet nose cone assembly having an inlet nose cone, an aft
fairing that has a first stiffness to mass ratio and that has undergone
delaminations, which are of an axial length Lq, a flange and a first
circuniferentially extending location, the method comprising:

a) removing a length D, from the trailing edge of the aft fairing, D,
being greater than the axial length Ly of the delaminations;

b) abrading the surface of the inlet nose cone and the aft fairing;

c) applying a bonding medium to the inlet nose cone and the aft

~ fairing;

d) forming an outer ring from a material having a second stiffness to
mass ratio that is greéter than the first stifiness to mass ratio of the
aft fairing, the outer ring adapted to extend forward of the first
circumferentially extending location a first fength, Ly, and rearward
of the first circumferentially extending location a second length, Lo,

e) applying the outer ring to the inlet nose cone and the aft fairing;

f) allowing the bonding medium to cure for a length of time;

Q) applying the adhesive medium to the interior surface of the aft
fairing and to the interior surface of the outer ring; -

h) forming an inner ring from a material having a third stiffness to
mass ratio that is less than the second stiffness to mass ratio of the
outer ring, the inner ring ha\)ing a first part having a first surface, a
second part having a second surface and a third part inclined
outWardIy from the first part to the second part connecting the first
surface to the second surface, the inner ring being adapted such
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ci rcunf erentially extending |ocation, the nethod conpri sing: a)
renmoving-a length Derr] fromthe trailing edge of the aft fairing, D err]

bei ng greater than the axial |length Ld of the del am nati ons; b)
abradi ng the surface of the inlet nose cone and the aft fairing; c)
appl yi ng a bonding nediumto the inlet q se cone and the aft

fairing; d) formng an outer g froma material having a second
stiffness to mass ratio that I's greater than the first
stiffness to nass ratio of the aft fairing, the outer ring
adapted to extend forward of the first circunferentially

extending location a first length, L[err], and rearward of
the first C|rcum‘erent|all tend | ocat.i on econd th Llerr

e) applying the outethdh %&%ﬁt ?‘ﬂbq%rﬂ"é'&a?ﬁg% 3 'T'Qﬂcﬁl?ﬂ%%gﬁre?étﬁd‘ﬁg
f) ~ allow ng the bondiRg sBESh SUEce 14 $hdced rédia@l?gid?n@ﬁe f tsmurface and 9)

appl ying the adhesive mediumto the interior surface of the af
fairing and to the i nt @ontactslhé au@rungm@g)an@reaﬁag form ng

an inner rin fro h a_th ff
masls rati oI t%at 5 I es? ﬂglﬂP‘éw n 5'98 tg%??ﬁ&é'?“ﬂﬁf%@% Quier Bng’f t he
outer ring, the imner rjpwiffiHe ddifesive Bondes Eurefor ddeAgth dftimeur face, a

24. An inlet nose cone assembly for an axial flow rotary machine having a
working medium gas flow path and a fan rotor assembly that includes a fan
rotor disk and a plurality of fan blades that extend radially across the working
medium gas flowpath, the inlet r'\os_e cone assembly comprising:

an inlet nose cone formed of a composite material, the inlet nose cone

having

an interior surface,

an exterior surface,

a first circumferentially extending location,

aflange ext'ending radially inward-from the first circumferentially
extending location which is attached to the fan rotor disk and

a plurality of holes arranged cirbumferentially such that the interior
surface of the inlet nose cone is placed in fluid communication with the
exterior surface of the inlet nose cone, |

an aft fairing formed of a composite material integral with the inlet nose
cone, the aft fairing having
an interior surface and
an exterior surface,
wherein the aft fairing extends in cantilevered fa_shion from the first
circumferentially extending location such that the working medium gases flow |
. smoothly into the fan blades;

a continuous outer ring formed of a carbon fibrous material having a

* [ L L S * |
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second part having a second surface and a third part inclined

outwardly fromthe first part to the second part connecting the first
surface to the second surface, the inner ring being adapted such

- 18 - that the first surface contacts the aft fairing
along an area Alerr] and . -HBQ second surface is spaced
radially fromthe first surface and '

vt ar———

highgr stiffness to mass ratio than the aft fairing, the outer ring having
an interior surface, |
an exterior surface and
circumferentially arranged holes aligned with the mrcumferentual

holes of the inlet nose cone,

wherein the interior surface of the outer ring is attached to the exterior
surface of the aft fairing and the exterior surface of the inlet nose cone, the
outer ring extendlng forward of the f rst circumferentially extending location a
first length, Ly, and rearward of the fi f rst circumferentially extending location a
second length, L, to within close proximity of the fan rotor disk such that
radial deflections of the aft fairing are constrained, the outer ring being
attached to the inlet nose cone and the aft fairing by a bonding medium;

a continuous inner ring formed of a Kevlar fibrous material disposed
between a glass fibrous material having a lower stiffness to mass ratio than .
the outer ring, the inner ring being in the form of a frustoconical section '
having ,

a first surface,
a second surface and
an inclined surface extending angularly from the first surface to the

. second surface,

wherein the first surface is bonded to the interior surface of the aft fairing

| such that the bond between the aft fairing and the outer ring is held in
compression and the second surface is bonded to the interior surface of the
outer ring such that the bond between the second surface and the outer ring

is held in compression under operative conditions.
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contacts the outer ring along an area Alerr]. 1) appl ying the
inner ring to the aft fairing and the outer ring; 1) all owi ng the
adhesi ve bond to cure for a length of tinme. . 24. An inlet nose cone
assenbly for an axial flow rotary machi ne having a wor ki ng medi um gas
flow path and a fan rotor assenbly that includes a fan rotor disk and a
plurality of fan bl ades that extend radially across : di um
gas flowpath, the inlet nose cone assenbly conpri si nBH@ MJ&J ; iBIEEQt nose
cone fornmed of a conposite material, the inlet nose cone REPLA .
an interior surface, an exterior surface, a first
circunferentially extending | ocation, a flange extending
radially inward fromthe first circunferentially extendi ng | ocation
which is attached to the fan rotor di sk and a plurality of

hol es arranged circunferentially surface of the
I nl et nose cone is placed in f|uA§gﬁ%ﬁ%§ﬁﬂE%pﬁﬁﬂg&§ the
A Rotating Composite Inlet Nose Cone Assembly and Method for Makmg

the Assembly

An assembly for a rotating composite inlet nose cone that has undergone
delaminations. The assembly strengthens the inlet nose cone and thus reduces
delaminations of the inlet nose cone. Ina partlcular embodlment an outer ring
can be used to prevent delaminations in an undamage_d rotating inlet nose cone.

Figure 1
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exterior surface of the inlet nose cone, an aft fairing formed of a-

conposite material integral with the inlet nose cone, the aft fairing
havi ng an interior surface and an exterior
surface, wherein the aft fairing extends in cantilevered fashion from
the first circunferentially extending Jocation such that the working
medi um gases fl ow snmoothly into the ié%'blades; ,a continuous

outer ring forned of a carbon fibrous material having a
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- 19 - hi gher stiffness to nmass ratio than the aft fairing, the

outer ring having an interior surface, an exterior
surface and circunferentially arranged holes aligned with the
circunferential holes of the inlet nose cone,

-2-
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wherein the interior surface of the outer ring is attached to the exterior
surface eof the aft fairing and the exterior surface of the inlet nose cone,
the outer ring extending forward of the first circunferentially extending

| ocation a first length, L[err], and rearward of the first
circunferentially extending | ocation a §§qpnd | ength, L[err], to within
close proximty of the fan rotor disk t radial deflections of the
aft fairing are constrained, the outer ring being attached to the’inl et
nose cone and the aft fairing by a bonding medi um . a continuous inner
ring formed of a Kevlar fibrous material di sposed between a gl ass fibrous
"material having a |ower stiffngses to mass ratio than the outer ring, the
inner ring being in the form of®a frustoconical section having a
first surface, N a secqnd surface.and an inclined
surface extending anguharly f ; Qe second surface,

FIG.4
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. . . . . A3p4b<|
wherein the first surface is bonded to the interior surface of the aft ¢
fairing such that-the bond between the aft fairing and the outer ring is W%J
held in conpression and the second surface s bonded to the interior
surface of- the outer ring such that the bond between the second surface and
the outer ring is held in conpression under operative conditions.

~ Abstract of the Disclosure

Inlet Nose Cone Assembly and Method for Repairing the Assembly

5 An assembly for a rotating composite inlet nose cone that has undergone
delaminations. The assembly strengthens the inlet nose cbne and thus reduces
delaminations of the inlet nose cone. In a particular embodiment, an outer ring
can be used to prevent delaminations in an undamaged rotating inlet nose cone.

( Figure 1)
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