: 9 FEB 2004 STATOR ASSEMBLY FOR A ROTARY MACHI NE AND METHOD FOR MAKI NG THE
STATOR ASSEMBLY Technical Field This invention relates to a stator
structure of the 5 type used in rotary nmachi nes, and nore spec+9ﬁ£&ﬂm¥, to
structure within the conpression section to guide working medi um gases

t hrough the section. Background of the Invention 10 An axial flow rotary
machi ne, such as a gas turbine engine for an aircraft, has a conpression
section, sTATORTASHEMBLYS €GR 0, RETRRA MACHINE ARDt MERHOBN FORNMAKING ow

pat h for working nmedi um gases extends axially through the sections of the
engi ne. The gases are conpresdd STREMR A ¥ essi on section to raise

their t erdRgy pressure. Fuel is burned with the working medi um
gases iﬁggﬁthggngﬁsfion section to further increase the tenperature of

the hot, preshkhiszedvegatisn Théahes, twoekishg twedisdimuajayes off €hexpanded
t hrough the turbine section to Btoduce 20 t hrust andfhp [agl_energy as
: |

t
r ot abi onaYPSOPRER r b TREAL Y BASNIRRS 1 1Sk MORE SRER 5%ﬁ%%&ferred to the
conpr essdon, SEsLé ORi tRihatBE EBRApPEESIVNe sektlilbe itRcuite W@ASeishg The
conpression section and turbine section have a 25 rotor which extends
axi al | y nédinnghga ses ebyroeghThber sections di sposed about an axis of
rotation Ar. The rotor includes arrays of rotor blades which transfer
rotational work between the rotor and the hot working nedium gases. Each

rotorlﬂgg@kégguﬁa afrtakl 1heenthos purpose which 30 extends outwardly
across the working nediumflow path. The working nediun1q$ses_are directed

thrd@gh the ahmfaxial FThewarptarysmaghime. t giisibne sséctdasm WdEi R ener gy
fhon]theén¥9ﬁ§|9grngglHg}ggﬁ%%,aﬁgsdg'%%m&Q%sggkﬁq fctigh speeds

combustion section, and a turbine section. An annular flow
path for working medium gases extends axially through the
sections of the engine. The gases are compressed in the

15 compression section to raise their temperature and
pressure. Fuel is burned with the working medium gases in
the combustion section to further increase the temperature
of the hot, pressurized gases. The hot, working medium
gases are expanded through the turbine section to produce

20 thrust and to extract energy as rotational work from the
gases. The rotational work is transferred to the
compression section to raise the pressure of the incoming
gases.

The compression section and turbine section have a

25 rotor which extends axially through the engine. The rotor
is disposed about an axis of rotation Ar. The rotor
includes arrays of rotor blades which transfer rotational
work between the rotor and the hot working medium gases.
Each rotor blade has an airfcil for this purpose which

30 extends outwardly across the working medium flow path. The
working medium gases are directed through the airfoils.
The airfoils in the turbine section receive energy from the

working medium gases and drive the rotor at high speeds
1



1 -9 FEB 2 004 about an axis of rotation. The airfoils in the conpression
section transfer this energy to the working nedium gases to Eﬁ

gases as the airfoils are driven about the axis of rotation by'?@g i

5 The engi ne includes a stator disposed about the rotor. The stator has an
outer case and arrays of stator vanes which extend inwardly across the
wor ki ng nmedi um fl owpath. The stator extends circunferentially about the
wor ki ng aﬁ@@&uamfhmﬂspafhrboabmund tmbefhdwfpaﬂh iPhe st atamp s 4 ok udes
seal elenents for this Rése. An ex i nner_.shroud assenbly

aving SEFTLORT EFRRESFI Shaxt BRATAY COoknenBRBding QRO Rat red <

di Sposedcérﬁlgiéééytﬁﬁoassegosgt LRE 5UEYELHULE a8Rd GTURRYY bt arRd he vanes by
an i nner roud. The rubstrip is in close proximty to the rotor 15

structuraxis é6rnmohatean bMathblcoksrthe | eakage of working nedlun1gases
fromthe flowpath. The rubs o an

' h d
el astoneric ?%r?%ﬂ’n?héngﬁgéganﬁrPi ﬁgfeéﬁ%%%ﬁ%d é% g‘spos i uhcur ed

formon pne Bt atorangyabs SURREr bagur Eaaearﬁaytshefels&sawnewwe?@ mat eri al
cures, the material bonds to the netal surface. The uncured el astoneric

mat eri alwhichnextend iovardibancress &bsuhesking FRPATOIIkHPadht ai ner in
which it.Jis S osed a I material ma
T%%|§£ §0ﬁandFen8g ci ?hh%%¥enA§a§ng§%obt % %1eanup y

be diff € and often requires tensive after use.
Exanpl esmédisni tablepagndtdabeundt ehiealfdoopattde i Thehisifetiypass commerci a
jet engines_are injection nolded thernoplastic naterlalsaxgch have been

usedlOf oriegbvdes FAalvgheneRtsuderi fhdRi PUGROSE -vakd HTPIRVE pres¥lre

R T e M
seal member {rubstrip) which is disposed radially about '
rotating structure and supported from the vanes by an inner
shroud. The rubstrip is in close proximity to the rotor

15 structure to form a seal that blocks the leakage of working
medium gases from the flowpath. The rubstrip for such
shrouds may be formed of.an elastomeric material. The
elastomeric material may be disposed in uncured form on a
metal, arcuate support surface. As the elastomeric

20 material cures, the material bonds to the metal surface.
The uncured elastomeric material is in fluid form (that is,
assumes the shape of the container in which it is disposed)
and is sticky. As a result, the uncured material may be
difficult to handle and often requires extensive cleanup

25 after use.

Examples of suitable candidate materials for use in
high bypass commercial jet engines are injection molded
thermoplastic materials which have been used for example in
vane shrouds in exit guide vane and low-pressure compressor

30 stator assemblies for approximately twenty.years. Suitable
elastomeric materials include silicone rubber which also
has been in service during that period as an encapsulant to

provide vane attachment and for damping functions.
2



has been in service during that period as an encapsulant to provide vane
attachnent and for danping functions. 2 - 9 F E B 2004 However, a .silicone
rubber rubstrip supported by a substrate which is positioned by-g¢ghqm‘
vanes or other structure nust tolerate severe rubs fromrotating
structure. Such rubs may occur during normal operative 5 conditions or
abnormal operative conditions which mght occur such as after an inpact by
a foreign objééweagaln@tSlﬂh@o@ﬁgﬂm@beﬂu¥qhﬁﬁﬁhﬂ[ﬁqﬁﬁﬁr¥%¢é¢ﬁt% the severe

b, v L DgHL e SELaTLARLANG L 3 GANEH VS, (AUL)y AL YT NheL 0 the [l ow

pat h. ove "notwi thsta ntIsts an morklng under

the di rthtQﬁthreAfmlalth'tl@tL%ré&@ gsrmﬂma\telbssmxgm Hax atemed op bondi ng
systens for elastonerlc materials, such as silicone rubber, for rubstrips

used wit BETYEEBEL -vaSEEDF GUbShAaYoMGICaA] ST It Mymak QRREAYIVAchi nes 15
W Lh accephabled gvsg %xo e3P ldlelnt 1A% DRI L £ nﬁﬁlmry of

| nvention COI’ I nvention, a stator asse

formed obceupr ef;ehrrad elfltfeurrrfaar dniplaadt] Yo yext eﬁtd:lerlg;n ratbid et mg\dﬂlnﬁtl s bonded
to an inner shroud by directl i pg}yln adheS|ve and rimers between the
tr

shroud ahiiet BBI1pLaf o RED TNRS ust detRi | ed
enmbodi ne@ith&P@ 381 3H9na %@n'gSA% HReIRRI A Qfarm:[lﬁ:ré )alanci heov RSt rip is

pr ef or med | cone ru an epoxy resin priner is provided for
i nteractingowthk thewt batiopl astic material. In accordance with anot her
det aj | ed enbogh efl ec

men or.med,.rubstri.p dra Ly inwardly
dur " 50 nEn B PR b PRy PR BB i R R B
working under the direction of Applicants A531gnee have
sought to develop bonding systems for elastomeric
materials, such as silicone rubber, for rubstrips used with
stator vanes for the compresison section of rotary machines

15 with acceptable levels of durablllty and handling
dlfflculty

Summary of Invention
According to the present invention, a stator assembly
20 is formed of a preformed circumferentially extending
rubstrip which is bonded to an inner shroud by directly
applying adhesives and primers between the shroud and the
preformed rubstrip.
In accordance with one detailed embodiment, the shroud
25 1is a thermopliastic material, the rubstrip is preformed
silicone rubber and an epoxy resin primer is provided for
interacting with the thermoplastic material.
In accordance with another detailed embodiment, the
preformed rubstrip is deflected radially inwardly during
3¢ the method of making the assembly to cause the bond to
extend in a vertical or spanwise direction to increase the

shearing strength at the interface.



extend in a vertical or spanwi se direction to increase the shearing
strength at the interface. 3 - 9 FEB 2004 In accordance with one detail ed
enbodi nent, the inner shroud has a plurality of chanbers boundeyfthy 00he
rubstrip and sealed by the bonding material and the chanbers are in flow
comuni cation through one nore openings with a source 5 of pressurized gas
for testing the strength of the bond between the rubstrip and the inner
shroud. Accor ghngctertidgcer @3eht onevelRtiadn eda emichinchefrdr, tondinmen

prefornmed silicone rubber article to a_ thernoplastic sybstrate includes

appl yi ngshroegokgsr asPAurad iy pér ChEMPRE Ssipdidsce P dﬂﬁﬁ% with one
det ai | ed egbodi FER 0f +HaCHRLERG A RYEBY Ahd e MRHIL 1clemn app! Vi ng
a silicofie” Fubber primer to the“epoxy resin primer after curing the epoxy

resin prEmsw. cdhmbifiaatibganteovighh oaedeatoaiel egemibnar veirith & heowpeky resin
primer contains a solvent which chenically reacts mﬁép the t@ﬁénnplastic
mat erd al Of APPEF FHF} 2REa0ase TORe tEEELBS ity STTend s of TS Hed rubstrip

for a stg&ggegﬁsgggl¥ybé§?g S%Bye%%%rqnn%Qigﬁﬁ%dﬁﬁﬂor assenbly, such as an

I nner shroud asse bondi ng the preforned rubstrip to the
i nner shroudactordiagenbodhreepresend dnvend ions| wdewthiass fon  one
enbodi nent, a feature is a bonqgnateria for a,.prefqQrnmed silicone rubber

articl e BAAGANEhEr REFELITES 53 14GH5E &1 qﬂﬁ(ﬁ?ﬁﬁﬁﬁﬁléﬁiﬁpoxy resin and

sili Conetﬁepﬁﬁg;lasﬁi@r isAer rfatat Une 1efdddhe prttion iarclamstesy cresig t he epoxy
resin prinmer ich is applied to a thernoplastic substrate prior to adding
a | alfer pfimeri tondheulstidstyeiteer before bonding a silicone rubber article

to the SUbStrﬁﬁeaccordance with one detailed embodiment of the
present invention, the method includes applying a silicone’
rubber primer to the epoxy resin primer after curing the
epoxy resin primer.

15 In accordance with a detailed embodiment, the epoxy
resin primer contains a solvent which chemically reacts
with the thermoplastic material.

A primary feature the present invention is a
preformed rubstrip for a stator assembly. Another feature

20 is a stator assembly, such as an inner shroud assembly,
formed by bonding the preformed rubstrip to the inner
shroud. In one embodiment, the shroud includes ribs. In
one embodiment, a feature is a bond material for a
preformed silicone rubber article and a thermoplastic

25 substrate which includes epoxy resin and silicone rubber.
A primary feature of the method includes curing the epoXxy
resin primer which is applied to a thermoplastic substrate
prior to adding a layer of silicone rubber primer before
bonding a silicone rubber article to the substrate.

30 An advantage of the present invention is the ease of
making a shroud assembly by bonding a preformed elastomeric
rubstrip to a shroud which results from not applying an

uncured elastomeric material to the shroud. Another
' 4



30 An advantage of the present invention is the ease of nmaking a shroud
assenbly by bonding a prefornmed elastoneric rubstrip to a shroud which
results fromnot applying an wuncured elastoneric material to the _shroud.
Another 4 - 9 FEB 1004 advantage is the bond strength that exist$FbB{#éen a
preformed silicone rubber rubstrip and the supporting inner shroud forned
of thernoplastic material which results in part fromthe bonding materi al

and, in 986.RFRQEI TENkhel HBAED sthenkend thaterddls tax tdiden ket ween axial Iy
facing surfaces™ on the shroud and on the rubstrip. in one enbodi nent, an
advant agerée§orhedabiil:ityneo riudhgas rubstingd pndedthe HAFEHL 1 het Weld®r a
rubstrip and the shrqud by, pressuri zi.ng 1S ded he shroud and
seal ed b?hfﬂgdbgﬁﬁmﬁat8xiépgrfﬁp#ﬁgéﬁgrgég%ﬁg 1e5¥ﬁ?g£ andpg:vaﬁ?ages of

the pr ezﬁairt ER¥ANt henbwnlli nkeaatre rivne appparientorien dritgddindnt hefréwl | owi ng
detail ed description of the best node for carnyin%bfut t he invgntion and
accofpanyhegbandwhageriad pxitendpegcPieftiesh il orfAGME $15T29%Fs a

schemat | &, i e gheyahi QRAViANl 2uBtr b DIfRE AMidiB ol tigns of the
engi ne bfokén away to show the conpression section of the engine. Fig. 2
i s a sidgdebgrageotsvithw abid ifigr ticomonidetshe ucA0. wdpriesst ohedeedn shown

in Fig. 1 Fig. 3 is a perspect] vi ew of part_of the inner_ . s

assenbl yPBFWERB énEBHFﬁEﬁP ?W&ﬂ% Fns'ﬂiu%L Wﬁ%feqfqﬁféfgﬁﬂﬁ§&ﬁ$gyg
cross-seghinRak ¥yeWhkakeR cAlORGd SRR lddesy Ak Hordd Gratler21Fig. 5 is a
schematic cross-séctional view taken along the lines 5-5 of Fig. 3. Fig. 6

i s aloper spect The foewgofing ffieadurgs ansomstandiggss of the present
invention will become more apparent in light of the
following detailed description of the best mode for

carrying out the invention and accompanying drawings.

15 Brief Description of the Drawings
Fig. 1 is a schematic side elevation view of a gas
turbine engine with portions of the engine broken away to
show the compression section of the engine.
Fig. 2 is a side elevation view of a portion of the
20 compression section shown in Fig. 1
Fig. 3 is a perspective view of part of the inner
shroud assembly of the embodiment shown in Fig. 2.
Fig. 4 is a schematic cross-sectional view taken along
the lines 4-4 of Fig. 3.
25 Fig. 5 is a schematic cross-sectional view taken along
the lines 5-5 of Fig. 3.
Fig. 6 is a perspective view of a prior art
construction.
Fig. 7 is a cross-sectional schematic view of the
30 present invention at the location shown in Fig. 6.
Fig. 8 is a schematic cross-sectional view
illustrating a step in the method of forming the shroud

assembly.



Fig. 7 is a cross-sectional schematic view of the 30 present invention at
the location showmn in Fig. 6. Fig. 8 is a schematic cross-sectional view
illustrating a step in the nethod of formng the shroud assenti§FEB049 F
E B 2004 Fig. 9 is a schematic enlarged view of a portion of Fig. 8. Fig.
10 is a schematic view showing the relative [|ocation of :layers of
materials applied to the inner shroud 5 prior to steps shown in Fig. 8.
BEST MODE Fi gFig.i § assehechenatisi doleraest ivdrew oy ofper tFirmrgf 10
machi ne 10, such as a turbofan gas turbine engine. The engine is disposed
about anfi%r s®of symmetry A and has an axis of rotation Ar. The engi ne

includes a copppesspOls gegkhehatdc FieWThkhiion Sard i akdivand a turbine
section 16. An annular, primary flowpath 18 for worki ng nmedi um 15 gases

ext ends hacatlipnt bfolglyerise ofeoiitend adfs Eppldeg e the binmprissshTewpat h 20

Is oytward.of the primary flow pat.h. .The engine is partially broken away
to s OM/%ré?ﬁt%P ngpﬁnﬁxgwpoﬁgr%é@‘iﬁ'the conpressi on section 12. The

stator 22 includes an outer case 26 which extends 20 circunferentially
about the primary flowpath. The stator includes arrays of stator vanes, as
represented by the stator vane 28 and the stator vane 32 in the
conprességﬁT ﬁgg i on. Each stator vane has an airfoil, as represented by
the airfoil 34 and the airfoil 36. The airfoils extend 25 inwardly fromthe
out er case toFdigredt itshe Blcheneftiwor khinle etediamhgusaievasof e yakesYpass

t hrough the conpression. sectiqn _and the turbine section. FigThg IS an

enIaybedmgFHénglé@atﬁ&ﬁhvﬁéwaofU§ §ps turbine engine.

engine is disposed about an axis of symmetry A and has an
axis of rotation Ar. The engine includes a compression
section 12, a combustion section 14, and a turbine section
16. An annular, primary flowpath 18 for working medium

15 gases extends axially through the sections of the engine.
A by-pass flowpath 20 is outward of the primary flow path.

The engine is partially broken away to show a stator

22 and a rotor 24 in the compression section 12. The
stator 22 includes an outer case 26 which extends

20 circumferentially about the primary flowpath. The stator
includes arrays of stator vanes, as represented by the
stator vane 28 and the stator vane 32 in the compression
section. Each stator vane has an airfoil, as represented
by the aiffoil 34 and the airfoil 36. The airfoils extend

25 inwardly from the outer case to direct the flow of working
medium gases as the gases pass through the compression
section and the turbine section.

Fig. 2 is an enlarged side elevation view of a portion

of the engine shown in Fig. 1 which is partially in section

30 and broken away for clarity. As shown in Fig. 1 and Fig.
2, the rotor has arrays of rotor blades, as represented by
the rotor blade 38 and the rotor blade 42 in the

compression section 12. Each rotor blade has an airfoil,
6



of the engine shown in Fig. 1 which is partially in section 30 and broken
away for clarity. As showmn in Fig. 1 and Fig. 2, the rotor has atﬁﬁﬁﬁh@ﬁ

rotor bl ades, as represented by the rotor blade 38 and the rotor ﬁZ
i'n the conpression section 12. Each rotor blade has an airfoil, 6 - 9 FEB
2004 as represented by the airfoil 44 and the airfoil 46. The rotor bl ade
airfoils extend radially outwardly across the working nmediumflow path

into cl ose pepxesehyedi bly the adwrdodd 22, a&dﬁﬁ@&zaﬂnﬁaﬁkfﬁﬁfi?@e array of

stator vanes 28 ext endi_ng _r adi IIy i n I outer cas Each vane
28 is dispbsEdPaBHAt Eiéréagﬂnﬁ §é Rga %fh |rF'°a Sgsen‘g’l"% ly

radial digegth nmfyﬂﬁm\@ﬂgwhﬁ%tﬁ %?c% %&o%’édtp?ox\i%ﬁﬁ‘:yt ivpi 2. tidie vane tip

is an extensio the airfoil. 10 A plurali of airfoil sections are
di sposedstabodwegdely about the spanwi se axis As to define the contours of

the airfoil gagr OF]OHasgéncﬁgkgﬁigér%alr%n%t%Qo|m¥g|rgtfh nunber of two

or szre) The Pecti-6n a4 spanwi se direction

S that psevifdeing rehergnge idivaedliyoFsoml itespanwrseald ectEaxrh i sageneral |y
perpendi cular to the axis of rotation Ar. An inner shroud assenply 54

ext ends %ﬁrtanﬂéﬁéﬁﬁf‘dl la;»ouﬁb@utsptawwm #x3d Pst athiish @rxfsﬁ’fibﬁ%u%’wa? dly of
t he rot or%n% fl 1§1iir r@sﬁ%glbl y T%\eglq,%hl%e TGl c‘aurq] Enfdally

cont i nuod eren y segnment ed e inner roud asse Iy
i ncl udesvafei ﬂmpr 5shr omﬁeSGamd tapr dhstam exi®nsitre afubsie ipibBoik. f or med
of an elastoneric material 58, such as silicgne rub er ich | s bonded to

the 1nneh PIuFBdtYTRE PdbLeAilp F§t&P@F0@ﬁ€dqﬁﬂﬁﬂsq W13%ed 25 prior
to instaljahiopnys g%ﬂr skox Wi% ARd QUIRA); Y it@le thJntQﬁiﬂQ &fseﬁéed

adj acent to the i1 nn rou and bonded to

airfoil (as used herein, plurality means an indefinite
number of two or more). The airfoil has a chordwise
direction C and a spanwise direction S that provide

15 reference directions. The spanwise direction is generally
perpendicular to the axis of rotation Ar.

An inner shroud assembly 54 extends circumferentially

about the axis of rotation Ar and outwardly of the rotor.
The inner shroud assembly might be circumferentially

20 continuous or circumferentially segmented The inner shroud
assembly includes an inner shroud 56 and a rubstrip 58.
The rubstrip 58 is formed of an elastomeric material 58,
such as silicone rubber, which is bonded to the inner
shroud. The rubstrip is preformed (that is, fabricated

25 prior to installation by being formed and cured) prior to
being disposed adjacent to the inner shroud and bonded to
the shroud.

The inner shroud 56 is formed of a thermoplastic

material. The inner shroud has a pair of axially spaced

30 walls, as represented by the upstream wall 62 and the
downstream wall 64. One or more ribs 66 extend in a
generally radial direction and circumferentially for a

limited extent to engage the silicone rubber rubstrip. The
7



t he shroud. The inner shroud 56 is forned of a thernoplastic material. The
I.nner shroud has a pair of axially spaced 30 walls, as represented by the

upstreamwal | 62 and the downstreamwall 64. One or nore ribs 66 S{éiﬁgﬂln

a generally radial direction and circunferentially for a limté

to engage the silicone rubber rubstrip. The 7 - 9 F E B 2004 tip 52 of the

stator vane 28 extends radially through at |east part of the shroud to

support tife snnef ke ositlatJhevahanes shtendshasdopédyngbrbagheert the wall s,
as represented by the opening 68, each for receiving the tip of an 5
associ atle® st fant vahethanskraud ob@r FEPREEBr FAF LRBEISABRAY Y i s TS posed

bet ween , ?}-?I&Ekﬁj | r b hesvane teptlae oty
shroud. %ﬁ%%ﬁ/ I's” a 5&%%5@@??%%§€iga?%%g?hgﬂgnﬁ%r ghroud Sg sﬁbvﬁng t he
openi NngHyo&He ddenimmess sheack. fdherepenvigg the aip cfreonferential ly

spaced one fromthe other and extend in_a general axial direction. Each
openf ng ASSPoRAHRDY HHA LR %?F?oi$nsﬁ%$%ﬁoﬂgFFc7§§£¥ﬁéa;iHPSFI5@9&@ d wal

adapts jthey NeL $IHOUde LR ERECTYSe CARAG! OAB i AnBR! 8hirdldaRd bRmevi des
structure for joining the tip of the associated 15 stator vane to the inner
shroud. ths: sleoven ton theg. idnethehrobg. 66a, 66b and the walls 62, 64 extend

fromthe inner, shroud. The ribs and walls o] a.plural it f anbers 74
whi ch are bourded by* § h2 p%?%?%?ﬁé € rUbsYr? ég% ABESﬁ ﬁéF%u%GS%QS an

out war digh B dqci v c%'érfx.@ﬁ?s7§8V\Dﬁcﬁhéaﬂhﬁbi:YSbQuﬂds t ’BeOpeRiiGgsThe ribs
66 extend fromthe cap wall, termnating at a tip surface 82 of the rib.

As dPowmnlden gixpubfexenrtiabiyespened eadi &rPy £henPthercapdngrteny

Circunf%&F%ﬂégﬁé&gf?yeggiafdh§§gg£189?nﬁggﬁ'opening is bounded by
an airfoil shkaped wall 72. The airfoil shaped wall adapts
the inner shroud to receive elastomeric material and
provides structure for joining the tip of the associated

15 stator vane to the inner shroud.

As showr. in Fig. 4, the ribs 66a, 66b and the walls
62, 64 extend from the inner shroud. The ribs and walls
form a plurality of chambers 74 which are bounded by the
preformed rubstrip 58. A cap wall 76 has an cutwardly

20 facing surface 78 which radially bounds the opening. The
ribs 66 extend from the cap wall, terminating at a tip
surface 82 of the rib. As shown in Fig. 5, the ribs extend
radially from the cap wall and circumferentially between
adjacent openings.

25 Fig. 6 is an illustration of a prior art embodiment of
a shroud assembly 56p having a circumferentially extending
aluminum band 84 which is attached to the inner shroud S56ép.
The aluminum band provides a support for the rubstrip 58p
after the rubstrip is formed. The attachment of the

30 aluminum band to the inner shroud provided a bond joint
which might fail. The prior art method of forming the
prior art embodiment includes the steps of molding on cured

silicone rubker in place and thereafter curing the silicone
8



25 Fig. 6 is anillustration of a prior art enbodinent of a shroud
assenbly 56p having a circunferentially extending alum num band 84 which
is attached to the inner shroud 56p. The al um num band provi des aF u rt
for the rubstrip 58p after the rubstrip is forned. The at t achnmer® @fﬁﬁlﬁe
30 al um num band to the inner shroud provided a bond joint which m ght
fail. The prior art nethod of formng the prior art enbodi nent includes

t he stepsuBbe®DhditRg ieN .cumadrirgj [tHeone ifabhert ime phadeo Anflothengaf t er
curing the silicone 8 - 9 FEB 2004 rubber material. Duri ng the prior art
met hod otheorkisgrithe theblumy num danidi R i Fahdt e ReHee™ t FaT boPfom part

of a form.g ld far,t cur I wn) for
t he nol dag;?géﬁgg rglﬁ]qtdhef%%nhgehre s'%%é%?d ﬁ?;a[]g n:ljaﬁtlbeulfg%l \é\%jé%i Swn%?ie)%i éﬁglen
Vi scous EBbWni)S feirs posethall tdut el it cas thetimker shovad| owring f 1 ui d,

contacting the alum num band. The nethod was djifficult t carrg out
qui ckly BREVEEF; Eieadt Mptegdideiid 1N SARF JRE™ ngS thesPREedki? TREcous

si 11 conenpyber, o Wid dyat 0 diaoe Rl o i f e adesfgechBterial cured,

an adhesi ve bond forned - 'bet'ween 't he um num band and the rubstrip
mat eri al alutddinog &aprkef orMied matistid iyasvMdichficulottst¢akyy apdt whi ch i s

formed i ndependent of e .shraud praovides -handlin advant ages during
manuf actﬁ}’éfe?(&ﬁfd,angaﬁ &ﬁedbtcﬁs‘f’r lfcsﬁﬁcélaslll% ki) negﬁ?ltni/l% v%%ages during

oper ativetgenrdi,t WaREoMd [¥ia irddisd rybddiatf iwi Priopes | yabgadeédahetthe i nner
shroud.: A preformed silicone rubber rubstrip is necessarily cured prior
to i Hst afpamsonAsaddsr dat@sial cyreduan adhesive Penddferbeause it is

o el e A Wy A el s s o
rubstrip to Ulénignreprdfcuutkd Gubstppppadhidls i nse sl akipesnde
which is formed independent of the shroud provides handling
advantages during manufacture; and, can provide structural
15 integrity advantages during operative conditions with a
rubstrip that is properly bonded to the inner shroud. .

A preformed silicone rubber rubstrip is necessarily
cured prior to installation. Accordingly, it is much
easier to handle because it is not sticky. O©On the other

20 hand, a particular problem with using a nonsticky silicone
rubber rubstrip is reliably bonding {(sticking) the rubstrip
to the inner shroud. One approach is to use an adhesive
between the silicone rubber rubstrip and the inner shroud.
A problem with using an adhesive is the need to

25 nondestructively test the bond between the rubstrip and the
inner shroud both for strength and, along the walls, for
continuity.

Fig. 7 is a schematic representation of the structure
resulting when using an adhesive for forming strips of bond

30 material 86 which extend between the silicone rubber
rubstrip and the ribs and between silicon rubber rubstrip
and the sides 86, 88 (of walls 62, 64) of the shroud. As

shown, there are no natural mechanical features which
9



between the silicone rubber rubstrip and the inner shroud. A problemwth
usi ng an adhesive is the need to 25 nondestructively test the ngﬁ ngﬁeen
the rubstrip and the inner shroud both for strength and, al ong g

for continuity. Fig. 7 is a schematic representation of the structure
resul ting when using an adhesive for formng strips of bond 30 nmaterial 86
whi ch extend between the silicone rubber rubstrip and the ribs and between
silicon subher tHbSpreforaed wNestirdes t36.th88 stafoubldthd?, tléeh) oifet he
shroud. As shown, there are no natural nechanical features which 9 - 9 FEB
2004 at themdt heYBF ebPatnegnr tbst Fiup st iph@nshided iawiesy ﬁhﬁﬁﬁ"ﬂhe bond | ayer
bet ween the rups ag I gne hr, e shroud
assenbly 54 Hgg %ééﬁn Qﬂ %?Sedafokg%ab$%%Ud?§F%%§&g'r non estrd% ively
testing madiheedi ﬂbshﬁdbcenst € hiodn foTheondket rajutdud 156 tast g openi ng 94
whi ch extends_ through the inner shroud, such as through the downstream

wal | 564, thgef b%éﬁhﬁa EPREEZUChd ONax TBE dNNGE Sk caxt &fg Nas falbw

communi oL o1k, § & QUA; LRE o PREAENG nYickn! #.l NIGOTe NAIDE s f4. o £ach of

the 10 chanber 'i'n ow conmuni cation an e to the
exten(Ntmwb@@bnthgsdeﬂastQébm Whade 64qpemhregopeay rex trdncté s e | nner end
of the ribs as shown near .t he out er nost portlon of th ribs., in sone
construd?*%ﬁ%lofh%foﬁpérﬁh§Pu€oFP|Sﬂoﬁi§WPmH€1§P§Fé¥} ke this

spaces the. openi R9chr efk! BRcRAGNGnIRLEY 3l4a .86 £allf dJHO%”HeDQS and the
connected chanber construction permts testing for bonding by flow ng a

gas,l0sucthambears 76b.nﬁﬂcogenlluhedl1mhélDWt@pmmunmaﬁﬁwnﬁzﬁqﬁedeternmned

| evel of ressu Ther eaf ter the | engt f t| a the 20 chanber hol ds
| DeC o ouEReR S pRRCERRELThr Byt BBendRgkh 0% 1B 2 Uik

openings may extend in the inner end of the ribs as shown,
or, near the outermost portion of the ribs. In some
constructions, the outermost portion might be preferred
15 because this spaces the opening from the bonding material
86. The openings and the connected chamber constructiaon
permits testing for bonding by flowing a gas, such as air
or nitrogen, until the interior reaches a predetermined
level of pressure. Thereafter, a the length of time a the
20 chamber holds its pressure provides a measure of bonding
material continuity and the strength of the bond. This
ensures that an adeguate bond exists between the premolded
silicone rubber rubstrip and the ribs and between the
upstream and downstream walls of the shroud. If the bond
25 is insufficient or discontinuous, gases will leak and the
structure may be modified to an acceptable condition.
Fig. 8 shows one of the steps in the method of bonding
the preformed silicone rubber rubstrips 58 to the ribs 66
and to the sides 88, 92 of on the downstream wall 62 and
30 the downstream wall 64 of the shroud. A force is applied,
preferably distributed over the surface, against the
rubstrip 58. The rubstrip is pressed down, onto and

against the ribs 66 of the shroud such that the preformed
10



material continuity and the strength of the bond. This ensures that an
adequat e bond exists between the prenolded silicone rubber rquﬁF%E nd
the ribs and between the upstream and downstreamwalls of the C I f
the bond 25 is insufficient or discontinuous, gases will leak and the
structure may be nodified to an acceptable condition. Fig. 8 shows one of
the steps in the nethod of bonding the prefornmed silicone rubber rubstrips

58 to the,pbBs RBtedndilt @xithedy desycdB t32 ofipprsumiacswng? refinthel | 62 and
30 the downstreamwall 64 of the shroud. A force is applied, preferably
di stri butébsobér ande bstivesde addgaiendt HRE- rubstrip 58. The rubstrip is

pressed down, ogt Eé%n%(%) aiy stFitghe dJ inFGGCicH dyer A ogrel sSEchnghatnt he

preformed 10 - r ubber “ratér ext'ends beyond the tip surfaces
82 of thee ebkge8ponidnatywespeadjsadentextidrs] iApvasitblth imtEigneg, the tip

surface 82 of the rib 66 correspondi y ears. t nd inwardly into
the 5 rub¥bstEips S8thdhs ﬁlﬁjﬁﬁ’ﬁ@c@z%t‘e@h Ogsaﬁa%]:egﬁni nst al | ed

| ocati on,,af 1the 15 W aGR a@fi dr@ £ WS Idur Fscd tof rasd Srumsthiprab ptior to
i nstal | aton (shown by the phantomline L). The rib indents the surface of

the pretestsdonulidter inib Boridimd ardtrartiadl &el @xt BT B¥r&Pfy 10 and in a
general Iy _radi al .direction,.formnn i f.popdiLng material 86
BRREoh o 1P A Agserel onte oot hCT B and.

bet ween al | fracl ng por and the rubstrip.

Thi s Vef%:&%%brm&dmﬁegﬂn fRQunTt rgU afk tSé f DD 6 | ex sdreds 1 Aharahéybond
between the inner shroud and rubstrip that results from attaching

t he Mubsendp ino a leenengld Fﬁ‘cﬁicﬁlngjjtﬁﬁft%ﬁfféb@“ﬁgt%evégﬁi‘g% ot her
ir2‘3’?;2L%}%&%&E%ﬁ%ﬁnﬁcﬁiﬁ%gt{atéﬂ%fm@%tv@& gkt Soft elbeaRikCly |
facing portions of the rib and the rubstrip. This vertical
bond has been found much stronger in shear than the bond
between the inner shroud and rubstrip that results from

15 just attaching the rubstrip to the inwardly facing tip
surface of the rib and other inwardly facing surfaces of
the shroud.

Fig. 10 is a schematic representation showing the
relationship of layers of material used for the bond.

20 During fabrication, the outermost material is the
thermoplastic material of the inner shroud 56. A layer of
epoxy resin primer 96 is applied. The epoxy resin primer
includes epoxy resin dissolved in a solvent as will be
discussed below. The epoxy resin primer is cured and the

25 solvent evaporates leaving behind a surface which is
prepared to bond to a silicone rubber primer ag.

Thereafter a silicone rubber primer 98 is applied.
The silicone rubber primer bonds well to the epoxy resin
primer 96 fcr reasons not fully understood. It is believed

30 the epoxy resin primer and its solvent, when applied to the
shroud, modifies the inert chemistry of the thermoplastic,
and causes it to behave as a reactive thermoset. A silicon

rubber adhesive 102, such as an adhesive in paste form, is
11



relationship of |layers of material used for the bond. 20 During
fabrication, the outernost material is the thernoplastic naterial,pi £ 12004
i nner shroud 56. A layer of epoxy resin priner 96 is applied. The 0
resin prinmer includes epoxy resin dissolved in a solvent as will be
di scussed bel ow. The epoxy resin priner is cured and the 25 sol vent
evaporates | eaving behind a surface which is prepared to bond to a
siIiconediabbsedpdhﬂﬂuﬁnibeEﬂﬁﬂnxﬁhenpzﬁm@ld®®nsilhb@ee pubher 98 is
rimer nds well to the epox pri ner

lied | bb
o0t o EABEHE IR BRIt SN DGE 16 PRy | Loeth BBLTAL EBtxy rbsin
priner aggihtsneokVeMer \fﬁ%@@plm@ 410 {dshShr@siser n@&h&fﬁethg i nert

chem stry of the thernoplastic, and causes it to behave as a reactive
t her rmseappAlgdl itooher pHdraimsithe TR RUbELS BOX datRding Fhepast e

form |s sf'rr?lBF%B 2t lqms ossq]dr?da%ur,fhj{)setrx@%&tgg c%gg%ﬁed silicone

r ubbet and 1 e mxture e ‘epoxy resin priner silicone

r ubber papfmymaheh% lpasanre diddierl pdhesiive mixtappl o dpt dméhe shdt ure of
the two Erlners for bonding the 5 rubstrip to the inner shroud, Th|s m ght

be done BYyenapprlviga ﬁéleparé{kesfeﬁlrl%&ﬁfy o %WHWUF%EOP%F%EPS 5Rd then
apptYi NOrhBS LEYRS LA tifn Up G hd NRuPAS £ 100 L f1ke IHRaLTIP and then

applying the rubstrip to the | nner event, the rubstrip
I s presssirpnto 10npl=adéeyy ewdror,cetlexarilesk oip the zsm:‘saeé bfxtohe rubstrip

h Fi 8., As stat h t tati f
The Thyoptadenkd; o) fanne el (dh 1o f A L oy e cT RS hEg o8 much

snmal | er thatnt e IFayerg.shown in Fig. 10. These 15 layers, particularly the

| ayer of epoxy resin priner, may be difficult to detect in the finished
product. In mdst stated, F1g 10 is a schematic representation of

the layers. The relative size of the layers of epoxy resin
may be much smaller than the layers shown in Fig. 10. These

15 layers, particularly the layer of epoxy resin primer, may
be difficult to detect in the finished product. In most
products, the layer of epoxy resin primer may be detected
by sophisticated techniques, such as photoelectron
microscopic technigques, which detect the elemental

20 materials that are present. It is possible that in some
products the schematically shown separate layers of epoxy
resin primer and silicone rubber primer (or the layer of
the mixture of epoxy resin primer and silicone rubber
primer which results) may not be detectable. However, the

25 product will exhibit enhanced tensile bond strength.

Experience has shown that the bonding material 86 that

is formed provides a much improved bond over the bond which
occurs without an epoxy resin primer. Typical tensile
tests of constructions not using the epoxy resin primer

30 show limited bond strengths and primarily adhesive bond
failure of the adhesive to the thermoplastic material.

With addition of the epoxy resin primer, the same tests

12



products, the | ayer of epoxy resin priner may be detected by sophisticated
techni ques, such as photoel ectron mcroscopic techni ques, which cd &y he
el enental 20 materials that are present. It is possible that in sone
products the schematically shown separate | ayers of epoxy resin primer and
silicone rubber priner (or the layer of the m xture of epoxy resin priner
and silicone rubber prinmer which results) may not be detectable. However,
the 25 piwduet stirkhgékhiibipromemended ft dndiaee tsorfPuk redighH. Wi Bxperi ence
has shown that the bondi ng nateri al t IS, .f vi des a nuch

i rrproved“BBﬁgyof?BP H«?%ﬁﬁgldp\ﬂﬁc t c‘):%(%t?rsg%tv‘\:’n t%&ultqfagﬁq%%%éiy resin primer.
Typi cal tensi gQampgsts of constructions not using the epoxy resin prinmer 30
show limted bond strengths and primarily adhesive bond _failure of the

adhesi ve to tHbet Aedroplast detrdtled Methofy tesadfiad drP of°¥he epoxy resin
primnes, %F.ﬁgéi‘vﬁmgptﬁgs’iﬁ %%el ﬁrgEeE%h% 4 Y8 A Strengld fIPIQvERgnisof twice

to four a “near e hundred percent cohesive failure node.
Exanpl e ofBedbekloeidngxdeairdid ed meirhgd ngaouisdrhe odtdrod Stenfodh nent s of

the type shown in Fig. 2. The follow ng is or&e detajl ed exangl eiff
car ryi ngeBhedinenteefodheo WHemshevie o ditfent® " S0 5h n Fig. 2
and does,pat JLLh ;e iRaceRg digd Qaur &t rfddd BEPSe PESENHE
performaaﬂgf g%bg}eplggn?tlﬁfgtions whi ch bond aét}%ernopl a_stﬁcs;esubstrate 10 to
an el ast 6oer ad lprehstred tiemsewhilah tvirg exdhsmonlastignerbskhFete 56 is

| el thie. Fa: 8P & SEESIE R FAERTIRE SRPHtr-am Ty LU [SHTE T ont tneral -
El ectri cinnbkt eMrBueded § SOreirmedPidtt & itledmdpassachusedteriahe EC 15 1000
or EF-1D00 famlies from LNP Corp., WMalvern, ) .
Satisfactory materials for the shroud include material from
the Ultem material family available from General Electric,
Ultem Products Oper., Pittsfield, Massachusetts, the EC-
15 1000 or EF-1000 families from LNP Corp., Malvern,
Pennsylvania, or the RTP-2000 family from RTP Corp.,
Winona, Minnesota. The materials have inert polymer
molecular chains which do not easily bond to silicone
rubbers. This is in part because the ends of the plastic
20 molecules are not strong reaction sites and as a result are
difficult to bond to a material.

The thermoplastic material, such as Ultem material, is
modified prior to bonding with the silicone rubber
rubstrip. This was done by applying an epoxy resin primer

25 containing a solvent. The specific steps included light
grit blasting the surface; cleaning the surface with
alcohol; and, applying an epoxy resin primer with a
thickness that is less than about one mil (0.001 inches}.
One class of epoxy resin primers found satisfactory is the

30 class of epoxy resins that have glycidyl ether structures
in the terminal positions, and which have many hydroxyl

groups and cure readily with amines. Epoxy resin primers

believed satisfactory include Epoxy resin primer BR-154
13



Pennsyl vania, or the RTP-2000 famly from RTP Corp., Wnona, M nnesota.

The materials have inert polymer nolecular chains which do not eaSFER 28%nd
to silicone rubbers. This is in part because the ends of the plastic 20
mol ecul es are not strong reaction sites and as a result are difficult to
bond to a material. The thernoplastic material, such as Utemmaterial, is
nodi fied prior to bonding wwth the silicone rubber rubstrip. This was done
by appl yfﬂ@na@yeeaxgngesiererymdi Mart e25 adent daningy C@ sﬁjfla@wt MBrheOEp‘e%Tf ic

st eps |ncluded i rit blasting the surf anln face W th
al cohol ; 9af4d, OépE?‘yPnB%gn féﬁ&k?ﬁﬁ‘&% pr?&r‘ﬂvi'n gQ< REEE: at is |ess

ness

t han abog tPEBuF? (:QIQQ;I:,rhqghes) One cI ass of epoxy resin pri rrers f ound
satisfactory 1s the 30 class of epoxy resins that have gyg/CldyI et her

structures i 'inhehepbeymrleallnpmﬁ idadsit eghav il ¢h SrvEeTHanyE R dr oxyl  groups

and cure read pPOX I n | sfactory
i ncl dde %6’@ E‘Fﬁhdr FﬂirﬁBI!ie% ?&JE% %%}% lr)%{nél 35;{ ngﬁ]eer ed
Mat eri al gye HaybRydeeSiACRriMer %&ﬂh&%ﬁn%ﬁ%%dmﬁn@eaf ethe

Cor por at 1 on, sol Division, Pittsburg, California. The epoxy resin was

di | ut ed e\Ptharsannemrlmm'r t5> é)k@ﬁll‘@fﬁﬂﬁhﬁ%Wliﬂ(é{%e( , such that

the m xtur e q@% Ess%ﬁle&; & dedh pondi ng of the
epoxy rei?gv PE rﬁ’a"?’% %%ﬁ’é erm)p astlc ,{f} s% | vent g/hen conbi ned
wi th t hepepryyesebonddhemieahesn phemdies handin thet wedms thatei xt ure and

the substrate. 10 Although the bonding nechanismjs not well (?mde stood, it

is bW i e%éHhPHQhNERQSS’W’&%tngalnﬁschaﬁW a3 P t"éﬁ:]k]l HP¢ES L8 ectife ends,
and all oyg ple; ERRKY hEShbx Qd1GAAH Wildh an UEAPR) a4 sckPhgrtRk. The MEK

evaporates and I's bel
molecule ends, and allows the epoxy resin to react with a

thermoplastic material. The MEK evaporates and is believed
no longer part of the process. The mechanism is not

15 complete until the epoxy resin primer is cured. The epoxy
resin primer is approkimately at least eighty (80)percent
MEK solvent (by weight) and in one embodiment was about
ninety (90) percent MEK solvent. Other candidate solvents
include types such as ketones and partially chlorinated

20 hydrocarbon. Rlcohol may possibly be effective but has not
been tested.

The thermoplastic shroud with the epoxy resin primer
was then cured in an oven at three hundred fifty (350)
degrees Fahrenheit for one hour. The cured epoxy resin

25 primer layer was now an active surface for bonding.

The silicone rubber primer was then applied and
chemically reacted with the epoxy resin primer.
Satisfactory materials for the silicone rubber primers, for
example, are DC-1200 Red or Clear from Dow Corning,

30 Midland, Michigan, or Visilox V-06 Red or Clear from Rhone-
Poulenc, Troy, New York. The silicone rubber primer is set

by air drying at room temperature for two hours in an

14



no | onger part of the process. The nechanismis not 15 conpletenzf%il t he
epoxy resin primer is cured. The epoxy resin priner is approxim

| east eighty (BO percent MK solvent (by weight) and in one enbodi ment was
about ninety (90) percent MEK solvent. O her candidate solvents include
types such as ketones and partially chlorinated 20 hydrocarbon. Al cohol may
possibly be effective but has not been tested. The thernoplastic shroud

Wi th the.5PO¥¥nhesia 1R, Pt read edhen 1Gwed idl eam quwn atof hriee hundr ed
fifty (350) degrees Fahrenheit for one hour. The cured epoxy resin 25

primer |dgethwa$ tbe an active surface for bonding. The silicone rubber

primer was th R che L a POXYnd €Si n
primer. Sati SgP‘ﬁ t"gf’ifrnﬁ?’é‘f)l g v3 o%% ﬁ% t%] %eg%el\%eb%b émspl(re'li mers. for
exanpl e, rgbBe PCar dR@E iked igr palsear fioramalawrCahe regpox30 W =il ancke d Mimdi gan,
or Visilox V-06 Red or C ear from Rhone- Poul enc Troy, New %k The

si | i donethabbél igphfer ubbedePT IR Iaia sSfitng Jhe sk YHers iR e for two
hours inoan: 14,5nd FER 2304 sepuliongentctld s oonidrid Latbisdd i e@pesekepn room
F Fi ﬁ’e h shrou

o the &&3 e I nn was ready to receive the silicone
rubber aghasiue ichepastienfedmtal trére ttd epouctve qaff dhanhnérthe silicone

rubber primer was set. The silicone rub st e .adhe a led to
the sili&BReURubBatisfEcdoryp ma g:ﬁdfl\ﬁ(}sst ernp%l 131 Ctosmf ﬁ;eé(?lé% EQ?J?ucture of
the innegyngliodd su3h %fsaﬂft-fsrm rﬁbﬂ{la@b’iﬂﬁéﬂcdﬂﬁ:tﬁﬁxm%m&e are

adhesi ves such as V-612 from Rhodi a Corpotation(Rhone 10 Poul enc), Troy,

New Mor kPonl@hen rm§'|rIDY40(DEBV~f HomkFiar Thesmicsll 4R HeemerEMBonnect i cut .
Exanpl es ol other i erialg thA Al {8, VISAMA & S Frderial s such as

materials that are less viscous are materials such as
Silastic J from Dow Corning, Midland, Michigan; Dapcocast
37 from D Aircraft Products, Anaheim, California; and RTV

15 630 and RTV 668 from the General Electric Co., Waterford,
New York. Materials for the silicone rubber molded
rubstrip are Visilox V-622 from Rhodia (Rhone Poulenc),
Troy, New York or Dow Corning 3-6891 from Dow Corning,
Auburn, Michigan . The silicone rubber rub strip and the

20 rib structure of the inner shroud are clamped with pressure
applied against the flat seal surface as shown and Fig. 8.
The pressure on thé rubstrip and adhesive paste creates “T”
shaped joints as shown in Fig. 9. The silicone rubber
adhesive paste may be trapped between the rubstrip and the

25 tip surface of the rib which causes bonding at that
location. Alternatively, the pressure may force the
adhesive paste from this location. In either event, the
adhesive forms fillets (that is, thin strips of bond
material) or beads of bond material 86 at the crotches.

30 The vertical side of the fillet bond material offers the
most resistance during peel loading such as might occur as
a portion of fhe rotor structure rubs against the rubstrip.

The bond material engaging the vertical surface provides
15



Silastic J from Dow Corning, Mdland, M chigan; Dapcocast 37 fromD
Aircraft Products, Anaheim California;, and RTV 15 630 and RTV 668 from
the General Electric Co., Waterford, New York. Materials for tlg ﬁ' Immone
rubber nolded rubstrip are Visilox V-622 from Rhodi a (Rhone Poul enc?,

Troy, New York or Dow Corning 3-6891 from Dow Corning, Auburn, Mchigan .
The silicone rubber rub strip and the 20 rib structure of the inner shroud

are cl anpeglawihBapr essungthapp! tae agaraturd)e Whiah sealtisarkaegetas shown
and Fig.”8. The pressure on the rubstrip and adhesive paste creates "T"

shaped joiod sbasdshbumngthFpyerganthabsivie dhed Mibisdr OGNS Y2 paste may
be trapp et we he ru ri n tip surface of the rib which
el T ST Lekaf ehPadh: PR deplR LR

causes tion. ternatively, the pressure may force the
adhesi ve pastpeftenvkbiespketalrined. olfn teiet samee\eatiad inten t dhiesth vand or s
fillets (that is, thin strips of bond material) or beads of bond materi al
86 at’ t Héltheekhthe SDOXNeIGEAD| PALISIde JP & e HGI4%tS material offers

the = mosi ieshehance dunng aacled Qg SUTi)a%dd Ul ALAYrcas s Bepor tion

of ther ructure rubs agai nst the rubstrip. The bond materi al
engagi ngshdéer vetkeaghhsuithoatptie dgoxyl FeQinFER 2002 good Shear strength

to the structure, which i,s the k to ood bond strength,ove bove
that whiRereEedr 4289) Psit !"tl&?‘f @% B & Yot Pg‘é&“r?eﬁ*?yh”ﬁ%sf%%‘%?%

perforngg,@f §Bheispne tanRodnErRhSWwEd pranthril yMddrus i vdief epbuyer esi n
prinmer. These tests showed approximately one hundred twenty (120) psi

overloap wiehkohb thg&POﬁwréﬁ@ﬁW\mﬂﬂﬂﬁH:tﬁﬁﬂeﬂﬁﬁﬁﬂﬁﬁﬁﬁY1%ﬁ?%ﬁ%?eand five
P e R Bl BT ERY Al B TS LR O st
primer, and ceAphet ehy tohdsSivprovement demonstrations utilized the
materials referenced above, the mechanism for this
improvement should be similar for any epoxy based primer
15 dispersed in an organic solvent, when applied to any
thermoplastic. Accordingly, this procedure provides for a
low-cost method of constructing bonds between silicone
rubber components, such as sealants or adhesives, and
thermoplastic components.
20 Although the invention has been shown and described
with respect to detailed embodiments thereof, it should be
understood by those of ordinary skill in the art that
various changes in form in detail thereof may be made
without departing from the spirit and scope of the claimed

25 invention.
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failure with the epoxy resin primer. Wile the bond inprovenent
denonstrations utilized the materials referenced above, the necha§ Bp
this inprovenent should be simlar for any epoxy based priner 15 dispersed
in an organic solvent, when applied to any thernoplastic. Accordingly,
this procedure provides for a |owcost nmethod of constructing bonds

bet ween silicone rubber conmponents, such as seal ants or adhesives, and

t her nopl stcilc conmponents. 20 Al t hough the invention has been shown and
descri béd SWth't espect to detail ed enbodi nents thereof, it should be
under st god bya tdase ©fa Dsstiby yfskid | rdtmtshensarhinddtavivay i ausaxcimnges in
formin detail thereof may be nmade w thout departing fromthe spirit and
scope ofd taie d1ayHad 2 2BLYFRehtY onf A LoD FEE DEOHSAC TR TRV ALY st at or

assenbl yagxqgssgxa{gryn I]yniﬂ?qpé@%frpaﬂ&gpﬁh’am&dﬁ aghhavdng a plurality of

stator vanes g Tnwardly across ‘a working medi um flowpath, which
conprises: aran niteteshstotsud of oededfofa aratagre ral a Whitehcle e taisds 5
circunferentially with respect to the axis A and aquted to be

. Cch i
at t adhe i HRT ¢ eas 13 Wby of 1 i TP ST ort° Ve 2% 1h (s:am%fi@h%vijnsg an
upst rea@d’%éﬁ’”ﬂﬁfhf@@@&'@h&ar@émé@rf‘éﬁsi@!d»yo 4o Hdtor 10 a
downst r eam™wa iC

extends circunferentially and radially and which is
spaced axdradd)y ftheonshimad upstimam wal |l | eaving a cavity therebetween, and

xtends. ci rount or G 1501 GESHB PAEL Ok A 197 ST B e SpRLet Hbm t he
wal I's | eavi ngy @y radially,

10 a downstream wall which extends circumferentially
and radially and which is spaced axially from the
upstream wall leaving a cavity therebetween, and

at least one rib having an upstream side and a
downstream side which extends circumferentially and

15 radially and which is spaced from the walls leaving a
chamber between the rib and the upstream wall and
between the rib and the downstream wall;

a preformed, circumferentially extending rubstrip
which is formed of a cured elastomeric material, which

20 extends to bcund said chamber and which is adapted to be
bonded to the shroud by bond material;

an elastomeric bond material which extends from the
shroud to the preformed rubstrip to bond the preformed
rubstrip to the shroud;

25 wherein the kond material extends as a strip of material
from at least one of said sides of the rib to the
elastomeric rubstrip and wherein the bond material extends
about at least a portion of the periphery of the rubstrip
and between the rubstrip and shroud.

2. The stator assembly of claim 1 wherein the bond

material forms a seal between the rubstrip and the shroud
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chanber between the rib and the upstreamwall and between the rib and the
downstreamwal | ; a preforned, circunferentially extending rubstr8pEB20ch
is formed of a cured elastoneric material, which 20 extends to bound said
chanber and which is adapted to be bonded to the shroud by bond materi al;
an el astomeric bond material which extends fromthe shroud to the
preformed rubstrip to bond the preforned rubstrip to the shroud; 25

wherein the bond materjal extends.as a strip of material fromat |east.
one of:ﬁﬂkF%iH%sc%ﬁc?L% P bbf8c§h%g g?%s{%gﬁ?g% Fubsttip %%% wherein the
bond matgyd.al; extendsnrahQuhadt at easisa §9stHeen Dhg tiei Gerpphesy of the
rubstrip and between the rubstrip and shroud. 2. The stator assenbly of

cl ai fn 1 titeerieitre t her bondf 1ot epiaiinf o2 ko Wbl bee wereke ¥ her rebsthep and
the shroyd 17 - 9

FEB. 2004 .whjch_js capabl e_of bl ocking_ the.l eakage of
gases arfd'IWErERR %%%cgh?gﬁakﬂaghﬁtsfgggf %ﬁ%e%% i hY ¥ ?% veglaces 5 the
Interion, idy §| 00 SOMIYUBESaELPNL WL Ing henexs er &gt R ot Nene Shewad and whi ch
adapts the stator assenbly to receive pressurized cases for testing the

st r engt Ibeofwadre Bomdshbetdeandt hkeshyebsitrapd t he rubstrip. 3. The stator
assenbl y, as ained in claiml.wherein th e d, r | p is.defl ected
radial | y 9 nt gllrfehesE% %e?ssﬁrgéﬁge%s b(f/ﬂ'f1 mgd'glrl é%ﬂ@ 1 M?éﬁir?_tﬁe

e'ri during tnstallTation of the

rubstri gyderodhied Shaoyer spchst hatlacpedt taai @11y hentobshe i phatiséace
extends radially to face a radially extending portion of the rib and
wher ei n idinag dseynehecrbbnduraber iastaktahden pHITAT | JURREI BRI 5Py bet ween

the rib and 10e, PAelLAPenatURSEELRibR bACERBSEDLE: ok RGeSt rength at
the int ?agé.

5 extends radially to face a radially extending portion of
the rib and wherein the elastomeric bond material extends
radially and axially between the rib and the preformed
rubstrip to increase the shearing strength at the
interface.

4, The stator assembly as claimed in claim 3 wherein the
elastomeric bond material extends radially and axially
between the radially facing surfaces of the rib and the
preformed rubstrip.

5. The stator assembly as claimed in claim 1 wherein the
preformed rubstrip is silicone rubber, wherein the shroud
is formed of a thermoplastic material, and wherein the bond
material is formed of material resulting from the mixture

5 of an epoxy resin primer applied to the shroud, a silicone
rubber primer applied to the epoxy resin primer, and a
silicone rubber adhesive applied to the silicone rubber
rubstrip.

6. The stator assembly as claimed in claim 1 wherein the
bond material contains epoxy resin primer and silicone
rubber.

7. The stator assembly as claimed in claim 1 wherein the

stator assembly includes at least two chambers disposed in
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4. The stator assenbly as clainmed in claim3 wherein the elastoneric bond
material extends radially and axially between the radially facin%' rfaces
of the rib and the preformed rubstrip. 5. The stator assenbly as Jﬁé

in claiml wherein the prefornmed rubstrip is silicone rubber, wherein the
shroud is forned of a thernoplastic material, and wherein the bond
material is formed of material resulting fromthe mxture of an epoxy

resin priereaRald esh 4 04 lieasnchnd Sibicons afubhes.ori resiappl ied to

t he epoxy resin priner, and | i cone rubber adhesive applied to the
si |l i conehanirars axdsimi HLob. cd’rtuwrsltaabxoras’fs?en@ihg/h ast cledsedod®d claim 1

wher |n t he  bond naterlal contains.epoxy resin prinmer,and silicone
rubber . OPENfg s"{Ja*i}E)r ]&%s%%ﬁll%ﬁ &k ‘Pl?w%ds?%t%ﬁfa#) fein the stator

asseﬁb' 1 ncldes, ﬁ;sééml5 §@§®%§t§f§ﬁ@§@%rﬁé‘ H8ving &EBa2DO4 the

shr oud and bounded rubstrip and wherein said chanbers are in flow
comuni @atarah & mmxghratel Basta onebs Br gperiiclvi ¢dmpheseXxt eri or of the

stator assenbly. A sta se f or otar an axis
A and a substara‘i‘éb'"?‘bl?aﬁe ‘BEI{‘?‘? Pb ‘i:}?'nelé%%i?%téjs %’bl 1t at i(If:llgr med of a
thermp'é@ééﬁ%ﬁfé@hf%w&aﬁmeﬁmcrwwéerwtt}aéIeyxim th; respect to the
axis A, 5 a preforned, circunferentially extending rubstrip which is

forn®d of a GuqedaEwime@necxtmmw¢e¢ﬁnﬁ#¢%ﬂy X i@t SR 2 C4Ri ch ext ends
bet ween épﬁﬂﬁpﬁ%o %rw%g %Icongr &bgei1$@$gr£@%bgpqné{5%£§frnDplaSt'C

subst r at"t AT ayer époxy resin priner, a 10 silicone
rubber prinery afeh@ mate£0aE WhbbEre keSS V@et&geeﬂ'h’encst;afenfoassenbl y as

claimed in claim8 wherein the

silicone rubber material and the thermoplastic substrate
which is formed of a layer of epoxy resin primer, a

10 silicone rubker primer and a silicone rubber adhesive.
9. The stator assembly as claimed in claim 8 wherein the
epoxy resin primer is disposed adjacent to the
thermoplastic material, the silicone rubber adhesive is
adjacent the preformed rubstrip formed of silicone rubber

5 material, anc said silicone rubber primer is adjacent to
the epoxy resin primer and adjacent to the silicone rubber
adhesive.
10. The stator assembly as claimed in claim 1 wherein the
rub strip is a silicone rubber material, the shroud is a
thermoplastic material, and wherein the bond material for
the rubstrip is formed of layers which results from

5 applying an epoxy resin primer to the thermoplastic
material of the shroud, disposing a silicone rubber primer
on the epoxy resin after the epoxy resin primer has cured,
disposing a silicone adhesive paste between the silicone
rubber primer and the rub strip and pressing the rub strip

10 into place against the silicone rubber primer.
11. A method of bonding a preformed, silicone rubber

article to a thermoplastic substrate comprising:
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epoxy resin primer is disposed adjacent to the thernoplastic material, the
silicone rubber adhesive is adjacent the prefornmed rubstrip forned of
silicone rubber 5 material, and said silicone rubber priner is adjacent to
the epoxy resin priner and adjacent to the silicone rubber adhed kE8 2000.
The stator assenbly as clainmed in claim1 wherein the rub stripis a
silicone rubber material, the shroud is a thernoplastic, material, and

wherein the Q&"%%%ﬁiéllépér dhegabstFd Pih Spf OrdEbOfthayers which

results fromb5 g an epoxy resin primer to the thernoplastic

mat eri altofrridyel sér dudsuldstspoise ng a silicone rubber prinmer on the epoxy
reS|§.after the epoxy resin prinmer has, cured, disposing a silicone

adheli ve past@ HEIHheeh® t PRO%Y | TeoHe PTibDet primer and the rub strip and

pressing the yub strip 201ipto pF age) pGAStultber S ikoneos uber pri mer.
11. A nethod ot@%ondr:“’rg\)g a pBFeforrred, sili con‘fe rub?)perl article to a
t her noplastéd <pdrsy ra¢eicoppimsing: 19 - 9 FEB 204 disposing a | ayer of

epoxy resin primer on the thernpplastic substrate;,s curi h poxy
resin prinmer;HFRYHEF Pe? alT%%rggfsngr?%%%er‘?%% r‘Elcfohrelsn%le‘%é orgﬁle%%%er?cur ed
epoxy resid P Bne diSPOSE NYr @i & By ean@f £18d | § CONGoHaI bbb @clhesiner pet ween
the silicone rubber article and the silicone rubber primer; 10 and, urging
t he1@i | iwohe rubber article toward the thernoplastic substrate to apply

t | f. ial, b . [
pressure, Lo S Later s ok TRLEE] Blobetveenudle LhelspRlgst ¢ subst ol e and

_ e pressure for a 15 period of
tine. thermoplastic substrate to apply pressure to any layers of

material between the thermoplastic substrate and the
silicone rubker article and holding the pressure for a

16 period of time.
12. The method of bonding as claimed in claim 11 wherein
the step of curing the epoxy resin primer includes heating
the epoxy resin primer to an elevated temperature and
holding the primer at the temperature for a period of time.
13. The method of bonding as claimed in claim 11 wherein
the step of disposing a silicone rubber primer includes
setting the silicone rubber primer prior to contacting the
silicone rubber primer with the silicone rubber adhesive.
14. The method of bonding as claimed in claim 12 wherein
the step of curing the epoxy resin primer includes holding
and the epoxy resin primer at a temperature of about three
hundred fifty (350) degrees Fahrenheit for about one hour.
15. The method of bonding as claimed in claim 11 wherein
the epoxy resin primer is applied as a fluid which includes
an epoxy res.n disposed in a solvent which promotes bonding
between the epoxy resin and the thermoplastic material.
16. The method of bonding as claimed in claim 11 wherein

the epoxy resin primer is applied in the form of a fluid
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12. The method of bonding as clained in claim1l wherein the step of
curing the epoxy resin prinmer includes heating the epoxy resin psQFEs %R
an el evated tenperature and holding the prinmer at the tenperature for a
period of time. 13. The nethod of bonding as clainmed in claim1l1l wherein
the step of disposing a silicone rubber priner includes setting the
silicone rubber primer prior to contacting the silicone rubber primer with

the sil Lgane cubber, adhesive. s pld. The meChodol, baading apcakal mod in

claim13™ curing the ep esin priner includes

hol di ng; apdvkbRe epeX¥dr eFi B Pieithel -athg lt-kepenature of about three
hundred fifty (350) degrees Fahrenheit for about one hour. 15. The net hod

of Fpngﬂﬁg aéfﬁb&b@@dcﬁhf@ﬁwﬁﬁﬁlf WIYEtEItn 2 SEREPd Yo XY Ir siTR T Bi¥mer i s
applied as . a fluid which_ incl resi [ S i3 sol vent
mhych_p@BﬁBf@?'b&g iﬁg%aﬁgt&%gﬁﬂtee%%ggg %gs?%lgn ?ﬁg ?%3?@§§Fastycn
materi ahluifiithe oretshed cof vhordi rgtanddng tedarnlyl aicmob® wherein the

epoxy resin primer is applied in the formof a fluid 20.- 9 FEB 2004 and
tpe epofﬁrréggﬂﬂfﬁﬂﬂﬁrfﬁﬁ@@@&@s éﬁ@xft@é§Fha&F?Hggédlpﬁlu§l§@l@ent f or med
o] met hyl.- et hyl - s ket o . f.f.ormng a stator assenbly for a
rota yisﬁé&ﬁpﬁg,rfﬁé“%b?%?f{%ééﬁigg g@ﬁ%ggén axis A and having a Y
plurality of psle@laghinanes iexteandihnguchwer dihe raopdes td ¢ wertlenig lmedi um
flowpath, the stator assenbly including a 5 silicone rubber bstrip,
conpri sfRg: rErEpaingg ain SPAYT ISHIGUP O thermEplaStite Sg)ﬁo&qr gﬂemfgor
L e 828R BV iR Rt TRlast: h&d MEeR hehisaud deiige sadapted to engage
of the 0

at | eas \ r vanes in the installed condition, the inner
shroud hagitag laal westdiedmn]0 tked |inne r ishroasd ha vdosn Sty elRALAHA™ whi ch

EXt'ﬁ:pd wgilrl?ug e;:ri%rlt ia%'d ¥';l %%%n\,\sn:irce%marw%lﬁp%d%%.%ha)éix%leln)ﬁ I eaving an
circumferentially and which are spaced axially leaving an
upstream chamber between the rib and the upstream wall and
a downstream chamber between the rib and the downstream
wall, the chambers extending circumferentially and each

15 being open in the radial direction

disposing a layer of epoxy resin primer on the
thermoplastic substrate, the epoxy resin primer including a
solvent which interacts with the thermoplastic material;
curing the epoxy resin primer;

20 disposing a layer of silicone rubber primer on the

cured epcxy resin primer;
disposing a layer of silicone rubber adhesive between
the silicone rubber rubstrip and the silicone rubber
primer; and,

25 urging the preformed silicone rubber rubstrip toward
the thermoplastic substrate to apply pressure to any layers
of material Letween the thermoplastic substrate and the
silicone rubkter rubstrip and holding the pressure for a

period of time which includes forming & strip of bond
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upstream chanber between the rib and the upstreamwall and a down
h ’ £

chanber between the rib and the downstream wall, the chanbers ext
circunferentially and each 15 being open in the radial direction disposing
a layer of epoxy resin prinmer on the thernoplastic substrate, the epoxy
resin prinmer including a solvent which interacts with the thernoplastic
material; curing the epoxy resin priner; 20 disposing a |layer of silicone

rubber priner. an the cured.e ' i , A SRASI NG fnd axer of
Si I?@on%ﬁtﬁt}e&‘ éﬁhlecsq vael{tbae%}%/\ezée))r(l%% ﬁ@%tlpﬁrl one0 I‘t(lﬂ) er rubstrip and the
siliconeyaulaey. primer; and, 25 urging the preforned silicone rubber
rubstrip toward the thernoplastic substrate to ply pr ssurﬁg}o any

| ayers 16f. ndther imdthsedt vidlenf @ HRL et nDp et i8S ¥ & T silicone
rubber ruybstr.i nd hol di | i whi ch
" RSP A Sl § D6 ALLSHA &l B8 PRIAP hbledddP Whi ©

i ncl udes’ nhg 'a stri'p o 2004 30 material which

att aches fdeiddipstdinpidd 4 hee ablbst wash tahe tthbatithip ld Tiee method of
formng a stator assenbly of claim17 wherein the step of form.ng the
strip oWrdord swaley itdle RRMRRELITFHRhP R |CTt?é'E%%¥ {HE rUbstH i p and

the ghr %‘P.qulj%‘aée%ai'aﬁ tqhgirgfe(g% 04 Pordd am afy the ghamheligagd hes strip 5 of

bond” materia el ng capab Ing the | eakage of gases and wherein
the shrqukdnsarml weasdinnshopenagl ekt pleces o erriied YH¥EH | ow

comuni cation with the exterjor__of the shroud and y\@ilct dapt s {he stator
assenbl W%%%%d@?%éﬁﬁ‘@%%ﬁ?|Jz’édf3g%"§e%°%‘ﬂuvﬁ?teﬁ]ec?rh The rrre}f%o%p”f fcllides a 10
nggt g}‘ 5%%4{%ﬁ%§tér?&‘%@ié’% 1 &8, boneh bl weest tdesatsDpdto and t he
p by flow ng pressurized gases into the ,
receive pressurized gases and wherein the method includes a
10 step of testing the strength of the bond between the shroud
and the rubstrip by flowing pressurized gases into the
chambers to exert a predetermined level force against the
rubstrip.
19. The metkod of forming a stator assembly of claim 17
wherein the step of urging the preformed silicone rubber
rubstrip toward the thermoplastic substrate includes
deflecting the preformed rubstrip radially into the chamber
5 bounded by the rubstrip such that a portion of the rubstrip
extends radially to axially face a radially extending
portion of the rib and wherein the elastomeric bond
material extends radially and axially between at least part
of the axially facing portions of the rib and the preformed
10 rubstrip to increase the shearing strength at the juncture
of the rubstrip and the rib,
20. The method of forming a stator assembly as claimed in
claim 17 wherein the step of curing the epoxy resin primer
includes heating the epoxy resin primer to an elevated

temperature and holding the primer at the temperature for a

5 period of time.
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chanbers to exert a predeterm ned |evel force against the rubstrip. 19.

The nmethod of formng a stator assenbly of claim 17 wherein the stgg) gé
urging the preforned silicone rubber rubstrip toward the thernopla ' Fleb 2004
substrate includes deflecting the preformed rubstrip radially into the
chanber 5 bounded by the rubstrip such that a portion of the rubstrip
extends radially to axially face a radially extending portion of the rib
and whergi n the %@éﬁ@@e?(fcﬁgﬂﬂgng MRt & 4 @b r x4 £0S ¢ agh ablyimedl axi al |y
between at” | east part of the axially facing portions of the rib and the
pr ef or el sliGh ribsihd pein therebep ¢hedbirasimg st3ehptnAtYYMRET uncture of
the rubstrip and the rib. 20, The net hod of form ly as

cl ai med REHMSY i A9C Ghet 8F h1Rhet 2 Pl LFCWF i E%b%%% @p%ﬁ(?/{r %l?c?lrsggr?ner

i ncl ude | POXYi EESE N PEHERIpE néP wlevatied sikhpetature and

hol di ng%t ﬁé&%ﬁ%gtﬁgy%%ﬁﬁgrgﬁre f%r a b5 period of tine. 22 - 9 FEB
1004 21.rubremeddioss ofeformng a stator assenbly as clainmed in claim 17

wherein the step of disposing a silicone rubber i [ tting
the sili%one rﬂ'b%e‘?e'bkﬂ‘?ﬁgre?fpg?ﬁ‘?‘“f‘% ac%ﬁ%%?iﬁﬁs?rﬁgeigﬁl?cg%eﬂ?% bisel? pri ner
With {8l oG HOBRT RENGELY Cot 2ur Tilg oRENOgody fosmng: fmst at or

assenbly as clainmed in claim21 wherein e step of curing the eggxy resin
primer dimclwites holding the epoxy resim primer af a tenperature about

three hundred fifty (350) degrees FabpenheltoLorrabputnone bopr. 23

about one hour.
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