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CROSS-REFERENCE OF RELATED APPLICATIONS
This application relates to the following co-pending U.S. Applications filed on

_even date herewith and commonly assigned to the assignee of the subject application:
U.S. Application Serial No. (EH-10128), entitled A FIXTURE FOR USE IN
5 DISPOSING A REGION OF MATERIAL ON THE SHROUD OF A ROTOR BLADE,
by Ittleson et alia, and U.S. Application Serial No. (EH-10129), entitled CLAMPING
FIXTURE FOR A ROTOR BLADE SHROUD, by Ittleson et alia.

TECHNICAL FIELD

10 _l . . This invention relates to axial flow rotary machines and more particularly to a
method for forming the face of a shroud on a used or partially formed rotor blade for
such a machine. |

BACKGROUND OF THE INVENTION

15 Axial flow rotary machines, such as gas turbine engines used for the propulsion of
aircraft, bave rotor assemblies disposed within the engine. Each rotor assembly is used to
transfer energy between the rotor assembly and gases flowed throﬁgh the engine. The
rotor assembly is commonly provided with rotor disks each having a plurality of rotor
blades.

20 Each rotor blade typically has a root which adapts the blade to engage a
' corresponding groove in the disk for retention of the rotor blade. An airfoil extends

outwardly from the root and has a convex side and a concave side for interacting with the -
working medium gases. The rotor blade may also be provided with a shroud, suchasa
tip shroud at the outer end of the airfoil. Each shroud has laterally (circumferentially)

25  extending faces and axial extending faces. An example of an axially extending face is the
notch face. The shroud extends circumferentially to engage the shroud of each of the
adjacent rotor blades at the notch face.
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“U.S.“Application Serial No. (EH-10128),. entitled A FI XTURE FOR USE IN 5
DI SPOSI NG A REG ON OF MATERI AL ON THE*SHROUD OF A ROTOR BLADE
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transfer energy between the rotor asse y and gases Tl owed through the
engi ne. Theresult, the rotor bladessand ishdopds aresobjectad ;o fluctwatimggasflovs and bighdi sks

each haV|ng a plurality of rotor
temperatures.

These fluctuating gas flows induce vibrations in the blades which are damped by
sliding friction as the shrouds rub against each other. Such rubbing causes wear. The

10  notch face of the shroud at the point of contact has a hard facing material to extend the
life of the rubbing surfaces on new blades and is replaced on used blades after the notch
becomes worn. '

The presént invention is concerned with a fixture and method for disposing shroud

. material, such as a weld material for hard facing a cross notch, on the substrate of a used

15  rotor blade or on a new, rotor blade which is partially formed. Accordingly, the term
“rotor blade” includes a partially formed rotor blade having a substrate that adapts the
rotor blade shroud to receive such material, or is a used rotor blade having a portion of
the shroud surface machined away to form a substrate prior to restoration of the rotor
blade.

20 One method of providing hard facing material to a shroud is to melt hard face
material at the notch face by passing an electrical current through the material, such as by
welding. This results in a pool of moltén material. The molten material is used to build
up the thickness of material on the notch face as it hardens. Unfortunately, the pool of
molten material coats the top of the shroud, coats the flow path surface beneath the

25  shroud and extends radially past the notch face surface as it hardens.

It is relatively straight forward to remove the deposited material from the top of
the shroud because this is not a flow path surface and is easily accessible during the rotor
blade fabrication process. The underside of the shroud is a different matter because it
includes hard face materiai protruding from the substrate and attached to the shroud. The

30  protrusion adds weight to the shroud at a critical location and disrupts the aerodynamic
smoothness of the flow path surface. The once molten material, now hardened into a
lump of hard face material, is removed from the under side of the shroud to decrease
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bl ades. 20 - Each rotor blade typically has a root which adapts the
bl.ade to engage a correspondi ng groove in the disk for retention of
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"Zidj acent st ot lesHaBid%nd kpdnlive." MdcHinti3GE not an attractive alternative because of difficulty
in locating a partially formed part, such as a rotor blade during manufacture, that has a
. substrate which receives the molten material. The typical method is to rigidly support the
rotor blade for the machining operation by engaging the partially formed root of the rotor
blade. A rotor blade with an unfinished roots is difficult to locate using the root as a
10  datum for the machining operation because the location of the shroud then has much
variability in a locating fixture. Using a cast block datum around the airfoil is an
alternative, but the block prevents access to the underside of the shroud and prevents
removing material from the flow path surface located there. _
- Accordingly, scientists and engineers working under the direction of Applicants’
15 assignee, have sought to develop a method and an apparatus for use with the shrouds
rotor blades which decreases the difficulties associated with removing hard face material
from the flow path surface of the rotor blade shroud.

SUMMARY OF INVENTION

20 This invention is in part predicated on the recognition that a very small amount of
hard face material may be tolerated on the flow path surface of the shroud providing its
mass and its roughness and any protrusion from the surface into the flow path are no
greater than fimits which are much smaller than the protrusion that presently results from
depositing hard face material. For example, for typical rotor blades it was recognized that

25  aprotrusion is acceptable providing the protrusion is no greater than ten thousandths of
an inch (.010”) with a surface roughness Ra measurement of ninety to one-hundred and
fifty (90-150) micro inches as measured in accordance with the procedures set forth in
specification “ANSI B46.1 - 1985 Surface Texture” available from the American National
Standards Institute.

30 According to the present invention, a method for forming a region of hardened
material on the notch face location of a rotor blade includes melting hard face material at
the notch face while urging a metal pad against the underside of the shroud to block the

flow of molten material to the underside of the shroud.
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"During operation of the machine, the rotor blades in the turbine section
extend outwardly across the working nediumflow path. The rotor

bl ades recei ve ener gy fém t he worKi medi um fl ow path to drive the
rotor assenbly abdhfccordanes with gne embediment of|the present mveation, ths step;plgiging
section, they
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rotor assenbbftheada result, the rotor bl ades and shrouds are
subjected to fluctuating gas, flows and hig t enper gt ur es.

These fl uct uat i ngIRaecor aa%mtha@b@qthqsrembpémnt af the proseatdaventian.the step of
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surfaces on new bl ades and is repl aced on used bl ades after the notch

becomes wor n Substantially parallel to ﬂln@nMQenfﬂ!ﬂrsbmuﬂ+ on is concerned with a
mat er al forhard i AGORGRREE B S8 RebRHiment of e PROH ifepmiot i A6 Btk o
ng g; | Ib In ade 9?% ggatuzsrt Ewnow Path surfARWYT thd $hebud ificlidésiurgink Yhe $dd"With a resilient
?0 force such that the pad resists movement away from engagement with the flow path
surface of the shroud with a restorative force.

In accordance with one embodiment of the present invention, the step of urging a
pad against the flow path surface of the shroud includes engaging the rotor blade

. outwardly of the root section of the rotor blade to orient the pad with respect to the flow
15  path surface of the shroud.,

In accordance with one embodiment of the present invention, the step of engaging
the rotor blade outwardly of the root section of the rotor blade to orient the pad with
respect to the flow path surface of the shroud includes disposing support structure
adjacent the rotor blade which engages the pad ahd engaging the shroud section of the

20 rotor blade for wpporﬁng and positioning the pad from the shroud section.

In accordance with one embodiment of the present invention, the method includes
transferring heat from the molten material adjacent the pad at a greater rate than the
material adjacent the shroud and the step of blocking the flow of molten material to the
flow path surface of the shroud includes the step of increasing the viscosity of the molten

25 material adjacent the faying surfaces of the pad and shroud by transferring the heat at a
greater rate from that location.

In accordance with one embodiment of the present invention, the step of
transferring heat includes limiting the amount of heat transferred such that the pad does
not act as a heat sink transferring too much heat out of the molten material and causing

30  cracking of the molten material and heating the pad to a temperature which is less than
one-third the melting point of the pad material.

In accordance with one embodiment of the present invention, the step of engaging
the rotor blade with support structure includes orienting the support structure for the pad
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"rotor blade" includes a partially formed rotor blade having a substrate

t hat adapts the rotor bl ade shroud to receive such material, or is a
ased rotor bl ade having a portion of t he shroud surface nachi ned away
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shroud or blocking molten material from extending toward the airfoil beyond the flow
 path surface of the shroud. Another advantage in one embodiment of the method is the
ease and speed of installation of the pool of molten material to the pad and the blade
15 shroud which results from orienting the support structure for the pad such that the
support structure does not extend laterally beyond the pad and does not extend radially a
substantial distance between the platform of the blade and the flow path surface of the
shroud. An advantage is the quick seating of the pad against the flow path surface of the
shroud in a faying relationship which results from contouring the pad to a contour which
20  closely matches the flow path surface of the shroud and rotating the pad about an axis and
inclining the axis with respect to the lateral direction of the shroud. An advantage is the
durability and integrity of the weld material which results from limiting the amount of heat
flowing to the pad to avoid a significant heat sink adjacent the hard face material. Still
another advantage is the blockage of molten material which results from increasing the

25  viscosity of the molten material by transferring heat at a greater rate than into the shroud.
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rotratsi onal stresses in the shroud to accept abI e levels and to forma
surface havi ent abl e aer oo mot hness. One
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below.
The fixture is shown in exploded fashion to show the relationship of different
- elements of the fixture to faces 16, 18 of the rotor blade. The face of the rotor blade
might extend laterally (circumferentially), such-as the ﬁace 16, or might éxtend axially such
10  asthe notch face 18. The material is deposited on a substrate of a used rotor blade or on
a partially formed rotor blade to form the faces of the shroud shown on the finished rotor
blade. For example, parent material might be deposited on the lateral face and hard facing
material deposited on the axial, cross notch face. Accordingly, references to the notch
face and hardened material that follow are exemplary in nature and do not limit the scope
15 of this disclosure. ' '
The finished rotor blade is shown disposed about a spanwisely extending axis L,.
The following description, except for the substrate and notch face, is common to a
finished, a partially finished, and a used rotor blade. The rotor blade has a first end 22
having a root section 24 and a platform section 26. The platform section has a first side
20 28 and a second side 32. The rotor blade has a second end 34. An airfoil section 35
having a length L, extends spanwisely from the first end to the second end. The second
end includes the shroud. The shroud has a first side and a second side which extend
laterally with respect to the airfoil.
Fig. 1A is an assembled view of the fixture shown in Fig. 1 and shows the fixture
25 14 inits operatively engaged position with a used or a partially formed rotor blade 10.
The shroud of the partially formed blade has a substrate, such as a notch substrate 36, for
receiving hardened material. A notch face location 38 is spaced laterally from the
substrate. Hard faced material is applied to the substrate until the hard face material
extends through and beyond the notch face location. Thereafter, the blade will be
30 machined to its final form, with the finished notch face 18 on the rotor blade extending to
and located at the notch face location 38. ‘
As shown in Fig. 1 and Fig. 1A, the shroud has a flow path surface 42 having a
first side 44 and a second side 46. The fixture 14 has a pad 48 having a surface 50 and
6
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“bl ade. A rotor blade with an unfinished roots .is difficult to | ocate using

the root as 0 t he . 0§ ' tion
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bl ock prevents access to the underside of the shroud and prevents

removi ng mawhichadapts she padgorengagethe flow pathawisface 42 ofthesheoud 12 of the rotor
Accor di ngl yb@ci entists and engi neers working under the direction of
Appl i cant s’ ©  assi gnee, have sought to devel op a nmethod and an appar at us
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the base as is shown in Applicants’ application Serial No. (EH-10129), entitled Clamping
Fixture For A Rotor Blade Shroud, by Ittleson et alia, the material of which. is
incorporated herein by reference and is discussed with regard to Figures 6, 7 and 8.
The base has a first surface 60 facing outwardly and bounding a portion of the
15" passage. A second surface 62 disposed across the passage faces outwardly and bounds a
portion of the passage. The surfaces adapt the fixture to engage the sides 28,32 of the
platform section 26 of the rotor blade 10 in its unfinished condition. The opening of the
passage extends inwardly from the first surface and the second surface and adapts the
base to receive the root section 24 of the rotor blade.
20 The base is provided with a clamp 64 having a pair of arms 66,68 extending
laterally. The arms are spaced apart leaving a gap G therebetween which adapts the
clamp to extend on either side of the airfoil section 35 of the rotor blade. Each of the
arms has a projection 72,74 which extends from the arms. The projections adapt the arms
to each engage one of the sides of the platform section of the rotor blade. In the
25 operative condition as shown in Fig. 1A, the platform section is trapped between the arms
of the clamp and the outwardly facing first and second surfaces 60,62 of the opening 58.
A screw fastener 76 has a rod 78 that threadably engages the base 54 for urging
the arms 66,68 of the clamp against the platform section of the rotor blade. The screw
fastener has a head 82. A spacer 84 has a first end 86 which engages the arms of the
30 clamp and a second end 88 which is adapted to engage the head of a screw fastener. The
spacer further has an opening which extends from the first end to the second end of the

spacer and which adapts the spacer to receive the rod of the screw fastener. Inan
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“25° -a protrusion is acceptable providing the protrusion is no greater than
.ten thousandths of . an inch (.010") with a surface roughness Ra
<measurenent of ninety to one-hundred and fifty (90-150) mcro inches

as Mmeasur eGltehafiCombtaidiion, ie sErelv TRstericp ifladeods aSGile fidelassenibly having a spacer
specification "ANSI B46. 1 - 1985 Surface Texture"™ available from the
Aneri can Ndotegrahivith the heagtof thecscriw fastenént ut e. According to the
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under si 8e mngagecthe noatiséction 24 of the rotor blade element during the welding operation. An

elastic element, as represented by the spring 98, is adapted to exert a force against the

" grounding block to urge the grounding block into abutting contact with the rotor blade

under operative conditions. Alternatively, the elastic element might be 2 pneumatic or

hydraulic device.

10 As shown in Fig. 1 and in Fig. 1A with an unfinished rotor blade 10, 2 housing
assembly 52 is the assembly for urging the pad into engagement with the flow path
surface of the shroud section of an unfinished rotor blade. Alternatively, the assembly
might be a clamp construction as shown in U.S. Application Serial No. (EH-10129), or

" any another construction which is able to urge a pad against the underside of the flow

156  path surface of the shroud. Examples are pneumatic or hydraulic devices attached to a
base or to the rotor blade for support or independent of both.

The housing assembly has a passage 102 having a first end 104 and a second end
" 106. The second end has an opening 108. An elastic element, such as a spring 112, is
disposed in the passage. The spring has a first end 114 which engages the first end of the

20 passage and a second end 116 which faces outwardly. A bar 118 is disposed in the
passage. The bar 118 has a first end 122 which engages the elastic element and a second
end 124 extending beyond the passage. The second end has a channel 126 which adapts
the bar to receive an arm. |

An arm 128 extends through the channel 126 of the bar 118 to slidably engage the

25 bar. Fig. 2 shows the pad 48 in the engaged position and the pad 48a in the non-engaged
position. The arm is moveable outwardly by movement of the bar and laterally by
releasing a fastener 132 to enable movement of the arm in the directions shown in Fig, 2.
The screw fastener threadably engages the bar and extends through the channel. The
screw fastener exerts a force on the arm to secure the arm against movement once the

- 30 armis adjusted to the correct lateral location, as shown in Fig. 2.
Fig. 3 is a side elevation view of the shroud 12, of the pad 48, and of the arm 128
of the assembly 52 for urging the pad into engagement with the flow path surface of the
shroud. The arm of the assembly 52 has an opening 142 bounded by a first surface 144

T 8
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"4 I n accordance with one enbodi nent of the present invention,
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flow 159 Pl fhtaiths aBSG t’ﬂé akif &, Shroud.

The surface 50 of the pad is a second surface on the pad 48 having a contour
which closely matches the contour of the flow path surface 42 of the shroud. The second
surface adapts the pad to engage the flow path surface of the shroud and extends laterally
beyond the hard face location of the shroud and beyond the edge of the shroud such that

- 15 - the pad in the engaged position blocks the flow of molten material to the flow path
surface of the shroud. Thus, the second surface closely matches the contour of the
shroud to an extent which avoids deposition of an unacceptable amount of material on the
flow path surface of the shroud and insures that any deposition is within acceptable limits
set by aerodynamic and structural concerns. As will be realized, in some embodiments the

20  amount of deposition may require a small amount of rework to bring the flow path surface

within acceptable limits. This might occur if the second surface was deliberately
contoured to provide this result for reasons unconnected with aerodynamic or structural
concerns.

Fig. 4 schematically represents the deposition of the hard face material 154 at the

25 notch face location 38 on the shroud. As shown in Fig. 4, suitable welding wire 156 is in
contact with the molten material 154. An arc of a welding torch 158 is used to supply
electrical current and heat to the weld wire and hard face material to cause melting of the
weld wire and hard face material adjacent the notch face location.

Fig. S shows the hard face material 154 at the end of the deposition process. The

30  hard face material is shown extending above a portion of the shroud. The hard face
material only extends below a portion of the shroud to a slight extent as a result of the
faying relationship between the pad 48 and the underside 42 of the shroud. The amount
of material which may extend under the shroud after use of the pad is so small that it

9
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“In accordance with one enbodi nent of the present invention, the step of
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mel ting pﬁie%r&ﬁer&mtﬁﬁq"&%& thad seven cro-mches I n accordance with one
enbodi nent of the present invention, step of engagi ng
Figures 6, 7 and 8 are a view of an alternate embodiment of the construction
shown in Figures 1 and 1A. In this embodiment, the rotor blade is supported by a
separate base 304.
15 * As shown in Fig. 6 and Fig. 7, theshroudhasaﬂowpathsurface42havmgaﬁrst
side 44 and a second side 46. The fixture 214 has a pad 248 having a surface 250 and an
assembly, as represented by ihe assembly 252, for urging the pad into engagement with
the flow path surface 42 of the shroud. The assembly has a pair of jaws 254,264 which
rotatably engage each other at a pivot 256. The pair of jaws is formed of the first jaw
20 254 having a first end 258 and a second end 262; and, the second jaw 264 having a first
end 266 and a second end 268. The jaws are disposed about and moveable toward an

axis A; of the assembly by an element, as represented by the spring element 272, for

urging the first end of the jaws apart and the second end of the jaws together.
The first jaw has a first side 274. The first side has a pin 276 and a pair of spaced
25  apart surfaces 278. A first appendage 282 is disposed between the surfaces. The
appendage has a slot 284 in which the pin is disposed such that the appendage is slidably
and rotatably attached to the jaw to permit movement in the axial D, and lateral Dy
directions. The first appendage has a surface 286. The surface 286 adapts the appendage
to engage the flow path surface 42 on the first side 44 of the shroud 12.
30 The first jaw 254 has a second side 288. The second side has a pin 292 and a pair
of spaced apart surfaces 294 as does the first side 274 of the jaw. A second appendage
296 is disposed between the spaced apart surfaces on the second side. The seconid .
appendage has a slot 298 in which the pin 292 is disposed such that the appendage is

10
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“the rotor blade with support structure includes orienting the support

St ructure f 3‘9&%‘9{ ﬂ 5<(31at[ahlg atigehed tp the jay and permjts oyshent, in the axial and, lateral

beyond the ggéktigpsl does not extend radially a substantial distance
between the platformof the blade and the flow path surface of the
shroud. The secondjamn264yof the assembly 252 facep oppasitelyita $hafiristand seconde st ep

of bl ocki ngsiggsl 5764':58@3 c;[fe tﬂé é‘llst jaw 254. The second jaw at the second end 268 is disposed
5 laterally between the first side 274 and the second side 288 of the first jaw. The second
jaw has a surface 302 which adapts the second jaw to engage the non-flow path side of
the shroud. E _
As shown in Fig. 7, the pin 276 has been loosened and the first appendage 282
rotated and moved laterally and axially with respect to the first side 274 of the first jaw

10 254 such that the surface 286 of the appendage engages the underside or flow path
surface 42 of the first side 44 of the shroud 12. Similarly, the second appendage 296 has
been adjusted such that the attached pad 248 is in its operative position. The surface 250
of the pad engages the flow path surface of the shroud. The surface 250 has two points
a,b on the surface which, with a point ¢ on the surface of the first appendage, define a

15" plane which is substantially parallel to the flow path surface of the shroud. The pad
extends laterally beyond the notch face location 38 of the shroud 12 (the distance between
the notch face location 38 and the substrate 36 is exaggerated) to engage the flow path
surface 42 of the shroud and beyond the shroud such that the pad in the engaged position
is adapted to block the flow of molten material to the flow path surface of the shroud.

20 Fig. 8 is a side view of the fixture 214 and the unfinished (partially formed) rotor
blade 10 shown in Fig. 2 in the engaged position. Fig. 8 shows the appendages 282,296,
of the fixture engaging the lateral sides 44,46 of the flow path surface 42 of the shroud.

In addition, Fig. 8 shows a base 304 for engaging the rotor blade 10 to support the rotor
blade as the hard facing operation takes place. |

25 During operation of the fixture shown in Figures 1 and 1A, rotor blade after rotor
blade is installed in the fixture and welded. Each blade is quickly removed and a new
blade installed by releasing the threaded fastener and tightening it. The rotor blade is
positioned by the platform section which, compared to the root section in a partially
finished blade, is 2 much better datum. The arm 128 and bar 118 which engage the spring

30 112 are easily moved, compressing the spring. The pad is moved into position against the
new blade, with compression of the spring accommodating differences in height between
rotor blades. These differences might occur for the same type of rotor blade or for -
different types of rotor blades as the new blade is installed because of the partially formed

— 11
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5 “fromflowing to the flowpath surface of a shroud. Anotheér feature is
avoi di ng heating the Qi)ig_gl to a tenperature which approaches its
mel ting poi paturenfthefelade and: slight differences in ovientation of the biade: in thejfixtuset Atneav

ot he shr obtie PErEyBRCmbY fedule 8 olre Sk bed a8 Rfonln el bS8y 1 e P
l'ocation. releasing the threadedfastefierVB32, slidiriy the Gfin it 6 eRgRiRTeMPand dIYFIMtg | S

the efficiency and cost saving 10 which results fromelimnating the need

to finish tPeVamywithapadattacheddn te fixtureon sisiply removing the glip regainer featn ther

bl ocki t hg. fl ial f he, f | t f f the .
ohroud & pia 3% otd it i BRbeibg e sl Bod WRm IR 4" e i o | beyond
the flow PThépad 48 a%sw{]agamieﬂymwmthgé%imrﬁﬁ g{rifh hee

enbodi nent of the nethod is f ease and speed of ins ation of the
pool of nol urderside efitheflowpatthsurfageiofithd shrioud by achson 6f its atiility tel rathteaboutesul t s

fromorienting,the suport..styuct.ure f he d ch that .the

support str ﬁ’ggﬁf @%8@@%8@%@@‘ Teé‘?@?gﬂ ‘E‘? aﬁg%ﬁgﬂﬁﬂi’eﬂ‘&@ “hﬂ’ﬂ gy d28,0f;
extend radi g{ela¥sembly 52. mgpg{eey%i- seli fedSin %gp&m f the
bl ade and tﬁig flowy a2th surface cl)s?ﬁl%lﬁgfgé Eﬁou . An aéir’\ét“ggg%@s t he
qui ck skt i clgmpfwithtée platform section of the rotarnbladethas causédia smail misalignment of tHer oud

L 22 MOl kAR Rttt of el Sp Lo SSHS SULUN e gt @ contou
e P g ebinARa s ety b, B gl it © 1
associated with such a root and speeds set up time in the fixture.
The thermal conductivity of the pad 48 is greater than the thermal conductivity of
15" the hard face material 154 and the shroud 12. A tungsten pad, which has been usedto
good effect, has a thermal conductivity that is normally four times greater than the
thermal conductivity of the molten material and the shroud at operative temperatures. As
the weld material 154 is deposited on the pad at the hard face location, the pad conducts
the heat away from the molten material adjacent the line of faying contact between the
20  shroud and the pad at a faster rate than at the shroud. This causes the molten material to
become more viscous at that location, blocking the leakage of molten material to the flow
path surface of the shroud. The thermal capacitance of the shroud (the mass of the
material multiplied by the specific heat at constant pressure) is established such that the
pad does not act as a heat sink of such a size that cracking of molten material occurs as it
25 cools. Thus, even though the thermal conductivity is high with respect to the material on
the shroud, the thermal capacitance of the pad is such that cracking of the molten material
is avoided.
The melting point of the pad is greater than the melting point of the shroud or the
molten material. This avoids attaching the pad to the shroud. A melting point of two,
30  three or four times the molten material is desirable to provide a factor of safety. In fact, a

tungsten pad will have a melting point that is about four times the melting point of the
molten material. '

12 . .
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durability and integrity of the weld material which results fromlimting
t he anount of heat flowng to the pad to avoid a significant heat

i nk adj t th - ial. Stil . s -anath van e is the
bl ookage of ol ¢ ahPabCup S dReCof Brorii vention in PR PINEMRALT 01 )
of the nol tamwﬂﬁﬁswmémfﬁmwmemroadgmadgﬁmﬁagMﬁm into the

shr oud.

BEST MODE Ferdisreftheiiowpatimsuefaconitie sianud is one way of rempyigg exgess mnltex pl oded
Per Pt kil i LBl Sl it AR, B bl ).
of a rot®r operatiolinéfins dftiné ardl xﬁﬁbﬁ& il pedfonhd pePRrfiing e SPETRBNC THS
expl anat i on. The bl ade used with t
repetitive motion of moving the gnndmg wheel with respect to the surface to obtain an
acceptable finish without damagmg the flow path surface of the shroud may adversely
. effect muscles and tendons of the arm required to repeatedly perform that motion. In
addition, even the most conscientious and most skilled personnel may occasionally injure

10  the flow path surface of the shroud by over grinding or over sanding the flow path surface
of the shroud resulting in scrapping of the part. '

A particular advantage of the construction shown in Figs. 6, 7 and 8 is the |
orientation of the assembly 252 for urging the pad into engagement with the shroud. For
. example, the spanwise length of the assembly is about six tenths of an inch below the

15 shroud. The fixture leaves free and unencumbered the region between the fixture and the
airfoil which amounts to at least seventy-percent of the region for an airfoil of about three
inches to nearly ninety-five percent for an airfoil of about twelve inches. In addition, the
fixture does not extend beyond the pad. This provides room for the welder to manipulate
the welding device and facilitates welding.

20 After completion of the deposition of the hard face material, the rotor blade is
removed from the fixture, encapsulated in a block of material to provide datum for the
machining operations and machined to its final contour at the root platform and shroud
sections of the rotor blade. Alternatively, the airfoil might be fixtured in a hard point
fixture which engages other datums on the airfoil.

25 Although the invention has been shown and described with respect to detailed

~ embodiments thereof, it should be understood by those skilled in the art that various
changes in form and detail thereof may be made without departing from the spirit and the
scope of the claimed invention.
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5 “fixture mght be a used rotor blade or a new, partially formed rotor
bl.ade as di scussed bel ow. The—ﬁ%e—%hewn—r n

expl oded fashion to show the relationship of diff nts of
the fixture COAIMSgs 16, 18 of 'the rotor bl ade. T a !ﬂﬂ" or bl ade

m ght extend laterally (circunferentially), such r m ght
extend axially such 10 as the notch face 18. The materlal S dep05|ted on
a substrate wg ?‘Wd rotor blade or on a partially formed rotor

bl ade to formt aces of the shroud shown on the finished rotor

bl ade. For exanple, parent naterial nmight be deposited on the lateral face
and hard faC| ng erj al ,deposjted on t{he axial, cross notch face.

Accordi ngl y,L-r ef &éﬁgﬁbdﬁm region ofmatqrg@g ashrond fage lacation fasia ratort hat

foIIowareW I C hi s

di scl osure. hél‘é‘tdl‘%l&ﬁ@‘]#lﬁ$ egéj‘gh %gbﬁa@gﬁn%@, gﬁmﬁégé“ E)lsed about
a spanwi sel yextentlingdparpvisely auiwardlyﬁ'omt'ﬁhfi*oéﬁebﬁw, ﬂghﬂﬁﬂ%d:twd&t‘andmgcept for
the substrate a d rJtchface i S_conmon finished, a partially

finished, ard resnest toghe aisfoilrthe Shmdwoad:@mzafgnaed ofra:firstmaterial and
hawngaro tf:0rm s t|on
has a first %@g%ﬁ%ﬂ%ﬁ@gmgo se éﬁgﬁ%ggﬁ’gﬁ%‘fﬁ%?@%’ﬁ{) J&"Wg véecond
end 34. 10n 3jatl surface awhichdiices the platforniseétion ofithe aitil) cbmpAsihgnds spanwi sely
fromthe first end to the second end. The second
forming a pool of molten material adjacent the substrate by melting material at the
substrate location on the shroud;
blocking the flow of molten material to the flow path surface of the shroud by
. urging a pad against the flow path surface of the shroud which closely conforms to the
15  contour of the flow path surface and which extends beyond the shroud;
cooling the molten material and shroud while urging the pad urged against the
path surface of the shroud until the .

molten material is no longer in a molten state.

20 2 The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud includes urging the pad with a resilient force such that the pad resists movement
away from engagement with the flow path surface of the shroud with a restorative force.

25 3. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud includes engaging the rotor blade outwardly of the root section of the rotor blade
to orient the pad with respect to the flow path surface of the shroud.

—_—
—————
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end i:ncl udes the shroud. The shroud has a first side “

Wwhi ch extend |aterally with respect to the airf m“ M"H'Iﬂlﬁﬂl g.
1A is anassenbl ed view ofthe fixture shown in Fig. 1 and shows t'he®fikture
25 14 in #4ts offhe aiethod for disposimria regiun ofomaterial bt @ shroedi fave location foral rotor
formed rotor, hlade 10 The shroud,of the tially forned bl ade has a
substrate, bkéﬁogglmal%&m%ﬁm @nwmprotopgfad?ee aelly of therreghed

material. A Yise!
substrat e. lgé"‘rﬁg ?ace #gterl éﬁr&fé&atg% ﬁ%ﬁ% S%ésg?‘g e un?g? ?fr}le‘e har d
face nateri shroud mcludextlfspohingm lstractdrd:mlyumt thé eotopblade vhich ehgapes then.

Thereafter, the bl ade, wi be 30 rrachlnedtgit final for wW,th. the
fi ni shedd noPatapdensgaging Plﬂgo%WO%Pﬁﬂ'ér@iﬂ sppporting and, positioNing ed at

ts E?oﬂgt f\gsf gﬁ%e? oW papﬁéggt?? secﬂan ﬁ%t\l}f’ ﬁ%togﬁhagomf : Pglt gs i éeazg zlng al'sb\ecz)gg
~side 46. The fixture 14 has a pad 48 having a surface 50 and

5. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 3 wherein the step of engaging the rotor blade outwardly of the root

10  section of the rotor blade to orient the pad with respect to the flow path surface of the
shroud includes disposing support structure adjacent the rotor blade which engages the
pad and engaging the shroud section of the rotor blade for supporting and positioning the
pad from the shroud section.

16 6. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud includes disposing a metal pad adjacent the flow path surface of the shroud having
a thermal conductivity that is greater than the thermal conductivity of the shroud and
molten material and wherein the step of cooling the molten matenal includes transferring

20  heat from the molten material adjacent the shroud and pad at a greater rate than the

material adjacent the shroud and wherein the step of blocking the flow of moliten material.
to the flow path surface of the shroud includes the step of increasing the viscosity of the
molten material adjacent the faying surfaces of the shroud by transferring the heat at a
greater rate from that location than adjacent locations adjacent only to the shroud.

25 .

7. The method for disposing a region of material at a shroud face location for a rotor
‘blade of claim 6 wherein the step of urging a pad against the flow path surface of the
shroud includes disposing a metal pad adjacent the flow path surface of the shroud having
a predetermined thermal capacitance and wherein the step of transferring heat includes

30 limiting the amount of heat transferred such that the pad does not act as a heat sink
transferring too much heat out of the molten material and causing cracking of the molten
material.
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7 means, that is, an assenbly, as represented by the assenbly

far urging the pad into " engagenment with the [“ | Nln E
of the shroud. The pad 48 has a surface 50 V\A nmlﬂﬁ “H d
engage the flow path surface 42 of the shroud 12 of* t ke totBr °

- The fixture includes a base 54 which is adapted to" engage the

root sectiord-24 dfhe method fos dispesiag a pegien-of mnﬂasgmdiaqsdg@age oI 180T ng

he ot or -pitied Se5ikiR { et U 8261 drging 599 BREH G AP path Sihac BEES, 70
that are pershfsuddsachedes disposifig & Hidtad pad Bdjacent the fldvepath sﬂi*r&elbﬁﬁemr&itih%

integrally formed with the assenbly that urges the pad into engagenent vmth
t he fl owdpatapredeterminad;th e@aheapagtmmemtwhmthgstepw@mmwmmu@st he

Ao i cant s R 18 afignd O R eisfelg such it e B Aoy ny e i oy Sk
\Thxt Er e For -tfankleiritig tBb afith BeitGut of the nhélfénm&xﬁfan&hmmgtd?&ﬁ&t St'thé@moftEn
I C S
material.

10 o The method for disposing a region of material at a shroud face location for a rotor
blade of claim 5 wherein the step of engaging the rotor blade with support structure
includes orienting the support structure for the pad such that the support structure does
not extend laterally beyond the pad and does not extend radially a substantial distance

" between the platform of the blade and the flow path surface of the shroud.

15
10.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the 'pad has at least one axis of rotation and wherein the step of

. urging a pad against the flow path surface of the shroud includes the step of rotating the
metal pad about at least one axis of the pad as the metal pad engages the shroud such that

20 the contour of the pad is closely matched to the contour of the underside of the shroud in
a faying relationship. |

11.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 10 wherein the axis is inclinable with respect to the surface of the shroud

25  and wherein the step of rotating the metal pad about at least one axis of the pad includes
inclining the axis of rotation with respect to the flow path surface of the shroud.

12.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of cooling the molten material includes transferring heat

30 from the molten material adjacent the shroud and pad to the pad and heating the pad toa
temperature which is less than one-half the melting point of the pad.
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i ncorporated herein by reference and is di scussed with rekwww wﬁﬂ ﬂ
7 .and 8. The base has a first surface 60 fa c S d
boundi ng a portion of the 15 = passage. A second surface 62 di sposed across

t he passage FacesThamethed for disposingarégion of materiabatra shooudoface lmeaqimsﬁ:ageoﬁcofhe
f d { f 1 xt £ t | d 28, 32 ,of, the - | at
sect i on 26, ke ot ke dng 895 F poaling the Mot utaterilinelides tamsteripeieng
of the frotA SRSl EaaNRAS ddfatehtthy sﬁrbﬁ&'hﬁd‘ﬁ]cf {o'thé mﬁcﬁﬁ&ﬁﬂg %éoéaa 8 gcond
h b e section the

surface and adapts the ase to recelve roo

rotor bl ade.temperature whichii$ lessthan one-hgif the melting\point of the path 64 havi ng a pair
of arns , 68 extendi ng | aterally. The arns are spaced apart |eaving
a gap G ttherebetween which adapts the clanp to extend on either side

o e o T B85 P, o i P °
ar ms tbladecoflclaim Gaghereindhostep bfcoolitig sheoltérempleriall includesarinsferringf heah e
rotor blade..ln the 25 operatiye condition as shawn in Fig. | A the
platform secﬁ’?’ﬁﬁﬁq g0 ‘T“"a‘ﬂ%@ﬂaﬂa ¢ shroyd ﬂ%dSPa to the pad anctheating thecnad to e
R g R e T
urging 10 the arns 66,68 of the clanp against the platformsection of
]E Ih I‘GS { © ; (r)urj g lfslaﬂﬁ i C’ﬁpegq%ﬁéi grtqi,@oaipgfg%é;igg Eé mgfae:?ialaat ges%?ou%thcﬁloaotl%%efgr gf'fotg? > e
blade of claim 4 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
- temperature which is less than one-half the melting point of the pad.
156
16.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 5 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the padtoa
temperature which is less than one-half the melting point of the pad.
20
17.  The method for disposing a region of material at a shroud face location for a rotor -
blade of claim 6 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.
25
18.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 7 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.

-_—
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30 ° ¢lanp and a second end 88 which is adapted to engagﬁmm"mm”;ﬂmsl
screw fastener. The spacer further has an opening el "om
tthe first end to the second end of the spacer and Whith laddpt s t ke

spacer to reqj vemammmf&kweg&mal al &sli¥Bud face location for a rotor
alternate construction, the screw fastener is nade as a one piece

8 S, .
assenbl y havblade of claig@ wherein thestepafcaoling the,moiten matariabincludes ransfonring heat

i . ' 8. A
0 ound. ass e g molten RafdAl Reenf g shtid snd BAFHS \pé pad 358 heting it patde 2
channel . Thet@ﬁmﬂienglﬁblhmkssiwﬁnmwﬁeltiﬂgpoﬁﬂaﬁﬂﬂﬁah.inr00t section 24

of the rotor blade el enent during the wel ding operation. el astic
el ement, s represented by the spring 98, is adapted to exert a force

agai nst the 55 The method for disposing a region of material at a shroud face location for a rotor

. blade of claim 9 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.

10
21.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 10 wherein the step of cooling the molten material includes transferring
heat from the molten material adjacent the shroud and pad to the pad and heating the pad

- to a temperature which is less than one-half the melting point of the pad. -

15 |
22.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 11 wherein the step of cooling the molten material includes transferring
heat from the molten material adjaéent the shroud and pad to the pad and heating the pad
to a temperature which is less than one-half the melting point of the pad.

20 _

23. A method for disposing a region of hardened material at the notch face location
for a rotor blade, the rotor blade having a root section, a platform section, an airfoil
section extending spanwisely outwardly from the root section, a shroud section extending
laterally with respect to the airfo, the shroud section being formed of a first material,

25  having a substrate which adapts the rotor blade to receive a hardened material and a notch
face location for engaging an associated face location on an adjacent airfoil, and having a
flow path surface which faces the platform section of the airfoil, comprising:

engaging the platform section of the rotor blade on opposite sides of the platform
section to restrain the rotor blade against movement;

30 electrically grounding the rotor blade though the root section of the airfoil;

melting hard face material at the shroud notch face location by welding a second
material to the shroud which includes the step of passing a direct current electrical afc
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groumdi ng bl ock to urge the grounding block into abutti nﬂlmmmmnmm“me
rotor bl ade under operative conditions. ‘Alternativ

el ement nmight be a pneumatic or hydraul i ¢ devi ce.

"~ shown in Fi ghroliglathe shrbuﬁlmtchlﬁce/l’obitlowtolfaﬁu,nhsmdnd ntamabhaﬂihg allihrdﬂesbﬁtJSI ng
assenbly 52 is the assenbly for urging the 0 eng nt with the
fl ow path opﬂangﬁmmnéﬁgqtpwsﬁ%@anm s-'b? ﬁﬁ&ﬂﬂ? yed rotor bl ade.

0 " Ao 1 cat | on CRSRRBAR ¥ of molsyiBd Sndkial 151G 67 plch Ml QUE "

whi ch i s ablbg urginga grta pad dgigst itisflow pathisnriReesoftie ﬁﬁoﬁdlwhﬂéweidlx'a?gthepat h
surface of the shroud. Exanples are gneumatlc or, hydraulic devices attached

toa O sacondamatenal to,theshrayd notchfacs, the haying; 3% deagtoneaaxis oft  bot h.

end o " ofRGE A eRER d&%ﬁ%ﬁ%@éﬁ%ﬁ*aﬁ%@ﬁ sl o Bt e A o BEE

as a spring a$ ihe meétdl pad enga %s%ﬁ@ﬂﬂ&xdﬁlchh&tw&hﬁbwmﬂﬁt&ﬁét@tﬂd rst
|

end 114 whi'ch engages the rst end of the 20 passage and a second end

116 whi ch f sestoubof the uaderside ofthe shnowdiin a fayingxelationship md such thatphssmatgbpadrhe

end 124 oxt aRPiyefE e Boalllblock I8 RN ordffen evosl S B i Hinp38 "

whi ch adept surface of thé\éhr&ad arfidowhiek Ricklesthe3tép of increasing the wscos:ty of the molten
material adjacent the faying surfaces of the shroud and pad by disposing a pad having a
higher thermal conductivity than the molten material and the shroud.

).

. 24. . The method for disposing a region of hard face material at a shroud face location
16 for a rotor blade of claim 23 wherein the step of cooling the molten material includes
transferring heat from the molten material adjacent the shroud and pad to the pad and
heating the pad to a teinperature which is less than one-half the melting point of the pad;
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An arm 128 extends through the channel 126 of the bar 118 to slidably
engage the 25 bar. Fig. 2 shows the pad 48 in the engaged position and
the pad 48a in the non-engaged position. The armis noveable
outwardly by nmovenent of the bar and laterally by’ rel easing a

fastener 132 to enabl e nov D FOR APPLYE o i ons shown in Fig.
2. The screw fasf@% o‘r.o Aval=yare -f:;t [ g%fgtends t hr ough
t he channel. The S e FLAYY PIRLC, % rmto secure
t he arm agai nst novenent once FOB AGAS TURBINEENGINE {5 the correct

| ateral |ocation, as shown in Fig. 2. Fig. 3 is a side
el evation view of the shroud 12, of the pad 48, and of the arm 128 of

the assenbly 52 for urging the pad i nABSTRAGIent with the flow path

surface of the shroud. The arm of the assenbly 52 has an opening 142
bounded by a first surface 144

A method for applying a material to the face 16,18 of a rotor blade 10 is disclosed.
The method includes blocking the flow of molten material to adjacent structure of a rotor
blade by disposing a pad against the structure.

This Sheet Has Been Reilaced

Ay

20
EH-10060



9 havi ng the contour of a-portion”df a sphere and a cylindrical

*.surface 146 which extends fromthe first surface. The cylindrical
. .surface is disposed about an axis Alerr]: The axis Alerr] ext ends
- through the center of the sphere. The pad 48 has a first

“surface 148 having the contour of a portion of a sphere. 5 The first

surface rotatably engages the spherically shaped surface 144 of the arm

128. A cylindrical shaft 152 exends fromthe first surface. The
cylindrical shaft has a axis rotation of Alerr]. The axis of rotation
Alerr] is alignable with the axis A[er1f40f the opening in the arm
such that the shaft is disposed in the opening and spaced radially fromthe
cylindri cal surface of the arm This enables the pad to displace
itself slightly by inclining the axis Alerr] 10 or rotating about the
axis A . The surface 50 of the pad is a second surface on the
pad 48 havi ng a contour whi ch closely matches the contour of the flow
path surface 42 of the shroud. The second surface adapts the pad to

engage the flow path surface of the shroud apd extends laterally
beyond t he hard fac%f(gc tion of the shroud| gid beyond t he edge of the
shroud such that 15 hd pad in the Bh ef pgsition blocks the flow of

nolten material to the flow path s e;yof the shroud. Thus, the
second surface closely matches the cq t
L 18
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shroud to an extent which avoids deposition_of an unacceptabl e amunt of
mag erial on the flow path surface of the shroud and insures that any

deposition is within acceptable linmts - Thisgh ated ¢ and
structural concerns. As will be realized, in jt - s the 20
anount of deposition may require a small anou bring the flow

path surface within acceptable limts. This mght occur if the second
surface was deliberately contoured to provide this result for reasons
unconnected with aero:spaﬂlc or structural concerns. |

Fig. 4 schematically “gdfeskents t depoQif4on of the hard face npt eyl
154 at the 25 notch fAed ok ‘ 381-6)%41@ shroud. As sholh ”F '0a4,
suitable welding wire : g‘! N

An arc of a (Mg 1t Ar ci

and heat to ?ﬁgl&gr&4%rw-=
weld wire and hard facg(e
Fig. 5 shows the hard s Tal A i < T
process. The 30 N eri i ggg k .,4% sl 52
t he shroud. The har &R ‘ Al s

the shroud to a slight)
bet ween the pad 48 and
material which may ext
that it 76 ~

. FIG.9
' PRIOR ART



10 ° * .results in a projection of acceptable size that does not require

f.urther rework. For exanple, in one particular trial, the projection
mﬁthout the pad (see Fig. 9) was nearly one-si xteenth of an inch

(.0625") and comonly an eighth of one inch (.125") depenﬂh eet Has BeepRe ﬂmd

skill of the welder. Using the pad wth hundreds of rotor IIIIH

|l engths 5 varying from about three (3) I nches to tmelve

on that was ess J@ﬂn ten thousandt hs of an
ace roughness neasur§ that is |ess

0 one-hundred and fifty mcro inches (90-150

. OJeQ%énlmas aerodynam cal |y acceptabl e and

FIG.6

resulted in a proje
inch (.010") wth A
t han the range of
mcro i nches

264
258 '




ffhrshing of the flow path surface of the shroud. In fact, in mny-
applications, the 10 projection was |ess than five-tHq dpangt snof an i nch

with a surface roughness nmeasur enent Ra that was y

m cra-i nches. Figures 6, 7 and 8 are a vi ate
enbodi nent of the construction shown in Figures 1 i's
enbodi nent, the rotor blade is supported by a separ ate base 304. 15
As shown in Fig. 6 and Fig. 7, the shroud has a flow path surface 42 having
a first side 44 and a second side‘#G The fixture 214 has a pad 248
having a surface 250 and an assenb [4as represented by the assenbly

252, for urging the pad into engagenent with - the flow path surface 42
of the shroud. The assenbly has a pair of jaws 254,264 which

rotatably engage each other at a pivot 256. The pair of jaws is fornmed of
the first jaw 20 254 having a first end 258 and a second end 262; and,
the second jaw 264 having a first end 266 and a second end 268. The
jaws are di sposed about and noveabl e toward an axis Alerr] of the
assenbly by an elenment, as represented by the spring el enent 272, for
urging the first end of the jaws apart and the second end of the jaws

t oget her. The first jaw has a first side 274. The first side
has a pin 276 and a pajd of spaced 25 ~@part surfaces 278. A first
appendage 282 is disposed b& weep t he sunfaces. The
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FOR A GAS TURBINE ENGINE

" CROSS-REFERENCE OF RELATED APPLICATIONS
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¥20
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This application relates to the following co-pending U.S. Applications filed on
even date herewith and commonly assigned to the assignee of the subject application:
U.S. Application Serial No. (EH-10128), entitied A FIXTURE FOR USE IN
DISPOSING A REGION OF MATERIAL Oﬁ THE SHROUD OF A ROTOR BLADE,
by Ittleson et alia, and U.S. Application Serial No. (EH-10129), entitled CLAMPING
FIXTURE FOR A ROTOR BLADE SHROUD, by Ittleson et alia.

TECHNICAL FIELD

- This invention relates to axial flow rotary machines and more particularly to a
method for forming the face of 2 shroud on a used or partially formed rotor blade for
such a machine.

BACKGROUND OF THE INVENTION

Axial flow rotary machines, such as gas turbine engines used for the propulsion of
aircraft, have rotor assemblies disposed within the engine. Each rotor assembly is used to
transfer energy between the rotor assembly and gases flowed through the engine. The
rotor assembly is commonly provided with rotor disks each having a plurality of rotor
blades. |

Each rotor blade typically has a root which adapts the blade to engage a
corresponding groove in the disk for retention of the rotor blade. An airfoil extends
outwardly from the root and has a convex side and a concave side for interacting with the
working medium gases. The rotor blade may also be pro_vided with a shroud, such as a
tip shroud at the outer end of the airfoil. Each shroud has laterally (circumferentially)
extending faces and axial e:&énding faces. An examﬁle of an axially extending face is the
notch face. The shroud extends circumferentially to,gggﬂe.shmud of each of of the
adjacent rotor blades at the notch face. " |REPLACEMENT SHEET
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sI I dably and rotatably attached to the Jaw and pgﬁﬁﬁQEm wor t he
axial and | ateral directions. : 2 4 of the
dssenbly 252 faces oppositely to the fi rst and geg¢o ' Es_ 274, 288
of the first jaw 254. The second jaw at the sec¢n sposed 5
laterally between the first side 274 and2t he sef¢om the first
j aw. The second jaw has a surface 302 whi th adapts the second jaw to
engage the non-fl ow path side of t he shroud: —JAS shown

in Fig. 7, the Mm@&ﬁdﬂmdfdmmkcﬁmedmhmmlzdw:ﬁd\emrbmpmmgm@ﬂz
rotated and noved Iaterally,and {t tothe first_side 274
of the f I rautwaelly a0ss the i ety e So0g Bladss TREve SRR

ss

t 44 of
¢ Eﬁagﬁfouﬁﬁi%@%@“ﬁ?‘“ Rath Eétgg“n'd the rotch $sciby e s S of Kfltion® 14° 18 0
such that theceompicssidreskction] tRelfbtorsbladesittansfepenergy tocthe gases tocompiess ther f ace

250 of the pad e ges he flow ath syrface of the shrou The
surf ac® 258pseeas the ot rl?ﬂa eﬂﬁé"g gotor g‘é(

gﬂbts[]gnfrg{esﬁepara %ﬁﬁéﬁ$w&ﬁgﬁﬂﬂ&§%@amﬁg S romc? %e pad

extends | agempatatyreeyond the notch face location 38 of the shroud 12 (the
di stance between t he notch face lgcation.38 and the substrate 36 is
exagger at ed) t oTkesg Ayausting sas Sigwg dadyce vibrations in the blades which are damped by

shdlng friction as the shrouds rub against each other. Such rubbing causes wear. The

10  notch face of the shroud at the point of contact has a hard facing material to extend the
life of the rubbing surfaces on new blades and is replaqed on used blades after the notch
becomes worn. .

The present invention is concerned with a fixture and method for disposing shroud
material, such as a weld material for hard facing a cross notch, on the substrate of a used

15  rotor blade or on a new, rotor blade which is partially formed. Accordingly, the term
“rotor blade” includes a partially formed rotor blade having 5. substrate that adapts the
rotor blade shroud to receive such material, or is a used rotor blade having a portion of
the shroud surface machined away to form a substrate prior to restoration of the rotor
blade.

20 One method of providing hard facing material to a shroud is to melt hard face
material at the notch face by passing an electrical current through the material, such as by
welding. This results in a pool of molten material. The molten material is used to build
up the thickness of material on the notch face as it hardens. Unfortunately, the pool of
molten material coats the top of the shroud, coats the flow path surface beneath the

25  shroud and extends radially past the notch face surface as it hardens.

It is relatively straight forward to remove the deposited material from the top of |
the shroud because this is not a flow path surface and is easily accessible during the rotor
blade fabrication process. The underside of the shroud is a different matter because it
includes hard face material protruding from the substrate and attached to the shroud. The

30 protrusion adds weight to the shroud at a critical location and disrupts the aerodynamic
smoothness of the flow path surface. The once molten material, now hardened into a
lump of hard face material, is removed froin the under side of the shroud to decrease
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that the pad | the

surface 42 ofthe shroud and beyond the .shroud sjcfi

engaged position. I s adapted to bl ock the fI m‘\) orial to
tthe flow path surface of the shroud. 20 t’é ‘a de \/-“1 ew of t he
fixture 214 and the unfinished (partially forngd) -0k 4l gde 10

shown in Fig. 2 in the engaged position. 3Fig. § shows the appendgges
282, 296, of the fixture engaging the |ater the flow

path sur f acretatipnalfstrassessinithe shroud to acceptableilevels and tofogm agusfaemhavingatse 304
for engagin de 1 support the rotor bl ade as the
hard faci ngﬁﬁﬁ’g&é %ﬁ&)[n%?% g’&?& During operation of the
fixture shown i nOfm E@histéﬂﬂndﬁ!endﬂie%@hﬁ%aﬁﬁcﬁrasb?h@éofahmdﬁ&lm i's

installed in the flxture and wel ded. Each bl ade is quickly renoved and a :
new tiandes or haadsheld surfage grindes.s Such waek tsnmms.t@mwﬂlytugmem ng

Lgngg(raer tg'irtd%ggg oﬂ"awgﬁp@%h%g?{j *Pta%&gm}l ni 5@%8 tX much
better dat Ujochtifig @ pariAlpfopned bansﬁalﬁwhdwr tadpaditing isannfichire, tﬁﬁhasilz are

easily noved, conpressing the spring. Theg_ﬁgd LS m)ved into p03|t|on
agai nst t hesubstrate which reesgs ¢ I method is to-rigidly suppastithei ng

ceur Tor TRt S wl Silisile gpecarioh 8 Sesplod 168 parBlfy Bptlhd i BE AR Tolf ™
rotor bl adesiades A bstonbluddivithlgn unfiriished eddtsis difficalt ielocite ubing ke foofths ¥ f or ned
10  datum for the machining operation because the location of the shroud then has much
variability in a locating fixture. Using a cast block datum around the airfoil is an
alternative, but the block prevents access to the underside of the shroud and prevents
removing material from the flow path surface located there.
Accordingly, scientists and engineers working under the direction of Applicants’
15  assignee, have sought to develop a method and an apparatus for use with the shrouds
rotor blades which decreases the difficulties associated with removing hard face material
from the flow path surface of the rotor blade shroud.

SUMMARY OF INVENTION

20 This invention is in part predicated on the recognition that a very small amount of
bhard face material may be tolerated on the flow path surface of the shroud providing its
mass and its roughness and any protrusion from the surface into the flow path are no
greater than limits which are much smaller than the protrusion that presently results from

 depositing hard face material. For example, for typical rotor blades it was recognized that

25  aprotrusion is acceptable providing the protrusion is no greater than ten thousandths of
an inch (.010”) with a surface roughness Ra measurement of ninety to one-hundred and
fifty (90-150) micro inches as measured in accordance with the procedures set forth in
specification “ANSI B46.1 - 1985 Surface Texture” available from the American National
Standards Institute.

30 According to the present invention, a method for forming a region of hardened
material on the notch face location of 2 rotor blade includes melting hard face material at

the notch face while urging a metal pad against the underside of the shroud to block the
flow of molten material to the underside of the shroud.
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12 nature of the blade and slight differs
blade in the fixture A new type of rotor

diffierent size pad 48 which is easily install ¢

t hreaded fastener 132, sliding the armout of ¢ng a@@mw ‘ sing a
new armw th a pad attached in the fixtude or inrermwng ; clip
retainer fromthe 5 shaft 152 ofthe pad and r4gpl : pad with a
| arger pad. In accordance with @n® aflbdfimest oTake ¢

aihtich Bt of into a
faying relationship with the under si de of e I ow pat h sur?gce of
t he shroud tbqpadewmtb:shrpgdwsluﬂcagnswns&mt%oﬁtheshroud‘um%mp@toﬂy and

to incline tﬁghtlly wWth respect to the axis Alerr] ofthe opening inthe arm
128 of ’
' In accordance with still another embodiment of the present invention, the step of

§ urging the pad against the shroud includes applying a force along a line of force to the pad
at a first location and rotating the pad with respect to the line of force to orient the pad
substantially parallel to the underside of the shroud. '

In accordance with one embodiment of the present invention, the step of urging a
pad against the flow path surface of the shroud includes urging the pad with a resilient

10  force such that the pad resists movement away from engagement with the flow path
surface of the shroud with a restorative force.

In accordance with one embodiment of the present invention, the step of urging a
pad against the flow path surface of the shroud includes engaging the rotor blade
outwardly of the root section of the rotor blade to orient the pad with respect to the flow

15  path surface of the shroud.

In accordance with one embodiment of the present invention, the step of engaging
the rotor blade outwardly of the root section of the rotor blade to orient the pad with
respect to the flow path surface of the shroud includes disposing support structure
adjacent the rotor blade which engages the pad and engaging the shroud section of the

20 rotor blade for supporting and positioning the pad ﬁ'om the shroud section.

In accordance with one embodiment of the present invention, the method includes
transferring heat from the molten material adjacent the pad at a greater rate than the
material adjacent the shroud and the step of blocking the flow of molten material to the
flow path surface of the shroud includes the step of increasing the viscosity of the molten

25  material adjacent the faying surfaces of the pad and shroud by transferring the heat at a
greater rate from that location. |

In accordance with one embodiment of the present invention, the step of
transferring heat includes limiting the amount of heat transferred such that the pad does
not act as a heat sink transferring too much heat out of the molten material and causing

30  cracking of the molten material and heating the pad to a temperature which is less than
one-third the melting point of the pad material.

In accordance with one embodiment of the present invention, the step of engaging
the rotor blade with support structure includes orienting the support structure for the pad
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the assenbly 52. Thus, the pad is quickly seated in the event that
engagenent of the 10 clanp with the platformsection of the rotor bl ade
has caused a small m salignnent ofthe rotor blade in the fixture. A
particul ar advantage is the engagenent of the airfoil outwardly of
the partially forned root. This elimnat®s variations in engagenent
associated with such a root and speeds Set up tine in the fixture.

The thermal conductivity of the pad 48 is greater than the thernal
conductivity of 15 the hard face material 154 and the shroud 12.

At ungsten pad, which has been used to good effect, has a thernal

Conduct | vi T4Fh s thecSuRBRTE Sucrle A9PS POLTEF ey betprdiine pt and dpes ot
T 2 LBy plARal dh St S e i TR (1
mat eri al aslyrfaceof thelskrobdne of fayi ng contact between the 20 shroud and
mmter sl To A DTG N Ethg PEERAROR e 58 BiCn BRI gareal
|£aKE0% o OB ok A . A R ol B g
nul ti pl i edpditotatemperatiré whichapproathes its selting goints Anotherifeaturetistranstéring such
of ol t n et adibcemt 6 ag feuface oB e ped Sibe g ath Bt PHEh EERE VR ral -
Lconduct i Vi fpend sheBhdtd ifkdebse the Pisdsith Of IHAdlRh Hidiélal 3 'the pad location.
A principal advantage of the present invention is the efficiency and cost saving
10  which results from eliminating the need to finish the flow path surface of the shroud by
using a pad for blocking the flow of molten material from the flow path surface of the
shroud or blocking molten material from extending toward the airfoil beyond the flow
path surface of the shroud. Another advantage in one embodiment of the method is the
ease and speed of installation of the pool of molten material to the pad and the blade
15  shroud which results from orienting the support structure for the pad such that the
support structure does not extend laterally beyond the pad and does not extend radially a
substantial distance between the platform of the blade and the flow path surface of the
shroud. An advantage is the quick seating of the pad against the flow path surface of the
shroud in a faying relationship which results from contouring the pad to a contour which
20  closely matches the flow path surface of the shroud and rotating the pad about an axis and
inclining the axis with respect to the lateral direction of the shroud. An advantage is the
durability and integrity of the weld material which results from limiting the amount of heat
flowing to the pad to avoid a significant heat sink adjacent the hard face material. Still
another advantage is the blockage of molten material which results from increasing the
25  viscosity of the molten material by transferring heat at a greater rate than into the shroud.

REPLACEMENT SHEET
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the shroud, the thermal capacitance of the pad is such
mol ten materi al i's avoi ded. . The el
pad is greater than the nelting point of the“shroud or
material. This avoids attaching the pad to the shroud.
two, 30 three or four tinmes the noltenématerial is de
factor of safety. In fact, a tungsten pad w || hd
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Fig. 1 is an exploded perspective view of a finished rotor biade 10 having a shroud

12; and, a fixture 14 for use in disposing a region of material to the

shroud of a rotor

blade. The finished blade is shown-for purposes of explanation. The blade used with the

5 fixture might be a used rotor blade or a new, partially formed rotor
below.

blade as discussed

The fixture is shown in exploded _ﬁshion to show the relationship of different

- elements of the fixture to faces 16, 18 of the rotor blade. The face of the rotor blade
might extend laterally (circumferentially), such-as the face 16, or might extend axially such
10  as the notch face 18. The material is deposited on a substrate of a used rotor blade or on
a partially formed rotor blade to form the faces of the shroud shown on the finished rotor
blade. For example, parent material might be deposited on the lateral face and hard facing
material deposited on the axial, cross notch face. Accordingly, references to the notch

face and hardened material that follow are exemplary in nature and
15" of this disclosure.

do not limit the scope

The finished rotor blade is shown disposed about 2 spanwisély extending axis L,.

The following description, except for the substrate and notch face, is common to a
finished, a partially ﬁmshed, and a used rotor blade. The rotor blade has a first end 22
having a root section 24 and a platform section 26. The platform sectior has a first side
20 28 and a second side 32. The rotor blade has a second end 34. An airfoil section 35
having a length L, extends spanwisely from the first end to the second end. The second
end includes the shroud. The shroud has a first side and a second side which extend

laterally with respect to the airfoil.

Fig. 1A is an assembled view of the fixture shown in Fig. 1 and shows the fixture
25 14inits operatively engaged position with a used or 2 partially formed rotor blade 10.
The shroud of the partially formed blade has a substrate, such as a notch substrate 36, for
receiving hardened material. A notch face location 38 is spaced laterally from the
substrate. Hard faced matecial is applied to the substrate until the hard face material
extends through and beyond the notch face location. Thereafter, the blade will be
30  machined to its final form, with the finished notch face 18 on the rotor blade extending to

and located at the notch face location 38.

* Asshown inFig. 1 and Fig. 1A, the shroud has a flow path surface 42 having a
first side 44 and a second side 46. The fixture 14 has a pad 48 having a surface 50 and
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A particul ar advantage of the present inventi or1_ .S..avoi-di-re—or) reduci ng the

necessity of finishing the flow path surface] it
l" d

and hand sanding of the flow path surfg i s one way of
renpvi ng excess nolten mat eri al which ot he,t ol 1 e for
aerodynam c purposes. This is an undesirabl ey } 2‘@‘ AN terns of
time and inpact on personnel perform ng“the dpg . Bre repetitive
notion of noving the grinding wheel with respq P to obt ai n
an acﬁﬂﬁis?ﬂia?lsfhxﬂts%&ntﬁ?tﬂq eprestatedbythe asemblyse:fo r-"?zs.n the
shroud may adversely

teet nuscles and tend he ar ui red
to repeat edengagementrwith the flowpathy surface 42 of the shrpyd; | ‘8\9@ ‘%%&?ga

{1 ow path < bichAdaplE e 2rtn sBiagbE AN pany K lnﬁfﬁﬁ‘ﬂﬁﬁ'}’“‘égﬁ grHR B 1w

path surfacgade. of the shroud resulting in scrapping of the part.
A particular advantage of the construction shown in Figs. 6, 7 and s the
ori entaton of t Mhefixteeincipdespbase 54 whighs adapted o engag h the

fgﬁfﬁg OFO;FM Wﬁﬂhgﬁag%ﬁ?%i%%§§6 l@ﬁ%% éﬁeﬂ%eﬁ eavgﬂ%*ee&gﬁg&% s

unencunber edadefiR thefirsPEndOES SRAE rétbEbIade: t THechaddshippbets the rotor blade during
- operations that are performed on the shroud of the rotor blade. The base might be
integrally formed with the assembly that urges the pad into engagement with the flow path

10  surface 42 of the shroud, or the assembly urging the pad might be separately formed from
the base as is shown in Applicants’ application Serial No. (EH-10129), entitled Clamping
Fixture For A Rotor Blade Shroud, by Ittleson et alia, the material of which is
incorporated herein by reference and is discussed with regard to Figures 6, 7 and 8.

The base has a first surface 60 facing outwardly and bounding a portion of the
15  passage. A second surface 62 disposed across the passage faces outwardly and bounds a
portion of the passage. The surfaces adapt the fixture to engage the sides 28,32 of the
platform section 26 of the rotor blade 10 in its unfinished condition. The opening of the
passage extends inwardly from the first surface and the second surface and adapts the
base to receive the root section 24 of the rotor blade.

20 The base is prdvided with a clamp 64 having a pair of arms 66,68 extending
laterally. The arms are spaced apart leaving a gap G therebetween which adapts the
clamp to extend on either side of the airfoil section 35 of the rotor blade. Each of the
arms has a projection 72,74 which extends from the arms. The projections adapt the arms
to each engage one of the sides of the platform section of the rotor blade. In the

25 operative condition as shown in Fig. 1A, the platform section is tfapped between the arms
of the clamp and the outwardly facing first and second surfaces 60,62 of the opening 58.

A screw fastener 76 has a rod 78 that threadably engages the base 54 for urging
the arms 66,68 of the clamp against the platform section of the rotor blade. The screw
fastener has a head 82. A spacer 84 has a first end 86 which engages the arms of the

30 clamp and a second end 88 which is adapted to engage the head of a screw fastener. The
spacer further has an opening which extends from the first end to the second end of the

spacer and which adapts the spacer to receive the rod of the screw fastener. In an
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airfoil which amunts to at | east seventy-percent Of

airfoil of about three i nches to nearly ninety- an
airfoil of about twelve inches. In addition, the 3 Mot
extend beyond the pad. This provides roomfor the v &mqu ufate
the wel ding device and facilitates wel di ﬁg 20 After cg% pt{ on of
t he deposition of the hard face naterial~ the rotof bl ade S noved
fromthe fmkmmcoemmgmtm@mw isanadefas gwne plegt 2 ackpaken f or
t he chi er felaloo:1y chined to its flnal 't he

r oot plath q@m L of the rotor blade. Alternatively,
the airfoil m gmmalwéﬁﬁdshwﬁ&b&meb 58. Afgr xﬁwﬁseﬂiblﬁbtsengages
ot her datuns on the al rfoil. 25 . Al t houg the I nventi on has been

shown and decludesisgrowding blook f6disposediiaithe chagnel. Th mmm%sm%ﬂo i t
=houl 0 B Rgo bR e AR b P B A . 4
and the  elastic ele@RntObs fepreséiited BPthe isprirt'98, &adapted to exerl:aforceagmnstthe
" grounding block to urge the grounding block into abutting contact with the rotor biade
under operative conditions. Alternatively, the elastic element might be a pneumatic or
hydraulic device, |
10 As showninFig. 1 and in Fig. 1A with an unfinished rotor blade 10, a housing
assembly 52 is the assembly for urging the pad into engagement with the flow path
surface of the shroud section of an unfinished rotor blade. Altenatively, the assembly
might be a ;:lamp construction as shown in U.S. Application Serial No. (EH-10129), or
any another construction which is able to urge a pad against the underside of the flow
15  path surface of the shroud. Examples are pneumatic or hydraulic devices attached to a
base or to the rotor blade for support or independent of both.
The housing assembly has a passage 102 having a first end 104 and a second end
106. The second end has an opening 108. An elastic element, such as a spring 112, is
disposed in the passage. The spring has a first end 114 which engages the first end of the
20  passage and a second end 116 which faces outwardly. A bar 118 is disposed in the
passage. The bar 118 has a first end lZthichengagatheelasﬁcelémentandasecond
end 124 extending beyond the passage. The second end has a channel 126 which adapts
the bar to receive an arm. |
An arm 128 extends through the channel 126 of the bar 118 to slidably engage the
25 bar. Fig. 2 shows the pad 48 in the engaged position and the pad 48a in the non-engaged
position. The arm is moveable outwardly by movement of the bar and laterally by
releasing a fastener 132 to enable movement of the arm in the directions shown in Fig. 2.
The screw fastener threadably engages the bar and extends through the channel. The
screw fastener exerts a force on the arm to secure the arm against movement once the
30 amm is adjusted to the correct lateral location, as shown in Fig. 2.
Fig. 3 is a side elevation view of the shroud 12, of the pad 48, and of the arm 128
of the assembly 52 for urging the pad into engagement with the flow path surface of the
shroud. The arm of the assembly 52 has an opening 142 bounded by a first surface 144 |
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a region of materi.al at a shroud face |ocation for; a rotor e, the

rotor bl ade having a root section, a platformsect q ﬂw&@ s ction

extendi ng spanwi sely outwardly from t he root sect i

ext endi ng
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15
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edlt ifjon

having the contour of a portion of a sphere a?xd a cylindricill surface 146 which extengs
from the first surface. The cylindrical surface is disposed about an axis A,. The axis A,
extends through the center of the sphere.

The pad 48 has a first surface 148 havmg the contour of a portion of a sphere.
The first surface rotatably engages the spherically shaped surface 144 of the arm 128. A
cylindrical shaft 152 extends from the first surface. The cylindrical shaft has a axis
rotation of A,. The axis of rotation A, is alignable with the axis A, of the opening in the

- arm such that the shaft is disposed in the opening and spaced radially from the cylindrical

surface of the arm. This enables the pad to displace itself slightly by inclining the axis A,
or rotating about the axis A,.

The surface 50 of the pad is a second surface on the pad 48 having a contour
which closely matches the contour of the flow path surface 42 of the shroud. The second
surface adapts the pad to engage the flow path surface of the shroud and extends laterally
beyond the hard face location of the shroud and beyond the edge of the shroud such that
the pad in the engaged position blocks the flow of molten material to the flow path -
surface of the shroud. Thus, the second surface closely matches the contour of the
shroud to an extent which avoids deposition of an unacceptable amount of material on the
flow path surface of the shroud and insures that any deposition is within acceptable Limits
set by aerodynamic and structural concerns. As will be realized, in some embodiments the
amount of deposition may require a small amount of rework to bring the flow path surface
within acceptable limits. This might occur if the second surface was deliberately
contoured to provide this result for reasons unconnected with aerodynamic or structural
concerns. |

Fig. 4 schematically represents the deposition of the hard face material 154 at the
notch face location 38 on the shroud. As shown in Fig. 4, suitable welding wire 156 is in

- contact with the molten material 154. An arc of a welding torch 158 is used to supply

electrical current and heat to the weld wire and hard face material to cause melting of the
weld wire and hard face material adjacent the notch face location.

Fig. 5 shows the hard face material 154 at the end of the deposition process. The
hard face material is shown extending above a portion of the shroud. The hard face
material only extends below a portion of the shroud to a slight extent as a result of the
faying relationship between the pad 48 and the underside 42 of the shroud. The amount
of material which may extend under the shroud after use of the pad is so small that it
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inches). This projection was aerodynamically aoceptabl_e and does not require further
finishing of the flow path surface of the shroud. In fact, in many applications, the
10 projection was less than five-thousandths of an inch with a surface roughness

measurement Ra that was less than seventy micro-inches.

Figures 6, 7 and 8 are a view of an alternate embodiment of the construction
shown in Figures 1 and 1A. In this embodunent, the rotor blade is supported by a
separate base 304.

16 " As shown in Fig. 6 and Fig. 7, the shroud has a flow path surface 42 havmg a first
side 44 and a second side 46. The fixture 214 has a pad 248 having a surface 250 and an
assembly, as i'epresented by the assembly 252, for urging the pad into engagement with
the flow path surface 42 of the shroud. The assembly has a pair of jaws 254,264 which
rotatably engage each other at a pivot 256. The pair of jaws is formed of the first jaw

20 254 having a first end 258 and a second end 262; and, the second jaw 264 having a first
end 266 and a second end 268. The jaws are disposed about and moveable toward an
axis A; of the assembly by an element, as represented by the spring element 272, for
urging the first end of the jaws apart and the second end of the jaws together.

The first jaw has a first side 274. The first side has a pin 276 and a pair of spaced

25 apart surfaces 278. A first appendage 282 is disposed between the surfaces. The
appendage has a slot 284 in which the pin is disposed such that the appendage is slidably
and rotatably attached to the jaw to permit movement in the axial D, and lateral D,
directions. The first appendage has a surface 286. The surface 286 adapts the appendage
to engage the flow path surface 42 on the first side 44 of the shroud 12.

30 The first jaw 254 has a second side 288. The second side has a pin 292 and a pair
of spaced apart surfaces 294 as does the first side 274 of the jaw. A second appendage
296 is disposed between the spaced apart surfaces on the second side. The second
appendage has a slot 298 in which the pin 292 is disposed such that the appendage is
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The second jaw 264 of the assembly 252 faces oppositely to the first and second
sides 2‘74,288 of the first jaw 254. - The second jaw at the second end 268 is disposed
laterally between the first side 274 and the second side 288 of the first jaw. The second
jaw has a surface 302 which adapts the second jaw to engage the non-flow path side of
the shroud.

As shown in Fig. 7, the pin 276 has been loosened and the first appendage 282
rotated and moved laterally and axially with respect to the first side 274 of the first jaw
254 such that the surface 286 of the appendage engages the underside or flow path
surface 42 of the first side 44 of the shroud 12. Similarly, the second appendage 296 has
been adjusted such that the attached pad 248 is in its operative position. The surface 250
of the pad engages the flow path surface of the shroud. The surface 250 has two points
ab onthesixrfacewhich,wﬁthapohxtconthemrfaeeoftheﬁrst appendage, define a
plane which is substantially parallel to the flow path surface of the shroud. The pad
extends laterally beyond the notch face location 38 of the shroud 12 (the distance between
the notch face location 38 and the substrate 36 is exaggerated) to engage the flow path
surface 42 of the shroud and beyond the shroud such that the pad in the engaged position
is adapted to block. the flow of molten material to the flow path surface of the shroud.

Fig. 8 is a side view of the fixture 214 and the unfinished (partially formed) rotor
blade 10 shown in Fig. 2 in the engaged position. Fig. 8 shows the appendages 282,296,
of the fixture engaging the lateral sides 44,46 of the flow path surface 42 of the shroud.

- In addition, Fig. 8 shows a base 304 for engaging the rotor blade 10 to support the rotor

blade as the hard facing operation takes place.

During operation of the fixture shown in Figures 1 and 1A, rotor blade after rotor
blade is installed in the fixture and welded. Each blade is quickly removed and a new
blade installed by releasing the threaded fastener and tightening it. The rotor blade is
positioned by the platform section which, cqmpéred to the root séction in a partially
finished blade, is 2 much better datum. The arm 128 and bar 118 which engage the spring
112 are easily moved, compressing the spring. The pad is moved into position against the
new blade, with compression of the spring accommodating differences in height between
rotor blades. These differences might occur for the same type of rotor blade or for
different types of rotor blades as the new blade is installed because of the partially formed
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shroud i Scl aB 152 oftheinad and replagingthe small padwith adargen pag pat h surface of the
shroud having  -The pad 48 is easily and quickly adjusted into a faying relationship with the
underside of the flow path surface of the shroud by reason of its ability to rotate about
axis A, and to incline slightly with respect to the axis A of the opening in the arm 128 of
the assembly 52. Thus, the pad is quickly seated in the event that engagement of the
10  clamp with the platform section of the rotor biade has caused a small mxsahgnment of the
rotor blade in the fixture. A particular advantage is the engagement of the airfoil
outwardly of the partially formed root. This eliminates variations in engagement
associated with such a root and speeds set up time in the fixture. | |
The thermal conductivity of the pad 48 is greater than the thermal conductivity of
15" the hard face material 154 and the shroud 12. A tungsten pad, which has been used to
good effect, has a thermal conductivity that is normally four times greater than the
thermal conductivity of the molten material and the shroud at operative temperatures. As
the weld material 154 is deposited on the pad at the hard face location, the pad conducts
the heat away from the molten material adjacent the line of faying contact between the
20  shroud and the pad at a faster rate than at the shroud. This causes the molten material to
become more viscous at that location, blocking the leakage of molten material to the flow
path surface of the shroud. The thermal capacitance of the shroud (the mass of the
material multiplied by the specific heat at constant pressure) is established such that the
pad does not act as a heat sink of such a size that cracking of molten material occurs as it
25 cools. Thus, even though the thermal conductivity is high with respect to the material on

the shroud, the thermal capacitance of the pad is such that cracking of the molten material
is avoided.

The melting point of the pad is greater than the melting point of the shroud or the
molten material. This avoids attaching the pad to the shroud. A melting point of two,
30 three or four times the molten material is desirable to provide a factor of safety. In fact, a
tungsten pad will have a melting point that is about four times the melting point of the
molten material. - | '
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a thermal conductivity that is greater than the thermal conductivity of the

~ shroud and mol ten material and wherein the step of cooling the nolten
nmaterial includes transferring 20 | heat fromthe nolten naterial adjacent
the shroud and pad at a greater rate than the mat eri al adj acent the

shroud and wherein the step of blocking the flow of nolten materi al
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repetitive motion of moving the grinding wheel with respect to the surface to obtain an
acceptable finish without damaging the flow path surface of the shroud may adversely
effect muscles and tendons of the arm required to repeatedly perform that motion. In
addition, even the most conscientious and most skilled personnel may occasionally injure

~ 10 the flow path surface of the shroud by over grinding or over sanding the flow path surface

of the shroud resulting in scrapping of the part.

A particular advantage of the construction shown in Figs. 6, 7 and 8 is the
orientation of the assembly 252 for urging the pad into engagement with the shroud. For
example, the spanwise length of the assembly is about six tenths of an inch below the

15  shroud. The fixture leaves free and unencumbered the region between the fixture and the
airfoil which amounts to at least seventy-percent of the region for an airfoil of about three
inches to nearly ninety-five percent for an airfoil of about twelve inches. In addition, the
fixture does not extend beyond the pad. This provides room for the welder to manipulate
the welding device and facilitates welding.

20 After completion of the deposition of the hard face material, the rotor blade is
removed from the fixture, encapsulated in a block of material to provide datum for the
machining operations and machined to its final contour at the root platform and shroud
sections of the rotor blade. Alternatively, the airfoil might be fixtured in a hard point
fixture which engages other datums on the airfoil. |

25 Although the invention has been shown and described with respect to detailed
embodiments thereof, it should be understood by those skilled in the art that various
changes in form and detail thereof may be made without departing from lthe spirit and the

scope of the claimed invention. e
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heat out of the nolten material and causing cracking of the nolten
materi al .

CLAIMS:

WE CLAIM:

5§ 1L A method for disposing a region of material at a shroud face location for a rotor
' blade, the rotor blade having a root section, a platform section, an airfoil section
‘extending spanwisely outwardly from the root section, a shroud section extending
laterally with respect to the airfoil, the shroud section béing formed of a first material and
having a shroud face location and a substrate for receiving a material and having a flow
10 path surface which faces the platform section of the airfoil, comprising:
forming a pool of moliten material adjacent the substrate by melting material at the
substrate loca;ion on the shroud;
blocking the flow of molten material to the flow path surface of the shroud by
urging a pad against the flow path surface of the shroud which closely conforms to the
15  contour of the flow path surface and which extends beyond the shroud;
cooling the molten material and shroud while urging the pad urged against the
path surface of the shroud until the .
molten material is no longer in a moiten state.

20 2. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud inchudes urging the pad with a resilient force such that the pad resists movement
away from engagement with the flow path surface of the shroud with a restorative force.

25 3. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow. path surface of the
shroud includes engaging the rotor blade outwardly of the root section of the rotor blade
to orient the pad with respect to the flow path surface of the shroud.

EETET S
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5. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 3 wherein the step of engaging the rotor blade outwardly of the root

10  section of the rotor blade to orient the pad with respect to the flow path surface of the
shroud includes disposing support structure adjacent the rotor blade which engages the
pad and engaging the shroud section of the rotor blade for supporting and positioning the
pad from the shroud section.

16 6. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud includes disposing a metal pad adjacent the flow path surface of the shroud having
a thermal conductivity that is greater than the thermal conductivity of the shroud and
molten material and wherein the step of cooling the molten material includes transferring

20  heat from the molten material adjacent the shroud and pad at a greater rate than the
material adjacent the shroud and wherein the step of blocking the flow of molten material.
to the flow path surface of the shroud includes the step of increasing the viscosity of the
molten material adjacent the faying surfaces of the shroud by transferring the heat at a
greater rate from that location than adjacent locations adjacent only to the shroud.

25 |
7. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 6 wherein the step of urging a pad against the flow path surface of the
shroud includes disposing a metal pad adjacént the flow path surface of the shroud having
a predetermined thermal capacitance and wherein the step of transferring heat includes

30 limiting the amount of heat transferred such that the pad does not act as a heat sink

transferring too much heat out of the molten material and causing cracking of the molten

mateil.  [REPLACEMENT SHEET
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8. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of urging a pad against the flow path surface of the
shroud includes disposing a metal pad adjacent the flow path surface of the shroud having
a predetermined thermal capacitance and wherein the step of transferring heat includes
limiting the amount of heat transferred such that the pad does not act as a heat sink

“transferring too much heat out of the molten material and causmg cracking of the molten

material.

9. The method for disposing a region of material at a shroud face location for a rotor
blade of claim 5 wherein the step of engaging the rotor blade with support structure
includes orienting the support structure for the pad such that the support structure does -
not extend laterally beyond the pad and does not extend radially a substantial distance
between the platform of the blade and the flow path surface of the shroud.

10.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the pad has at least one axis of rotation and wherein the step of
urging a pad against the flow path surface of the shroud includes the step of rotating the
metal pad about at least one axis of the pad as the metal pad engages the shroud such that
the contour of the pad is closely matched to the contour of the underside of the shroud in
a faying relationship. |

11.  The method for disposing a region of material at a shroud face location for a rotor

‘blade of claim 10 wherein the axis is inclinable with respect to the surface of the shroud

and wherein the step of rotating the metal pad about at least one axis of the pad includes
inclining the axis of rotation with respect to the flow path surface of the shroud.

12. - The method for disposing a region of material at a shroud face location for a rotor
blade of claim 1 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad toa
temperature which is less than one-half the meltmg point of the pad.

nd'pad
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14.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 3 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.

10 | .
15.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 4 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.

15
16.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 5 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.

20
17.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 6 wherein the step of cooling the molten material includes transferring heat

- from the molten material adjacent the shroud and pad to the pad and heating the pad to a

temperature which is less than one-half the melting point of the pad.

25 _
18.  The method for disposing a region of material at a shroud face location for a rotor
blade of claim 7 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
temperature which is less than one-half the melting point of the pad.
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pad. 20. The method for disposing a region of material at a shroud face location for a rotor

blade of claim 9 wherein the step of cooling the molten material includes transferring heat
from the molten material adjacent the shroud and pad to the pad and heating the pad to a
tempefature which is less than one-half the melting point of the pad. '

10 | .

21.  The method for disposing a region of material at a shroud face location for a rotor

blade of claim 10 wherein the step of cooling the molten material includes transferring

heat from the molten material adjacent the shroud and pad to the pad and heating the pad
_ to a temperature which is less than one-half the melting point of the pad. -

15 . '

22.  The method for disposing a region of material at a shrbud face location for a rotor
blade of claim 11 wherein the step of cooling the molten material includes transferring
heat from the molten material adjacent the shroud and pad to the pad and heating the pad
toa temperature which is less than one-half the melting point of the pad.

20
23. A method for disposing a region of hardened material at the notch face location
for a rotor blade, the rotor blade having a root section, a platform section, an airfoil
section extending spanwisely outwardly from the root section, a shroud section extending
laterally with respect to the airfoil, the shroud section being formed of a first material,

25  having a substrate which adapts the rotor blade to receive a hardened material and a notch
face location for engaging an associated face location on an adjacent airfoil, and having a
flow path surface which faces the platform section of the airfoil, comprising:

‘engaging the platform section of the rotor blade on opposite sides of the platform
section to restrain the rotor blade against movement; |

30 electrically grounding the rotor blade though the root section of the airfoil;

melting hard face material at the shroud notch face location by welding a second
material to the shroud which includes the step of passing a direct current electrical arc
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mat eri al adjacent the shroud and pad to the pad and heating the pad to a
t enper at urtbroughdhe shsoudaotch fage losatiomta formythe secand matedal having athhé‘ﬁ‘ﬁﬂ@t

operative conditions that is greater than the hardness of the first material,
blocking the flow of moiten second material to the flow path surface of the shroud
by urging a metal pad against the flow path surface of the shroud while welding the
5 second material to the shroud notch face, the metal pad having at least one axis of
rotation, and including the step of rotating the metal pad about at least one axis of the pad
as the metal pad engages the shroud such that the contour of the pad is matched to the
contour of the underside of the shroud in a faying relationship and such that the metal pad
extends beyond the shroud to block the flow of moiten second material to the flow path
10  surface of the shroud and which includes the step of increasing the viscosity of the moiten
' material adjacent the faying surfaces of the shroud and pad by disposing a pad having a
higher thermal conductivity than the molten material and the shroud. |

24.  The method for disposing a region of hard face material at a shroud face location
15  for a rotor blade of claim 23 wherein the step of cooling the molten material includes
~ transferring heat from the molten material adjacent the shroud and pad to the pad and
heating the pad to a temperature which is less than one-half the melting point of the pad.



10 21. The nethod for disposing a region of material at a shroud
face |l ocation for a rotor bl ade of claim 10 wherein the step of
¢ooling the nmolten material includes transferring heat fromthe

nol ten material adjacent the shroud and pad to the pad and heating the pad
to a tenperature which is less than one-half the neltin
15 22. The nmethod for disposing a region of nat
face location for a rotor bl ade of claim 11 wher
cooling the nolten material includes transferring ;
nolten material adjacent the shroud and pad to the pad E
to a tenperature which is |less than one-half the neltin

20 23. A nethod METHOD FORAFPLYING MATERIAKhed materl al_at_t
notch face location 10 A FACE OF" OF?DWWMCTNGV g a root
section, a platformsectionggR iy Wmmn ext endi ng spanwi sely
outmardly fromthe root section, a shroud section extending | ateral ly
with respect to the airfoil, the shroud section being forned of a first
materal, 25 havi ng a substrate whi ch gdagis the rotor blade to receive a

hardened material and a notch tion for engaging an
associ ated face location on an adjacent airfoil, and having a

A method for applying a material to the face 16,18 of a rotor blade 10 is disclosed.
The method includes blocking the flow of molten material to adjacent structure of a rotor

blade by disposing a pad agamst the structure.

( Figure 1-)



flow path surface which faces the platformsection of the airfoil,

conpri si ng: engagi ng the platformsection of the rotor blade
on opposite sides of the platform section to restrain the rotor bl ade
agai nst novenent; 30 el ectrically grounding the rotor bl ade

t hough the root section of the airfoil; 1 melting hard face

material at the shroud notch face |ocation by welding a second
material to the shroud which includes the step of passing a direct current

electrical arc 19 REPLACEMENT SHEE’F

2 6 JAN 1997
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erial having

a_hardness at operative conditions that} i{fs greater a he har dness
of the first material ; : bl ocki ng { h QI(QuAﬂf | tierl second
material to the flow path surface of the shr b +ngl a netal pad

agai nst the flow path surface of the shr@ud
material to the shroud notch face, the netal east one axs of
rotation, and including the step of rotating e netal pad about at | east
one axis of the pad as the nmetal pad engages the shroud such that the
contour of the pagNhssqtched to the contour of the undérside of the
shroud in a faying [ NG a% such that the netal 1p S0ext ends

me!ding'the 5 second

beyond the shroud tQ ¥ j~§2§em10 mol ten second materi o} he_ fl ow
path 10 SF,f ci&f 1 SEEIRGARR YR ch i ncludes the s i hir#dsing
t he vi scosi 1 § Lifhe RN | alizdj acent the Ayl d aggg of
the shroud and pad pg Ye  Seli g ag§1 —t4 h4
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transferring heat fromthe nolten material adjacent the shroud and pad to
t he ‘pad and heating the pad to a tenperature which is |ess than .
on-half the nelting point of the pad.
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