TURBINE SHROUD MILLING BACKGROUND This disclosure relates generally to milling and,
more particularly, to 5 reducing shroud milling complexity. Components are often machined to
acquire desired dimensions. Both newly-cast and repaired components may be machined. Machining
changes the dimensions of the compEﬁéﬁ@WréH %h@éﬁ&l%chining relatively complex
components often requires multiple 10 fixtures and multiple cutters. Machining these relatively complex
components often requires significant time. Turbomachine blades, particularly the shrouds of
turbomachine blades, are examples of theseR&&HEIR€UAPIRX components. For example, machining in
particularly grinding turbgmachine shrouds may require, several fixtures, diamond 15 dressers, and
grinding wheels. In-pro?é?lsfg Cr%sﬁztﬁ;%slﬁcr)%iﬁega?ﬁg fir ecg%rl%ﬁgc ?nrg%glgée%r%’r Iéﬁr(l)rﬁ% %mn%jglyi/alre?%ﬂ to machining
errors. SUMBIAR¥ducing sihreud miilling coatpadiagcording to an exemplary aspect of the present
disclosure includes, among other things, milling a convex side of a 20 shroud, milling a concave side of
the shroud, and holdind-@ AN g A teBrmaehindure e srilnrigethd BrASidBARd when milling

b oo 30y B R I e R et o
milling the knife-edgeiaidhei@vobiche conlpanéuiiey randirmitingaebddiment of either of the foregoing
methods, the method may include moving a milling cutter relative to the shroud and the common fixture
during the milling. achining relatively complex components often requires multiple
10 fixtures and multiple cutters. Machining these relatively complex
components often requires significant time. Turbomachine blades,
particularly the shrouds of turbomachine blades, are examples of these
relatively complex components. For example, machining in particularly
grinding turbomachine shrouds may require several fixtures, diamond
15 dressers, and grinding wheels. In-process repositioning the turbomachine
blades for grinding may lead to machining errors.
SUMMARY
A shroud milling method according to an exemplary aspect of the
present disclosure includes, among other things, milling a convex side of a
20  shroud, milling a concave side of the shroud, and holding a shroud within a
common fixture when milling the convex side and when milling the concave
side.
In a further non-limiting embodiment of the foregoing method, the
method may include milling a knife-edge of the shroud, and holding the
25 shroud within the common fixture when milling the knife-edge of the
shroud.
In a further non-limiting embodiment of either of the foregoing

methods, the method may include moving a milling cutter relative to the

shroud and the common fixture during the milling.

-1-



In a further non-limiting embodiment of any of the foregoing methods, milling the convex side may
comprise milling a notch radius within the convex side. In a further non-limiting embodiment of any
of the foregoing 5 methods, a common milling cutter may mill the convex side and the notch radius. In

a further non-limiting e_rﬁboi‘jirﬂéfﬁlﬂ‘%ﬁ Wdﬁﬁé%reﬁjﬁhﬁ_{jﬁﬁ@ﬁod& ﬁﬁl}in@fth@éofﬂf&g%iiﬂ% may comprise
side milling and %gtﬂé'{i@%iﬁﬂ? &nd mﬂh@@% gy Iﬁ%{/apcllr%%}}lﬁs RSiGRSadidee U8 8 WHg non-limiting
any of thé foregsi tho i fi'th

embodiment of regoing me s, a common milling CUtBr may mill the convex side and the
concave side. tHa@ifwidkerdeon-limiting embodiment of any of the foregoing methods, the shroud may

be a turbine shroud of a newlg-cast blade. 15 In a further non-limiting embodiment of any of the foregoing
methods, the milling may ifclidEhemBomG 2 kst EBRedineamht it e ©8rdi98es0iNg shroud

according toan eXeMBLArY,AShGG G %ﬂlﬁﬁﬁ%ﬂﬁ&ﬁﬁ%ﬁ%ﬁl@ﬁ@‘%e@@%@ hefthigena concave side

of a shroud, a convex side of the 20 shroud, and a knife-edge seal of the shroud. The concave side, the
convex side, andrtiiéuenife-edge seal are cut using an end mill cutter. In a further non-limiting
embodiment of the foregoing shroud, the concave side, the convex side, and the knife-edge seal may be

held within a common fiktufe WAEIERRRIHG tHBSEFAMRAALERRE. 9517 W utthdPRofRIFRRING embodiment of
the foregoing shrogh dhe ShGvY MEOeBShrUd 8f aoihing Qlads AfiRlUrRPBRChINENg.

The end milling may establish the notch radius.

10 In a further non-limiting embodiment of any of the foregoing
methods, a common milling cutter may mill the convex side and the concave
side.

In a further non-limiting embodiment of any of the foregoing
methods, the shroud may be a turbine shroud of a newly-cast blade.

15 In a further non-limiting embodiment of any of the foregoing
methods, the milling may include removing at least some weldment from the
shroud.

A shroud according to an exemplary aspect of the present disclosure
includes, among other things, a concave side of a shroud, a convex side of the

20 shroud, and a knife-edge seal of the shroud. The concave side, the convex
side, and the knife-edge seal are cut using an end mill cutter.

In a further non-limiting embodiment of the foregoing shroud, the
concave side, the convex side, and the knife-edge seal may be held within a
common fixture when cut using the end mill cutter.

25 In a further non-limiting embodiment of the foregoing shroud, the
shroud may be a shroud of a turbine blade of a turbomachine.

In a further non-limiting embodiment of the foregoing shroud, the

concave side may comprise a notch radius established by end milling.



In a further non-limiting embodiment of the foregoing shroud, the concave side may comprise a notch
radius established by end milling. In a further non-limiting embodiment of the foregoing shroud, the
notch radius may be cut using the end mill cutter. In a further non-limiting embodiment of the

foregoing shroud, the kHife ddgd e aamRiERpsELa i twb SepivsteNnResbajesdhrs. 5 A method of
milling a turbine hlade ?@Jﬁ%dn@a%?gédéﬂg &%g%%ee@gl Iy agpeet of the present disclosure includes,
tar e [

among other things securing a Ine bla ithin a fixture, milling a concave side of a turbine blade
shroud while the turbingrbladedheecisiedimwiting thebixdinesrand niildng @ gengexisisiedofitiee turbine blade
shroud while the turbine blade is 10 secured within the fixture. In a further non-limiting embodiment of

the foregoing melfit, afgePrAhBE HrAMRERFR HRnfhhe RARRLAGJEEeSC8eHR8 Kurbine blade shroud while
the turbine blade is secyregd withip the ﬂ{(itllﬁﬁ‘;r‘,g a tuldigdughernepziniing. empadimgnt af either of the

foregoing 15 methods, the turbine blade may not be removed from the fixture during the milling. Ina
further non-limitingyeamiledimepetdf ahylef hedanegbrtpsoethodduthe, metbagd midyintliges end milling a
notch radius when milling the concave side of the turbine blade shroud. 20In a further non-limiting

embodiment of afRf BFfe¥SPEEBIAY RARRSHRIR Tt Bt o A A) S AL RITS S R th et A HEPHfing cutter for
miling the concae i oL NG e8P AdE-PESCRIPTIRN,OF THR I URGS 25The

various features and advantages of the disclosed examples wil
milling a convex side of the turbine blade shroud while the turbine blade is

10  secured within the fixture.

In a further non-limiting embodiment of the foregoing method, the
method may include milling a knife-edge seal of the turbine blade shroud
while the turbine blade is secured within the fixture.

In a further non-limiting embodiment of either of the foregoing

15 methods, the turbine blade may not be removed from the fixture during the
milling.

In a further non-limiting embodiment of any of the foregoing
methods, the method may include end milling a notch radius when milling
the concave side of the turbine blade shroud.

20 In a further non-limiting embodiment of any of the foregoing
methods, the method may include using the same milling cutter for milling

the concave side and for milling the convex side.

DESCRIPTION OF THE FIGURES
25 The various features and advantages of the disclosed examples will
become apparent to those skilled in the art from the detailed description. The
figures that accompany the detailed description can be briefly described as

follows:



become apparent to those skilled in the art from the detailed description. The figures that accompany the
detailed description can be briefly described as follows: Figure 1 shows a shroud of a repaired blade
from a turbine section of a turbomachine. Figure 2 shows the blade of Figure 1 within a fixture. 5Figure 3
shows a step in a method of milling the shroud of Figure 1. Figure 4 shows another step in the method

of milling the shroud of fygyre ] hov#: L?J%{Foécis@?%e}ﬁffr%ﬁo&ﬂ%Sf%%ppi&‘ hepmeled st 8#%;”9 the shroud

of Figure 1. 10Figure 6 shiows the shroud of Figure 1'atter the step of Figure 3. Figure 7 shows the shroud
of Figure 1 after thelstepdfifigure 5. Figure 8 shows the shroud of the Figure 1 within a milling cutter

assembly during the step of Figure 4, Figure 9 shows the shroud of Figure 1 within the milling
cutter 15 assembly duriﬁ@‘t‘ﬁ% 859'9F thg et P iIIED R EERITION Referring to Figure 1, a

shroud 60 ofg blade GAF%Q{{%% Eﬂ%@&??ﬁ%ﬁ%t&'m@ﬁ&f &%ﬁﬁg@qﬁgi%g@@igﬁ%§@Wn during a repair.
In this example,
Figure 4 shows another step in the method of milling the shroud of
Figure 1.
Figure 5 shows yet another step in the method of milling the shroud of
Figure 1.
10 Figure 6 shows the shroud of Figure 1 after the step of Figure 3.
Figure 7 shows the shroud of Figure 1 after the step of Figure 5.
Figure 8 shows the shroud of the Figure 1 within a milling cutter
assembly during the step of Figure 4.

Figure 9 shows the shroud of Figure 1 within the milling cutter

15  assembly during the step of Figure 5.

DETAILED DESCRIPTION

Referring to Figure 1, a shroud 60 of a blade 64 from a high-pressure
turbine of a turbomachine engine is shown during a repair. In this example,
20  the shroud 60 was significantly worn during use and required repair. The
initial repairs involved building up weldment in the worn areas of the
shroud 60. As will be shown, the shroud 60 is then machined to desired

dimensions. The shroud 60 is reinstalled within the engine after machining.
The techniques of this disclosure are described with reference to the
25 shroud 60, which is a repaired shroud 60. The techniques of this disclosure
could also apply to machining shrouds of newly-cast blades to desired

dimensions. That is, this disclosure is not limited to machining repaired

blades.



20 the shroud 60 was significantly worn during use and required repair. The initial repairs involved
building up weldment in the worn areas of the shroud 60. As will be shown, the shroud 60 is then
machined to desired dimensions. The shroud 60 is reinstalled within the engine after machining. The
techniques of this disclosure are described with reference to the 25 shroud 60, which is a repaired shroud

60. The techniques of tﬂ&gﬂﬁﬁg%ﬁ%é@ ﬁ%&lﬁ%?‘ﬁ}%{é’ﬁ%{%ﬁﬁ?ﬂéﬁﬂg Shgds 9{’11%%\/ e-%%%%é blades to

desired dimensions. That is, t IS not limite machining repaire Referring now
to Figure 2, machiwibgathesghratid68 fixvatéas placieg-dneg lol ficteudd a8ithihaléixtirecc8ahipe example fixture
68 includes three clamps 72a-72c. In this example, the clamp 72a is used to secure a root of the blade 5

64. The root heldBy 1Re dAS EXamRls phefrmpréfarintecddRisssvies reetinhihg tédhroud 60. The
clamps 72b and Z2cfirecty conip &@iQfﬁwﬁ%ﬂéﬁ%ﬁB@iﬁgg%ﬁrﬁg HRWRS wARANd 72¢ may

include a thermoset compound resir portion y contacts the airfoil portion 76. The portions 74

dampen vibrationaahiinénglzide Hé¢cuting. Mackiamgs TAVilihF2s theenthchimitigtprocas®ilised, in this
example, to shape the shroud 60 into the desired dimensions, Thus, after securin%{he blade 64 within the

fixture 68, the bl &N thhsikladedd-atBselames foamdifrs 3% BIUALRINSERAL, the blade 64
is held by the ﬁXtHéﬁlE@tH’rH iP&sﬂ?%Qﬂ%ﬁ shrapd mﬂ!!aweﬁ&%%s 1153%%[@”9&8%@& igyees 3-7, the

shroud 60 includes a convex side 100 and a concave Side 104. The convex side 100 and the concave
side 104 each expentdnerial eadimgvéltigs dd8od thied kitko 6l G togantradtimgrexige 110 of the shroud 60.

The convex §ide 100 ing’% es a notch r%gi‘jus 116. The concave sjde 104 infludes a notch radius 118. The
convex sidet 100 and th¥ Eoh8al e MaB 38 THASREPREEE tikstelM Wit EXROMRIEr AR 2 dcent shrouds

when installed withig thednging the _d@sﬁ?é%l %%H@HL%&Q? ﬁHﬁé{eéf_ﬁég%é&Qﬂ{yH@%HH@%@"S“nCt planar
surfaces 108a-108c. The concave side 104 also includes three distinct planar surfaces 112a-112c. 25In

this example, a firgtkinfehe digtuse £81 A dnade 6écontthaifecadgodsent $0deodernchradilitg from the blade
o4, As s known, {1g Kfejede sSals 479 ARCHIZABIESH AP G LR 8Phuiy i enoine (Taure
entire shroud milling process.
15 Referring now to Figures 3-7, the shroud 60 includes a convex side 100
and a concave side 104. The convex side 100 and the concave side 104 each
extend from a leading edge 108 of the shroud 60 to a trailing edge 110 of the
shroud 60. The convex side 100 includes a notch radius 116. The concave side
104 includes a notch radius 118. The convex side 100 and the concave side
20 104 interface directly with circumferentially adjacent shrouds when installed
within the engine.
In this example, the convex side 100 includes three distinct planar
surfaces 108a-108c. The concave side 104 also includes three distinct planar
surfaces 112a-112c.
25 In this example, a first knife-edge seal 120 and a second knife-edge
seal 124 extend radially from the blade 64. As is known, the knife-edge seals

120 and 124 contact a blade outer air seal within the engine (figure 1) to

provide a sealing interface.



In this example, an end mill cutter 130 mills the shroud 60 to provide the convex side 100, the concave
side 104, the notch radii 116 and 118, and the knife-edge seals 120 and 124. Notably, because the
shroud 60 is milled while 5 held within the fixture 68, the shroud 60 is milled using a "common" fixture and
a "common" end mill cutter. In the prior art, blades may be removed and reinstalled in several different
fixtures when grinding u% he e I [ rot b [ Ag ing milling. When
milling the convex sideﬁﬁ)%{%n ?ﬁlep %n%%glgqsr%élfl%%&%%?ggg qg%%% Sqr}lllt %Blg(?s% goli%%gof the end mill
cutter 130 are usgée. Mdthenx sidbngahehaotetraaddidd 6 G dhd k&) tch i bibdasdon harsidée 138 and end
142 of the end mill cutter 130 are used. When milling the knife-edge seals 120 and 124, the sides 138 of

the end mill cuttdfifpesiaeseals. handifithdVelaisnbesaursethosiandif? ébalied ¥88e04, the end 15
mill cutter 139 traygls Jiang PANEER] S Rae'§aRed e MngalikaiterL3R generaly qpanges

directions twice when moving along the paths Pi to cut the surfaces 108a -108c. The mill cutter 130
generally changesdireGtionmitwiCerwlhaiilmottinglaldngpttierpathblii ¢e wiatthe sutacesahtPa -112c. The
notch radius 116 is the interface between the surface 108a and the 20 surface 108b. The notch radius

118 is the interfalesaNeL AR STRTALHT DL s st 4% A eH milling the notch radii 116 and
118, the end mill cutter 130 QVGSAIARY PRI ARRY D3 @NchRAid SSRRETNE Mhill g PRIRS3 and P4

extend in radial directions (and outward from the page in Figure 4). Because cutting surfaces on the sides
138 and the end t4Ring the endvenls2decliitearidharecnseds widtetied, cartthegshtadikarmeotisly removed from

the two surfaces that meet to form the notch radius 116 o notch radiys 118. \Vhen milling the

knife-edge seals , t els I , which requires
e i S RBLR o o) 746 oS0 8 BER G B g a0

the_ end mill cutte 301 NeYe iRl Ardiaet asswell 25 giadmferentialinacessaragially outward

facing surface of the shroud 60.

are used. When milling the knife-edge seals 120 and 124, the sides 138 of the

end mill cutter 130 are used.
When milling the convex side 100 and the concave side 104, the end
15  mill cutter 130 travels along paths P1 and P2, respectively. The mill cutter 130
generally changes directions twice when moving along the paths P to cut the
surfaces 108a -108c. The mill cutter 130 generally changes directions twice
when moving along the paths P to cut the surfaces 112a -112c.
The notch radius 116 is the interface between the surface 108a and the
20 surface 108b. The notch radius 118 is the interface between the surface 112a
and the surface 112b. When milling the notch radii 116 and 118, the end mill
cutter 130 moves along paths along Ps and Ps, respectively. The paths Ps and
P4 extend in radial directions (and outward from the page in Figure 4).
Because cutting surfaces on the sides 138 and the end 142 of the end mill
25  cutter 130 are used, material can be simultaneously removed from the two
surfaces that meet to form the notch radius 116 or the notch radius 118.
When milling the knife-edge seals 124 and 120, the end mill cutter 130

travels generally along the path Ps, which requires the end mill cutter 130 to



Referring to Figures 8 and 9, the end mill cutter 130 is controlled by a positioner 150. A controller (not
shown) may include an input device utilized 5 to program movements of the position 150, and thus the
end mill cutter 150. To move the end mill cutter 130 along the paths along Pi-Ps the shroud 60 may
be moved, the efBaYfI Battal 30 rAByg bdimaveyelr dorRisctonieirRiEid o Fess htolRABBIENd the end mill

cutter 130 may bg Xrecplf Figur. %g&o&(%gg {PAJQOGO held by fixture 168 in a position suitable 10 for
milling the convexlgsge 10 Can% the concave sll1 e 104. Figure 9 shows the table 80 rotated 90 to a

position suitable for moRifgritvegetadrigiliresiBemti39 alengthenphthfta. TBoeamatmllhbtiabie 80 is rotated

may vary depending, on design requirements. That is, 90 is only an example amount of rotation. Features
[

of the disclosed é}?éﬁiﬁ}é%r _uﬁé%’ifélﬂ%@f?ﬁ_é@ﬁ’éﬂm HAft h”@‘_f@%é‘é@éég‘?m?e}lﬁ}&?@ss utilizing a
single or COr%m0E‘ofBﬂtHL%‘Ea%q}ﬁ'@Qeﬁ1§ﬁ{989tﬁ%?%\éﬁit<ﬂqalﬁ?m@'ﬁ%ﬁlﬂﬁﬁl Lhgdrpggss of this

disclosure replaces multiple fixtures, diamond dressers, and grinding wheels used in standard shroud
milling processes. The precediathdescliptibristexédopihnygr dthgrathanlkimgiRgin thatthen?0 Variations and
modifications to the disclosed examples may become apparent to those skilled in the art that do not

necessarily depafPfrBiihBee Q3e¥ee o hiS sl Hud Sthe o i oyl prdtettBIs given to this
disclosure can only:he deisHaingd By -sifynshipeolpwingdains 1 BAMYRLey. 1. A shroud milling

method, comprising:
Figure 8 shows the shroud 60 held by fixture 168 in a position suitable

10  for milling the convex side 100 and the concave side 104. Figure 9 shows the
table 80 rotated 90° to a position suitable for moving the end mill cutter 130
along the path Ps. The amount the table 80 is rotated may vary depending on
design requirements. That is, 90° is only an example amount of rotation.

Features of the disclosed examples include encapsulating shroud

15 milling processes into a process utilizing a single or common fixture moving
a shroud relative to a common milling cutter. The process of this disclosure
replaces multiple fixtures, diamond dressers, and grinding wheels used in
standard shroud milling processes.

The preceding description is exemplary rather than limiting in nature.

20 Variations and modifications to the disclosed examples may become
apparent to those skilled in the art that do not necessarily depart from the
essence of this disclosure. Thus, the scope of legal protection given to this

disclosure can only be determined by studying the following claims.



milling a convex side of a shroud; 5milling a concave side of the shroud; and holding a shroud within a
common fixture when milling the convex side and when milling the concave side. 2. The shroud milling
method of claim 1, including milling a knife-edge of 10 the shroud, and holding the shroud within the
common fixture when milling the knife-edge of th&€5MrbMP 3. The shroud milling method of claim 1,
including moving;a, ll(lll}?g cutter relative to the shroud and the common fixture during the milling. 15 4.
The shroud milling method of claim 1, wherein the milling the convex side comprises milling a notch
radius within the toAwkxa&idenilling nlétdshrovd phiting: method of claim 4, wherein a common milling
cutter 20 mills the convex side and the notch radius. 6. The shroud milling method of claim 4, wherein the
milling the convex side EBHpES«LRNs fiflfRf asBreHe milling, the end milling establishing the notch

radius. 25 7gThe shroyd,milli Ms?&&!ﬁimé@m@%‘?%ﬁ common milling cutter mills the convex side

and the concave side. 8. The shroud milling method of claim one, wherein the shroud is a turbine shroud
of a newly-cast blade. holding a shroud within a common fixture when milling the convex

side and when milling the concave side.

2. The shroud milling method of claim 1, including milling a knife-edge of
10  the shroud, and holding the shroud within the common fixture when milling

the knife-edge of the shroud.

3. The shroud milling method of claim 1, including moving a milling cutter
relative to the shroud and the common fixture during the milling.

15
4. The shroud milling method of claim 1, wherein the milling the convex side

comprises milling a notch radius within the convex side.

5. The shroud milling method of claim 4, wherein a common milling cutter

20 mills the convex side and the notch radius.

6. The shroud milling method of claim 4, wherein the milling the convex side
comprises side milling and end milling, the end milling establishing the
notch radius.

25
7. The shroud milling method of claim 1, wherein a common milling cutter

mills the convex side and the concave side.



9. The shroud milling method of claim 1, wherein the milling comprises 5 removing at least some
weldment from the shroud. 10. A shroud, comprising: a concave side of a shroud; a convex side of the
shroud; and 10a knife-edge seal of the shroud, wherein the concave side, the convex side, and the

knife-edge seal Werdhe g 2l mathasttet claim ore wheseir sheighirud, ivadrelinghe concave

side, the convex gide, and { %Wp-%gg ggal were held within a common fixture when cut using the
15end mill cutter. 1§1.1The shrou S?CIal%l 10, wherein the shroud is a shroud of a turbine blade of a
turbomachine. 20 13. The shroud of claim 10, wherein the concave side comprises a notch radius
established by end milling. 14. The shroud of claim 13, wherein the notch radius was cut using the end

mill cutter. 25 15 THeesHeRRAortlbng toethedk ke lige sewhesripibesat it CanPEstarate knife edge

seals. 5 removing at least some weldment from the shroud.

10. A shroud, comprising;:
a concave side of a shroud;
a convex side of the shroud; and
10 a knife-edge seal of the shroud, wherein the concave side, the convex

side, and the knife-edge seal were cut using an end mill cutter.

11. The shroud of claim 10, where in the concave side, the convex side, and
the knife-edge seal were held within a common fixture when cut using the

15 end mill cutter.

12. The shroud of claim 10, wherein the shroud is a shroud of a turbine blade

of a turbomachine.

20 13. The shroud of claim 10, wherein the concave side comprises a notch

radius established by end milling.

14. The shroud of claim 13, wherein the notch radius was cut using the end
mill cutter.

25
15. The shroud of claim 10, the knife edge seal comprises at least two separate

knife edge seals.



16. A method of milling a turbine blade shroud, comprising: securing a turbine blade within a fixture;
milling a concave side of a turbine blade shroud while the turbine 5 blade is secured within the fixture; and
milling a convex side of the turbine blade shroud while the turbine blade is secured within the fixture.

17. The method of claim 16, including milling a knife-edge seal of the turbine 10 blade shroud while the

turbine blade is s&qgﬁg e\g@&nomﬁiﬂl r_?'tujrﬁinyﬁ arﬁggilgg %{,%I ' gighvv_herein the turbine blade is not

removed from the fixture during the mifling. 15 19. The method of claim %6, including end milling a notch
radius when milling the Leneaigeasiad dictbatierbitdibladxsheoud. 20. The method of claim 16, including
using the same milling cutter for milling the concave side and for milling the convex side. 20
milling a concave side of a turbine blade shroud while the turbine
5 blade is secured within the fixture; and
milling a convex side of the turbine blade shroud while the turbine

blade is secured within the fixture.

17. The method of claim 16, including milling a knife-edge seal of the turbine

10 blade shroud while the turbine blade is secured within the fixture.

18. The method of claim 16, wherein the turbine blade is not removed from

the fixture during the milling.

15 19. The method of claim 16, including end milling a notch radius when

milling the concave side of the turbine blade shroud.
20. The method of claim 16, including using the same milling cutter for

milling the concave side and for milling the convex side.

20
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