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FOREIGN ORJECT DAMAGHE ELIMINATION SYSTEM

BACKGROUND OF THE INVENTION

[6001] Exemplary embodimenis of the lnvention relate (0 & rolary wing aircrafl, and
more particudarly, to a method and apparatus for manufacturing a rotor blade of a rotay wimg
aiverafl.

08821 During fabrication of a rotor blade of a rotary wing sircraft, debris such as
hianiam and staindess steel splinters or chips can enter the blade spar and become trapped in
the closed tp of the blade. In addition, these chips can become wedged between the conie
and flat portions of the interfor spar surface causing dansage, such as scratches for example,

to a critical area of the spar.

BRIEF DESCRIPTION OF THE INVENTION

{8003] According to ong embodiment of the mvention, an assembly configured to
prevent damage (o an object during manafacnwe thereot 1s provided inclading a first howsing
having a substantially hollow interior. An exposed frst planar surface of the frst housing
tucludes an indet port and a plurality of small openings formed about the periphery, The mlet
pert, the hollow interior, and the phurality of small openings form a fluid flow path through
the assembly. A second housing, substantially stmilar i size and shape to the fisst housing,
has an exposed second planar surface.  An intermediate laver is arranged between the first
housing and the second housing. A cross-section of the intermediate layer 15 configured 1o
change shape i response (o a compression force apphed thereio by the first housing and the
secord housing to fornt a seal separating an exterior portion of the objection exposed to the
plurabity of small openings from an interior surface of the object.

[0804] In addition to one or more of the features described above, of as an aliernative,
i further emboduments the flow path s configured to counter a flow of debris mio the
mitertor surface of the object.

j0005] In addition to one or more of the features described above, or as an allernative,
m forther embodiments the inlet port is connected to 8 pump operably coupled o a fluid
supply.

[0006] In addition to one or move of the features described above, or as an allernative,

in further embodiments the fluid supply includes one of air or coolant.
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{00871 In addition fo one or more of the featwres deseribed above, or as an aliernative,
f1 forther embodiments the plurality of small openings I8 equidistantly spaced abowt the
periphery of the fivst planar surface.

[0808] In addition to one ot mwore of the femtures described above, Or as an aliernative,
w1 further emshodiments a portion of the plurality of small openings has a dimmeter larger than
a rentainder of the plurality of small openings.

0089] In addition to one or more of the features described above, or as an allernative,
in further embodiments the portion of small openings adjacent the miat port have a smaller
diameter than the remainder of the plurality of small openings.

{06010] In addition o one or more of the features described above, or as an alternative,
in further embodiments at {east one fastener extends through and 15 configured o affix the
first housing, the intermediate {aver, and the second housing,

[6611] In addition to one or more of the featares described above, or as an alternative,
i forther embodiments 3 compression {astener extends through the first housing, the
miermediate layer, and the second hoasing. A {ivst ot coupled (o the compression fastener i
arranged adjacent the first planar swface, and a second nut connected to the compression
fastener is arrgnged adjacent the second plangr surface,

[6812] In addition © one or more of the features described above, or as an aliernative,
w farther enbodiments the compression force apphed o the inlermediate Javer by the first
and second housings 1s controlled by adjusting one of the first nut and second nut.

j06013] According to another embodiment of the invention, a method of cleaning a
rotor blade spar 1s provided including mserting an assembly into a hollow interior of the spar.
The assembly icludes a first housing, a second, housing, snd an intermediate housing
disposed between the first and second housings. A seal is formed using the intermediate
housing o separate a closed interior surface of the spar from an open iterior surface of the
spar. A flow of fhud 1s generated into a cavity of the first hoasing and out of holes in the first
housing such that the fluid flows toward the open interior surface of the spar without passing
mio the closed interior surface of the spar.

[0014] In addition o one or more of the features described above, or as an aliernative,
m further embodiments the nserting the assembly into the spar inchudes positioning the spar
between an inboard end of the spar and a critical surface of the spar.

{8015] In addition to one or more of the features described above, or as an alternative,
m further embodiments forming the seal mcludes compressing the intermediate housing

between the first housing and the second housing,

P
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{0016] In addition fo one or more of the featwres deseribed above, or as an aliernative,
1 further embodiments the ntermediate bousing 1 conyressed by hightening a nuat attached
to & compression fastener extending through the first housing, the intermediate housing, and
the second housing.

[6817] In addition o one or more of the features described above, or as an alternative,
i further embodiments the flow of fluid into the cavity 15 generated by a pump operably
coupled 0 a fluid supply, the fuid supply being one or air or coolant.

[6018] Technical effects include a rotor blade having mummal intenior damage o

hight critical surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

[6619] The sebject matier, which is regarded as the invention, i3 particularly pointed
out and distinctly clumed in the claims at the conclusion of the specification. The foregoing
and other featares, and advantages of the invention are apparent from the following detailed
description taken i conjenction with the accompanyving drawings in which:

[0020] FIG. 1 is a perspective view of an example of a rotary wing atrerali;

[0821] FIG. 2 is perspective view of g rotor blade assembly of a raain rotor system of
a rodary wing aireraft according to an embodiment of the mvention;

[6822] FIG. 3 is a perspective view of an assembly confimued to prevemt forgign
object damage during the manafacture of a rotor blade assembly sccording to an embodiment
of the invention;

00231 FIG. 4 is a parspective view of the assembly according to an embodiment of
the invention;

[0824] FIG. S is another perspective view of the assembly according to an
embodiment of the invention;

[0025] FIG. 613 a perspective view of the assembly arranged within a rotor blade spar
according 10 an embodiment of the invention; and

[B026] FIG. 7 is a cross-sectional view of the rotor blade assembily of FIG. 2 taken
along lings L-L according to an embodiment of the invention.

{00271 The detatled description explains embodiments of the invention, together with

advantages and fegtures, by way of example with reference to the drawings,
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DETAILED DESCRIPTION OF THE INVENTION
[3028] FIG. 1 schematically tlustrates @ rotary wing aircrall 10 baving 3 main rotor

assembly 12, The abrerall 10 includes an auwframe 14 hoving an extended tad 16 which

mounts g ial rotor system 18, such as an anti<orgue system, o transiational thrust systams, a

)‘

pusher propefler, a rotor propalsion system, and the ke, The mamn rotor assembly 12
mncludes a plurality of rotor blade assemblies 22 mounted fo 8 votor hub 240 The wain rotor
assemidy 12 is driven sbouwt an axis of rotation A throush 3 mam gearbox (Hlusirated
schematically at T) by one or move epngings B, Although a particudar belicopter configuaation
s husteated and descnbed in the disclosed ewbodiaent, other configurations andfor
machines, such as high speed corapound rotary wing afrerafis with supplemental tanslational
thrast sydamy, dual contra-rotating, coaxwal rolor system awrcrafls, tilt-rotors and tit-wimg
airerafis, and fixed wing arerafis, will also benefit from embodiments of the invention.

{0629 Referring now to the exemplary rotor blade assembly 22 illustrated in FIG. 2,
a generally hollow, tubular spar 30 configured to couple to the rotor b 20 at an mboard end
32 extends over at least a portion of the length of the rotor blade assembly 22, In one
embodiment, the spar 30 may extend to the blade tip 24 of the rotor blade assembly 22, The
cross-section of the spar 30 nway vary in size and shape over the fength of the spar 30
depending on the contowr of the rotor blade assembly 22, The spar 30 is g sfructural member
having a high torsional and axial stiffness and sirength and, therefore, may be made from a
high strength matenal, imcluding but not limited to metal, graphite, hberglass or some
combination thereof, While shown with tip 24 having swept geometry, it is understood that
the tip 24 need not have a swept geometry in all embodiments of the mvention.

[0030] During manufacturing of a rotor blade assembly 22 having a blade spar 30
with a closed outhoard end 34, foreign objects can become deposited inside the spar 30. By
way of example, during drilling or machining of one or more holes in the blade spar 30,
metallic pieces of the spar 30 coald be deposited 1nside the spar 30 and need to be removed.
An assembly 40 confizured to prevent foreign object damage is positioned within the blade
spar 30 to remove such foreign objects according to aspects of the mvention. The shown
assembly 40 is removable with respect to the spar 30 and is removed from the spar 34 after
manulacture 18 completed, although the invention is pot mited thereto.

{0031] Referring now o FIGS, 3-8 the assembly 40 is illustrated in move detail. The
assembly 40 moludes a first hollow housing 42 having a shape similar to the cross-sectional
shape of the spar 30 at some position along s length. The fisst housing 42 may be formed

from a plastic material, such gs through an wnjection molding process for example; however
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other sutfable materials, such ax sieel or aluminuny for example, are within the scope of the
mvention.  In the dlustrated, now-limiting embodiment, the hoosing 42 1 formed by a
complementary first portion 44 and second portion 46 having a similar size and shape. The
first and second portion 44, 46 may mclude features, such as @ snap-fit conngction for
example, configured o selectively couple the fivst and second portion 44, 46 {0 ong another
to form the first housmyg 42. The first porbon 44 is solid, and the second portion 46 has a
cavity 47.

[3832] An miat port 48 is formed i a frst planar surface 30 of the fivst housing 42,
and extends through the first portion 44 fo a second, opposite planar sarface (not shown) of
the first portion 44 so as (o be open to the cavity 47. A plurality of small openings 52 is also
formed about the periphery of the first surface 3G of the housing 42, The openings 52 may be
equidistantly or variably spaced and may be substantially identical or variable in sive. In one
embodiment, a portion of the small openings 52, such as near the mlet port 48 for example,
has a larger diameter than the remainder of the plurality of small openings 32,

j0033] Avranged m contact with the second planar surface (not shown) of the first
housing 42 18 an intermediate layer 54 formed from a sponge-like material, such as rubber or
foam for example. As Hlustrated, the mtermedigie layer 54 has g shape simibay to the first
housing 42, However, the mtermediate layer 54 13 configured to expand when compressed,
as shown in FIG. 3, 30 as to conform with the periphery of the inlerior surface 36 (FIG. T of
the blade spar 30 and to close off the cavity 47, Wiule shown with the intermediate tayer 54
forming a botiom of the cavity 47, it is understood that in other aspects the cavity 47 could be
completely contained within the first housing 42 sach that the fluid does not pass from the
second portion 46 to the jntermediate taver 54, A second houstng 56 having a shape
substantially similar to the first housing 42 and the intermediate layer 54 is positioned
adiacent the intermediate layer 54, opposite the first housing 42, The second housing 56 is
generally formed from the same material as the first housing 42, and may be esther solid or
hollow.

08347 At least one fastener 60 extends through a through hole 62 formed in the first
housing 42, mtermediate fayer 34, and second housing 56 to affiy the components 42, 54, 56
1o one another. In the illustrated non-limiting embodiment, a first fastener 60 13 arranged
near a first side 41 of the assembly and a second, substantially identical fustener 60 is
arranged adjacent a second, opposite side 43 of the assembly 40. A conmpression fhstener 64
similarly extends through a through hole 66 arranged near the middle of the assembly 40

The compression fastener 64 may be substantially equal in length andfor diameter to the other

L
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o

astepers 60, or alternatively, mayv have a larger dimmeter and or length as shown, Wiile
thvee fasteners are shown by way of example, other numbers of fastepers can be wsed in other
aspects of the mvention.

[B035] A first nut 7O 15 coupled o fasteners 60, 64 adjacent the first planar surlace 30
of the frst housing 42. Simutlarly, a second nul 72 is coupled 1o the fasteners 648, 64 adjacent
the exposed planar surface 58 of the second housing 56. In the wHustrated, non-limiting
embodiment, a plurality of recesses 74 are formed in the exposed planar surface 38 adjacent
each of the through holes 62, 66. The recesses 74 are configured to receive the second nol 72
connected fo each fastener 60, 64 such that the muts 72 are substantially flush with the planar
surfuce 38 of the second housing 56, In another embodiment, the second nuts 72 may be
integrally formed with the second housing 56, such as by {ormuing threads in the portion of
the through holes 62, 66 extending there throagh. The fivst nut 70 and second mst 72 coupled
to the compression fastener 64 are ased fo increase and decrease the compression force
applied by the first and second housings 42, 36 on the intermediate laver 54, When the
compression force is increased, the intermediate layver 54 expands so that a cross-section of
the intermediate laver 54 is larger than a cross-section of the adjacent housings 42, 56,

[0036] Referring now fo FIGS. 6 and 7, during manufacture of a rotor blade assembly
22, the assembly 4 is postiioned within the spar 30 such that the first planar surface 5 of the
first housing 42 faces the open, inboard end 32 of the spar and the exposad planar swrface 38
of the second housing 56 faces the closed, outboard end 34 of the spar 30, In one
embodiment, the assembly 40 is positioned at a distance between gbout two feet and about
three feet from the inboard end 32 of the spar 30. When located at the desived position within
the spar 30, the first mat 70 coupled to the compression fastener 64 18 adjusted wntil the
mitermediate layer 54 forms a seal with the mtenior surface 36 of the spar 300 A pump
{illustrated schematically at P in FIG. 6), operably coupled o a fluid supply, such as air or
coolant for example, 1s connected to the inlet port 48, The fluad 1s configured to flow through
the infet port 48 into the cavity 47 of the first bousing 42, and out through the plurahity of
smail openings 52, While not required i all aspects, the fluid can pass partially through the
miermediate layer 54 5o as to clean or filter the flaid.

{(0037] The reverse flow from the assembly 40 {owards the open, inbosrd end 32 of
the spar 30 counters the flow of debris and particles inte the spar 30 wathout injecting Duid w
the space between the closed, owtboard end 34 of the spar 30 and the assembly 40. By
positionmg the assembly 40 between the closed end 34 and any intertor sourfaces 36 that are

critical to flight safety, the fhud is mjected via the mlet port 48 to pass through the fivst

&
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portton 44 of the housing 42 buto the cavity 47, The fluid s stored within the cavity 47, and
when sufficient pressure has bl up, the Tuid exits the assembly 440 from the cavity 47 via
the openings 32 in the first housing 42 back towards the open, mboard end 32 of the spar 30.
Since the assembly 40 is disposed between the closed end 34 and the surface 1o be protected
36, the fluid passes over the surface 36 such that swiace charactenistics of such oritical
surfaces 36 are protected from possible damage during the manufacturing process. In
addition, use of the assembly 40 during manufacture of the rotor blade assemiblies 22 greatly
reduces work costs and improves the manafactuning process.  Although the assembly 40 i
iltustrated and described herein within a blade spar 30, the assembly 40 may be positioned
within any object having a hollow interior, an open end, and a closed end. to prevent damage
during manufacture thereof, such as for cleaning gas and/or water pipelines, perform
plambing maintenance, or the like,

[00638] While the invention has been described n detatl in connection with only a
limited namber of embodiments, # should be readily understond that the invention is not
fimited to such disclosed embodiments. By way of example, the first housing 42 may be a
single piece as opposed to separate first and second portions 44, 46 as shown. Rather, the
ivention can be modified to incorporate any number of vanations, alterations, substitutions
or equivalent arrangements not heretofore described, but which are commensurate with the
spirit and scope of the invention. Additionally, while various embodiments of the mvention
have been described, # s 1o be understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the invention is not to be seen as hmited

by the loregoing description, but s only limnied by the scope of the appended claims.

~a}
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CLAIMS:
What i clamed i

1. An assembly configured o prevent danage to an object during manufacture of
the object, comprismg;

a first housing having a substantially hollow interior and an exposed first planar
surface, an inlet port bemg formed in the first planar surface, and a plurality of small
openings being formed about a periphery of the first planar surface, such that the inlet port,
the hollow mterior, and the plurality of small openings form a flow path for a Thad through
the assembly;

a second housing substantially similar in shape and size to the first housing, the
second housing having an exposed second planar surface;

an intermediate {aver arranged between the first housing and the second housing, a
cross-section of the intermediate taver being configured to change shape in response 0 a
compression force applied thereto by the first housing and the second housing to form 3 seal
separating an exterior portion of the object exposed to the plurality of small openings from an
mtenior surlace of the object.

2. The assembly gecording to claim 1, wherein the flow path is configured ©
counter a flow of debris into the intenior surface of the ohiect.

3. The assembly acvording to either claim lor 2, wherem the mlet pori is
connected 1o a pup operably coupled to a fhud supply.

4, The assembly according to claim 3, wherein the fluid supply includes one of
& or cootant.

5. The assenbly according 10 any of the preceding cloms, wherein the plurality
of small openings are equidistantly spaced about the periphery of the first planar surface.

6. The assembly according to any of the preceding claims, whereit a portion of
the pharality of small openings have a diameter larger than a remainder of the plurality of
small openings.

7. The assembly according to claim 6, wherein the portion of small openings

adjacent the inlet portion have a diameter larger than the remainder of the phaality of smali

openings.
¥. The assembly according 1o any of the preceding claims, further comprising at

feast one fastener extending through and bamng configured to alfix the first housing, the

miermediate fayer, and the second housing to one another.

o]
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4. The assembly according to any of the preceding cluims, further comprising a
compression fastener extending through the first housing, the intermediate laver, and the
second housing, & first nut coupled to the compression fustener being arranged adjacent the
first planar surface, and a second nut connected o the compression fastener being arranged
neay the second planar surface.

10, The assembly according to claim ¥, wherein the compression force applied to
the mtermediate laver by the first housing and the second housing is contradled by adyusting
one or the first nut and second mut.

L A method of cleaning a rotor blade spar, the method comprising:

ingerting an assembly arranged within an hollow interior of the spar, the assembly
having a {irst housing, a second housing, and an intermediate housing disposed between the
first and second housings;

forming a seal using the istermedinte housing so as 0 separate an open inferior
surface of the spar from 3 closed interior surface of the spar; and

generating a flow of fhuid into a cavity of the first housing and out of holes in the first
housing soch that the fHoid flows from the asserably toward the open intenor surface of the
spar without passing into the closed mterior surface of the spar.

12, The method according to clamm 11, wherein the assembly is inserted mio the
hoflow imterior of the spar such that the assembly 1s positionad between the closed interior
surface at an ouwthoard end of the spar and a eritical surface of the spar.

13, The method according fo claim 11, wherein the forming the seal includes
compressing the intermediate housing between the furst housing and the second housing.

14, The wethod according o claim 13, wherein the intermedinte housing i
compressed by tightening a nut attached to a compression fastener extending thwough the first
housing, the intermediate housing, and the second housing.

15, The method according to clamm 1, wherein the flow of fluid into the cavity s
generated by a pump operably coupled to a {hud sapply, the flaid supply being one or air or

conlant,
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