HOLLOW FAN BLADE TUNI NG USI NG DI STI NCT FI LLER MATERI ALS BACKGROUND OF
THE | NVENTI ON This application relates to a hollow fan bl ade for a
gas turbine engine. 5 Gas turbine engines may be provided with a fan
for delivering air to a conpressor section. Fromthe conpressor
section, tHOLLOW FAN BbAJNE dANING ABINGePESTINGE FLESHTH YEATERIALS
section. The conbustion section mxes fuel with the air and conbusts
t he conbi nation. Products of the conbustion pass downstream over

turbine rotors which ar qgjcwo{mmqj}argﬁamlwmw rotate the
conpressor and fan. 10The fan may include a rotor having a plurality
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dovetail, and an airfoil extending radially outwardly fromt

dovet ai | . definest baintdrmediejgodistind main i@mbladrebatyarredwer skin is m@eﬁwer of
25mat eri al, bej ng .se d.tqQ provi dditional ~stiffness t
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danpi ng chamdet 6f dh'itlbﬁ?g%s including lifiteidaf $fdsd¥8 th VeBdi168 the Wéngtn6f the fan
forgm ng fan bl ade, | east one of the channels may extend into the

mai n Bady blagea cl osed end, from an open end. I n anot her

further enbodi e %wr? b kiﬁ%l%lgér naﬁgﬂl{j‘? rfﬂﬂair ate@ils Qh{%dﬂ‘l%’ g]f(algﬁel%ggl‘dlgeg

bl ade may additionally or a y 1 nclude a cover

to at | eastiffening ofatdriats mapbe honeycomb,toangitb@or hutat foam. enbodi nment  of
any of the forgoing fan bl ades, the cover skin nmay cover the open end
of the at |east one channel.

SUMMARY OF THE INVENTION
20 An embodiment addresses a fan blade that includes, among other possible
things, a main body extending between a leading edge and a trailing edge. Channels
are formed into the main body, with a plurality of ribs extending intermediate the
channels. The fan blade has a dovetail, and an airfoil extending radially outwardly
from the dovetail. Material is deposited within the channels, with one type of
25 material being selected to provide additional stiffness to the fan blade, and a second
type of material being selected for having good damping characteristics.
In a further embodiment of the forgoing fan blade, at least one of the channels
may extend into the main body to a closed end, from an open end.
In another further embodiment of either of the forgoing fan blades, the fan
30  blade may additionally or alternatively include a cover skin bonded to at least one of
the nibs.
In another further embodiment of any of the forgoing fan blades, the cover
skin may cover the open end of the at least one channel.
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1 I n anot her further enbodi ment of any of the forgoing fan

bl ades, the first material nmay be utilized in a channel adjacent
radially inner |ocations, while said second material may be utilized
wi thin the sane channel at radially outer |ocations. |In another
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In another further embodiment of any of the forgoing fan blades, both the first

20  and the second material may be of a lower density than the material forming said
main body.

In another further embodiment of any of the forgoing fan blades, the first
material may have a greater stiffness relative to said second material, and said second
material may have better damping characteristics than the first material.

25 Another embodiment addresses a method of designing a fan blade that
includes, among other possible steps: identifying areas within a hollow fan blade
that would benefit from additional stiffening, and other areas which would benefit
from additional damping; placing a damping material in channels formed within the
fan blade at the locations which will benefit from additional damping; and placing a

30 stiffening material at locations within the channel that will benefit from additional
stiffness.

In a further embodiment of the forgoing method, the method may include
identifying a vibrational node in the hollow fan blade,
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stiffness. In a further enbodi nent of the forgoing nethod, the
met hod may include identifying a vibrational node in the hollow fan
bl ade, I n anot her further enbodi nent of either of the

foregoi ng net hods, the nethod may include placing a danping naterial
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skin is bonded to at |east one the ribs. _ ese and
ot her f eatmtersald pretdepositedenithio thewhannpls, Wik adirstumaterisl sstagtedriomrotide
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a gas turkhaacterigide. Figure 1B shows an enbodi nent of a fan bl ade.

25Fi gure 1C shows another feature of the Figure | A fan bl ade. Figure
2 is aJcross- sébwyrher enkadimenf the duregaipg gas &nbiRa enaing ¢least opg of
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In a further embodiment of either of the foregoing gas turbine engines, a
cover skin is bonded to at least one of the ribs.
These and other features of the invention will be better understood from the

20 following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A shows a gas turbine engine.
Figure 1B shows an embodiment of a fan blade.
25 Figure 1C shows another feature of the Figure 1A fan blade.
Figure 2 is a cross-sectional view along line 2-2 as shown in Figure 1A.

Figure 3 shows a main body of the Figure 1A fan blade.

DETAILED DESCRIPTION
30 A gas turbine engine 210 is shown in Figure 1A. As shown, the engine 210
includes a fan 250 (which includes a plurality of fan blades 20), a compressor

section 254 (which includes both a low pressure compressor 256 and a high



DETAI LED DESCRI PTI ON 30A gas turbine engine 210 is shown in Figure
1A. As shown, the engine 210 includes a fan 250 (which includes a
plurality of fan bl ades 20), a conpressor section 254 (which includes

both a | ow pressure conpressor 256 and a high pressure conpressor
258), a cawesuteoeomp@ssoatPdy  uromihvetos ekl cﬁmdzazultwm geetipn cd63devhiplot h
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section 26Ggar 272. A fan blade 20 is i I lustrated in F| gure 1B havi ng
an airfoil 18 extending radially outwardly froma dovetail 24. A
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18 extignditRgcdnislistr pissaidbm@irelny ovésulblie: sebligr242s driven to rot ate, it
carries the fan blade with it. There are higher stresses in fan bl ade

20 adj acent toA Hen plder201s Hinetraterd du Figudi hgfvi@mtawaaitfpi} 18 extending
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body 28. Mefifyffe faﬁwa?rh'aﬂdi’*@aﬂinﬁﬁse&tﬁéﬁlrﬁﬁlvlg' es or channel s 30 in the
mai n body 28. The main body 28, the cap 37, and the skin 32 may all

be fornmed of aIAﬁmhnumlanlmmlﬁl.la fanmmonm&]raiei\@ys:he dinvetil ZHatoempurtshe
such t|ta m .tifanjun | oys,.or opri at
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channel extipogitng theaoas s o than ertr taliilhi akwasy. W|th covers at each
si de. As shown, a plurality of ribs 26 separate channels 30 in

the cross-sect FGEHIEI4 Eltqwsa% éEPSﬁﬁeqfiogLﬁfethQ famla@ﬁ&% at fthe pfoilh§.erdsl
100 b |
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30, of coufse |t eed
{1 othér tha erlals sugh as titanium, titanium alloys or appropriate metals

may alternatively be utilized.
In addition, while the fan blade is shown having one cover, and the channels
25 30 having a closed inner end, it is also possible that the main body would provide a
channel extending across its entire thickness, with covers at each side.

As shown, a plurality of ribs 26 separate channels 30 in the cross-section
illustrated in Figure 2. As shown, filler material 100 may be deposited within the
channels 30. The filler material would typically be of a lighter weight than the

30 main body 28. As will be discussed below, in this application, distinct types of
filler materials are utilized across the areas of the fan blade 20. While the drawing

shows the material 100 completely filling channels 30, of course it need not do so.
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Figure 3 shows the main body 28. There are a plurality of channels 30
spaced fromthe front or |eading edge 21 to the back or trailing edge
22, and varying fromthe radially inner end toward the radially outer
tip. As shown, sone of the channels 30 extend generally radiall
upwardly. O herFigiranheheys ﬂwcmamsb@iyba&n nElerg e eplaraliggvarf ¢harngls 30
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fundament al nodgsredfse w\ve@hanpﬁﬁaeﬁfam tonmerk i@z thé, arfodt | dfedhannels
material 100 is deposited within 15 the channel. In the prior art,

the fill eanfangimnge thesmowny obadn d{wwadtheoe |!J=‘r 8lsp deneadi fornasigétional

The presen lication re es tha mat er.i al

o ovi ded BYITRS SHEEREe Falb it 208 490 3 ouSHOT HEHH PHeBRigtr ends
Thus, 1ghangelsizs Ughe ageghannel 101 which extends only for a portion
of the radial extent of the main body 20 28 may be filled with only
material 102. Naiseals@desifPleneyfonm & blade tveclt avqido ventten ageiativoal alodes
stiffness. One possible material is a netal foam such as an al um num

foam Al séCIOéﬁ)Fl}eL@ng@oon%ﬁt@g.ramgem@» giEona dppss Epwar the, HR 98108 ter £gh0ohs

channel 1 rdly may
have a por |o%]% Falhﬁegéhﬁfé?‘ Ees%ﬁlﬁ%@éﬁg%{%”%@%@h{e\éta? HB%{@O a portion
of material 104Aswhince appresdted ieBigos 220 fRMMANE L NB0dC epdsiitd &thin
Such a _danpening rmaterial may be a rubber foam Channel 41 is shown
provi déd & 9hawn@1h Imehedziifgi 41y thedBler anatergy has only bgen ytiized ey prade
each of th{a fﬁe gnnel s can be provided with distinct characteristics
based upoﬁ { &7 | ocation across the airfoil. At the radi ally outer

ends, where danmpenftedet %;mcdmﬁrp RAAIEN TR (HROFRS MSteAMSEan! lﬁ@?fdv?déﬁ byt he
e
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20 28 may be filled with only material 102. Material 102 may be selected to provide
additional stiffness. One possible material is a metal foam such as an aluminum
foam. Also, corrugated material may be used. Other channels, such as channel
103, which extends somewhat further radially outwardly may have a portion filled
with stiffness material 102, but also a portion of material 104 which is selected for

25 damping characteristics. Such a dampening material may be a rubber foam.

Channel 41 is shown provided only with the damping material 104.

In this manner, each of the channels can be provided with distinct
characteristics based upon their location across the airfoil. At the radially outer
ends, where damping to avoid fundamental nodes is most important, the material

30 104 allows a designer to achieve desired characteristics. On the other hand, at

radially inner portions, where stiffness is more important, the material 102 provides



greater opportunities. O course, sone channels may have no materi al,
if appropriate. Channel 300 is an exanpl e. Anot her way of
utilizing the two types of material is shown in the channel 110. In
this exanple, a node, or area of significant bending due to
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t han one node ma}/ b ideﬂ:gdf.i ed. The danping material 104 may be
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the scope of A SERAEL Bl 162 TG Ao b, SRR HEREP L bl "

shoul d be o2 Jighted deshity Ahaiethe ikt b ehel ihinig BHAPRE. s COBY €6 noPinctdabd
invention. CLAIMS 1. A fan blade conpri sing: a mai n body

ext endf ng tireovazalh mass @ dhengrabdbedyatodthe exteal fiti would digeincreasedcif Alen giain
formed i ni}o sai.d mai.n ﬂocljy, with a plurality of ribs extending
i nt er medi nggiaﬁémzq%%ﬁ &'s, the fan bl ade havi ng a dovetail, and an

airfoil extendiipgqddifighaibeYmaterial 102 would have greater stiffness than the material

104, and the material 104 would have better damping characteristics than the

material 102. One stiffening product that could be used is Duocel aluminum foam,

20 from ERG Aerospace Corp. An appropriate damping material is AMS-3356
silicone rubber compound. Of course, other materials can be used.

Although embodiments of this invention have been disclosed, a worker of

ordinary skill in this art would recognize that certain modifications would come

within the scope of this invention. For that reason, the following claims should be

25  studied to determine the true scope and content of this invention.



outwardly fromsaid dovetail; and at least two materials
deposited within said channels, with a first material being selected
to provide additional stiffness to the fan bl ade, and a second
mat eri al being selected for danping characteristics. 10 2. The fan
bl ade as set forth in clain11 wher ELAIMS | east one of said channel s

extends i o th fnab %X a closed end, froman open end. 3. The
fan bl ade 'R0 ?ﬂFF %ﬁ%ﬂ%\Z further conprising a cover skin
bonded 150 at 4 8l veae cQ{enEiﬁ'@ BéhSen a%ea(iﬁg dige aﬁhaéi%aﬂﬁl Sé‘&gef Qng h
in claim3, wherein the cover Skin covers open end ?

| east one<@m@ﬁﬁé&nmz¢ﬁﬁwh@dﬁmnnbbéﬂewﬁbaSbndﬁwmfmbsnxmn@ngmﬂmmwwaﬁeln

ocat i ona. hariniy 08 S8 o Chiar & SRR ool B, et RS oty

channel akmmﬁﬂﬂgrﬁMn@mﬁqmvaggahmons 6. The fan bl ade as set forth
inclaiml, wherein at |east one of the channels 25includes only said

first material .at lqast Twe majprials daposited swthin seidrchiapnds, avith 2, fisgheratarial at
I t t
east o WL @lo' B S ENRD ARk ol SHHIGS 10 HloVed Blefle SEHON LR ok Bl

WhEr éin salrd Secon
mat eri al |‘c&1r@seldotedrfoﬁdmpmgc&racﬂfﬁstiﬁan bl ade as set forth in claim

1, mh%bein said first material is a nmetal foam
2. The fan blade as set forth in claim 1, wherein at least one of said channels

extends inte the main body to a closed end, from an open end.

3. The fan blade as set forth in claim 2, further comprising a cover skin bonded

15  to at least one of the ribs.

4, The fan blade as set forth in claim 3, wherein the cover skin covers the open

end of the at least one channel.

20 5. The fan blade as set forth in claim 1, wherein said first material is utilized in a
channel at radially inner locations, while said second material is utilized within the

same channel at radially outer locations.

6. The fan blade as set forth in claim 1, wherein at least one of the channels

25  includes only said first material.

7. The fan blade as set forth in claim 1, wherein at least one other of the

channels includes only said second material.

30 8. The fan blade as set forth in claim 1, wherein said second material is a rubber

foam.



10. The fan blade as set forth in claim1, wherein a node is

identified on an area 5of bending concern along said airfoil, and
said second material is included in at |east one of said channels at
a location selected to support said airfoil at said node. 11. The

fan bl ade %s sekthef BpttHadenascsehiforth o claie rleivheraie seid| fystsmpigripl jss3 metal
mat eri al %5@ radially outwardly and radially inwardly of said second
material in the channel 10associated with said node. 12. The fan

bl ade as set forth in claiml1l, wherein both said first and second

material are of a |ower density than.the nmaterial form n%_said mai n
body. 1513.01he Fhgrfappb é?&l@%ets@ft fip ctapm; I hersiR nodepseidentificd grgary area ¢
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and said seco etter aracteristics an said
first mat emleaalfsaldd:haﬁﬂabaffarhodatlanisselazted;tetsuppm fnid airfollait said potdier ei n at
| east one channel has no 20material. 15. A nmethod of designing a fan

bl ade conprising the steps of: identifying areas within a

hol I ow fan bl adgthablweys shtiemeld daild Pnvadedih bRR&ls satd fikenh@bal kynd
ot her areas which woul d benefit from additional danmping; 25placing a

danpi ng naedinilnlouwardlyamrd radiflyr mevardiyt bf sait heecdrain makexdé imtthe lwbannel

| ocati.gns whi ch | t from additional danping; and
pl aci AQ a agchfafteeq\qn‘ivﬁfé Ef’rgtng §al at locations within the channel that

will benefit from additional stiffness 3016. The nethod as set forth

in claim15, further conprisin identifying a vibrational node in
t he hol | oW2f an Hicataa blade as set orth in claim 1, wherein both said first and second

material are of a lower density than the material forming said main body.

15 13.  The fan blade as set forth in claim 1, wherein said first material has a greater
stiffness relative to said second material, and said second material has better damping

characteristics than said first material.

14. The fan blade as set forth in claim 1, wherein at least one channel has no

20  material.

- 15. A method of designing a fan blade comprising the steps of:
identifying areas within a hollow fan blade that would benefit from additional
stiffening, and other areas which would benefit from additional damping;
25 placing a damping material in channels formed within the fan blade at the
locations which will benefit from additional damping; and
placing a stiffening material at locations within the channel that will benefit

from additional stiffness.

30 16.  The method as set forth in claim 15, further comprising:

identifying a vibrational node in the hollow fan blade.

17.  The method as set forth in claim 16, further comprising:
3



17. The nethod as set forth in claim16, further conprising: 8

pl acing a danping material in said channels at an area associ at ed
with said node. 18. A gas turbine engine conprising: 5a fan section
delivering air into a conpressor section, air is conpressed by the
conpressor sectilgmngadageiis/maedal it sid chanplgst on apprerssogistell Vil sad

W th fuellgﬁg conbusted, products of the conmbustion pass downstream
over a turbrne section; and said fan section including a
plurality of fan blades, with said fan bl ades conprising a nmai n body
extendi ng between a | eading edge and a trailing edge, and 10 channel s
forned i ntld- said SABINPIBOBRENGFARPTING ural ity of ribs extending

i nt diate t | .Sy . 5 i 0QL.: et Al
i1 of P ext ondi P e aIory SHEATHIH FP ekt BRa R HnbesMbile
two mat er iehpreteposictiadand tidliverslaintb € lkambedtsr wherehit & rhixed twittafuet iaad

bei ng selected t rovi de. additjional stiffness to the fan bl ade, and
a second FAFBUSES FE%(?%& P ERRPSHER PEASASHASI AR UL ALPELERS segtion; gnd 1 g

The gas turbi ngRNghN&.casn %ﬁéluéiﬁ%taggléugalg&%f@a&%la&@%ﬁ%nsﬁ fin?%?atdeé)né

of said channels extends intot ody to a closed end, from an

open end. cogfrisifige mam badybixtendenppbetecasa detlingoadgh and ackalimg édge, and
furt hellb C%ﬁgﬁrilefsi E)%néad fnio Said %Qasul'f ibgd)g% eg pfu?'alﬁ;[/ olf %%g Eaxt%rrf(%n(g) finttegr?edliz{tg S
the channels, the fan blade having a dovetail, and an airfoil extending radially
outwardly from said dovetail, and at least two materials deposited within said
channels, with a first material being selected to provide additional stiffness to the fan
blade, and a second material being selected for damping characteristics.
15
19.  The gas turbine engine as set forth in claim 18, wherein at least one of said

channels extends into the main body to a closed end, from an open end.

20.  The gas turbine engine as set forth in claim 18, further comprising a cover

20  skin bonded to at least one of the ribs.



