SLOT MACHI NI NG BACKGROUND OF THE I NVENTION (1) Field of the Invention
[ 0001] The invention relates to machining. Mre particularly, the
i nvention relates to the nachining of blade attachnent slots in

t urbomachi ne di sks. (2) Descript gpoTof1AdiemERIated Art [0002] In
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cal | ed amhdhinihg e€bladeaftachuieat $lo3.in Arbermdichineodiskset hods have been used or
proposed for formng the slots. Exenplary nethods are discussed in S. L.

Soo et al., "Point Ginding of N ckel-Base Superalloys”, Industrial
Di anond (R¢Vessaiptio lof ther Rel2@d Art pages 109- 116. SUMVARY OF THE | NVENTI ON
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essenti pe pén ar to a direction o g and essent lally

circunferential to a central l|ongitudinal axis of the disk elenent. The

machi ni ng may i nvol ve nmachi QUMMMEY OF TREGNVENTIGN t havi ng a convol uted

| ongi tudj nal, profile conpl ementa tql?llglto t he cqnvol ut ed profl e of .,the sl ot
t
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l'ie along _a radi f I bet ween 60
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bit axi scomglute profile mmﬁchmledunwéletfustm sdcmeicﬁldetwall@fsuhssqmsm thg. The
machining, a rotating bit is passed through the precursor slot to machine the base, the bit

rotating about an axis off-normal to a direction of the passing.

[0004] In various implementations, the machining may broaden and deepen the base or,
alternatively, the machining may leave at least a first portion of the base intact from the
forming. The forming may involve machining with a grinding wheel rotating about a wheel
axis essentially perpendicular to a direction of passing and essentially circumferential to a
central longitudinal axis of the disk element. The machining may involve machining with a
profiling bit having a convoluted longitudinal profile complementary to the convoluted
profile of the slot sidewalls. The passing may smooth transitions between the first and second
sidewalls and the base. During the passing, the bit axis may essentially lie along a radial plane
of the disk element at an angle of between 60° and 85° relative to the direction of its passing.
During its passing, the bit axis may be inclined relative to the direction of its passing. The
forming may involve machining with a grinding wheel having portions of different diameters
for forming the precursor slot with the first and second sidewalls as stepped sidewalls. The
passing may increase an outward concavity of the base.

[0005] Another aspect of the invention involves a method for cutting a blade retention slot in
a turbine disk engine element. A precursor slot is formed in the element having first and

second sidewalls and a base. Subsequent to the forming, a rotating bit is passed through the
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formng may involve machining with a grindi ng wheel having portions of
different dianmeters for formng the precursor slot wwth the first and
second sidewal | s as stepped sidewalls. The passing may increase an
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involves a nethod for cutting a blade retention slot in a turbine disk
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invention wll be apparent fromthe description and draw ngs, and fromthe
clainms. BRI EF DESCRI PTI ON OF THE DRAW NGS 100081 FIG 1 is a parti al
| ongi tudi nal view of a BRIHE DHSCRIPTEON OF IHEDRAWINGSt 0 princi ples of
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duri ng rodiche invergion. [ 0011] FIG 4 is a view of a secondary precursor of the
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[0013] FIG. 6 is a view of a tertiary precursor of the disk of FIG. 1.
[0014] FIG. 7 is a radial cutaway view of the precursor of FIG. 6 during machining from the
precursor of FIG. 4.
[0015] FIG. 8 is a radial cutaway view of the disk of FIG. 1 during machining from the
precursor of FIG. 6.
[0016] Like reference numbers and designations in the various drawings indicate like
elements.



el ements. 2 DETAI LED DESCRI PTI ON 10017] FIG | shows a disk 20 having a
central longitudinal axis 500 and a circunferential perinmeter 22.
Extending radially inward fromthe perineter are a circunferential array
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510 in and 32B. FIG. 3 shows the initial slot precursor being ground by a grinding wheel 40 having
a large diameter central portion 42 having a perimeter 44 for forming the base surface 36 and
first and second sides for forming the surface portions 32A and 32B. The grinding wheel has
a pair of smaller diameter portions 50 each having a perimeter 52 for forming an associated
one of the surface portions 34A, 34B and an outboard side surface for forming the associated
surface portion 30A, 30B. The wheel is driven for rotation about its central axis 510in a
direction 511 while being traversed in a longitudinal direction 512 to pass the wheel between
first and second sides 60 and 62 of the disk.

[0019] A convoluted secondary slot precursor 24" (FIG. 4) is then formed from each initial
precursor 24'. In the exemplary embodiment, this is done using a superabrasive quill 70 (FIG.
5) driven for rotation about its central longitudinal axis 514 while being traversed in the
direction 512. The exemplary quill has a shaft 72 for mounting in an associated milling
machine (not shown) and a distal superabrasive coated tip 74. The tip is dimensioned with
proximal and distal relatively wide portions 76 and 78 for forming associated portions of a
surface 25" of the secondary slot precursor 24". The surface 25" is slightly toward the plane
502 relative to the ultimate surface 25. In the exemplary embodiment, the tip 74 includes a
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direction 511 while being traversed in a |ongitudinal direction 5112 to
pass the wheel between first and second sides 60 and 62 of the disk.
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<0 <85 rad1a1 qulll machining may not necessarily disturb the base of the initial slot precursor. This
base may end up being effected only by the angled quill. Furthermore, the principles of the
invention may be replied to a number of existing basic disk configurations and manufacturing
techniques. In such implementations, features of the implementation would be influenced by
features of the disks and techniques. Accordingly, other embodiments are within the scope of

the following claims.



narrow y, between 10-and 30 (60 < 0 < 80). 100211 One or nore enbodi nents
of the present invention have been described. Nevertheless, it wll be
understood that various nodifications nay be made w thout departing from
the spirit and scope of the inventi©@DAIM8r exanple, in alternate

enbodi ts, the intermediate radial quill machining may not necessarily
di sturb ig,claimediisi he initial slot precursor. This base nmay end up

bei ng eflf ect edmethiod fbyciittheg abiade eboywétertionFslisttil e turbire, enpine divki ederhguit athe of
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slot having first and second sidewalls and a base; and subsequent to said

form ng, passing a rotating bit through the precursor slot to machine

sali g bage, t h@agml%cscp@m%iﬂgl fpiet c@ﬁpﬁ@i?@, sﬁfﬁs‘eqﬂaﬁm@hqia oréniflg ﬁrgﬂbdf@ﬂ& said

sai d passing. 2..The method of clai. rther conprisi _ sybsequent to
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the first and second sidewalls; and 3. The nethod of claim2 wherein said
machi ni ng br n - 4. ' erein the
machi ni g 1 cadsahapey e RRES Whelelf s Raohfine Rl ARFadipBldheullael

nmet hod of claim 2 wherein the machi ning conprises nmachining with a
profiling bifhehashdcmint 9 Wiekdih Bt haMHihy abA at AT 4 Fifkt pOfRh QTRRIALY 1O
sai d convoluteg prd@??elo sald slot g?d%mél%t% 6. Tﬁe gethod of claim1l
wher ei n 18- f or mi ng conprises machining with a grinding wheel rotating
about a wheel axis essentially perpendicular to a direction of passing
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bit having a convoluted longitudinal profile complementary to said convoluted profile of said

slot sidewalls.

6. The method of claim 1 wherein the forming comprises machining with a grinding
wheel rotating about a wheel axis essentially perpendicular to a direction of passing said
grinding wheel and essentially circumferential to a central longitudinal axis of the disk
element.

7. The method of claim 1 wherein the passing smooths transitions between said first and
second sidewalls and said base.

8. The method of claim 1 wherein during the passing, the bit axis essentially lies along a
radial plane of the element at an angle of between 60° and 85° relative to said direction of
said passing.

9. The method of claim 1 wherein during the passing the bit axis is inclined relative to

said direction of said passing.

10.  The method of claim 1 wherein the forming comprises machining with a grinding
wheel having portions of different diameters for forming the precursor slot with said first and
second sidewalls as stepped sidewalls.



7. The nethod of claim1l wherein the passing snooths transitions between
said first and second sidewalls and said base. 8. The nethod of claiml
wherein during the passing, the bit axis essentially lies along a radial
pl ane of the elenent at an angle of between 600 and 85 relative to said

directi sai The, net hod m 1 wherein dur]j t he
passt ng ine. B0 AShdIRG) Phediiin? Bessiie Biyoieeh afopmAst besavey obBy
passi ngbast0. The net hod of clain11 wherein the form ng conprises machi ning
with a grinding wheel having portions of different dianmeters for formng
the precursor slot with said first and second sidewalls as stepped

si dewal 18. 5The¢ methnsl ofeddiod] wherglrai m 1 wherei n the passing increases an
outward conc 12. The method of claim 1l wherein: the
bit is an ab?ﬁg%zg%%aBH§“§QQ%he met hod of claim1 wherein: the bit is an
abrasive bit having a doubly convex surface portion used to nachine said

base. 143, Thqhmelaqm Sfelshél Whdreifrerei n: the form ng conprises grinding
with a grindi 15. .The netq?d ff claim] wherein: the faormng

[
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16. Thebart hod of claim 1l wherein: the axis is between 5 and 30 off-nornal
to the direction of the passing. 17. The nethod of claim 1 wherein: the
axis is inclined relative to the direction of the passing. 6

14. The method of claim 1 wherein:

the forming comprises grinding with a grinding wheel.

15.  The method of claim 1 wherein:
the forming comprises grinding with a series of grinding wheels of differing widths.

16.  The method of claim 1 wherein:
the axis is between 5° and 30° off-normal to the direction of the passing.

17. The method of claim 1 wherein:

the axis is inclined relative to the direction of the passing.





