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- ABSTRACT _
A boltless blade retainer which provides a cooling air

chamber around the dovetail slots of a turbomachin-

ery rotor is disclosed to include a continuous annular
ring which has a portion extending radially outwardly

- therefrom to radially position the rotor blades within
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the dovetail slots and to preclude axial movement of

the rotor blades within the dovetail slots. The blade -
retainer further includes a plurality of tabs which fit

between fingers which extend from a face of the rotor
disc near the rim thereof. The tabs and fingers hook
together in an interlocking manner which prevents rel-
ative rotation of the blade retainer and the disc. After

~ the retainer is positioned on the disc, a split retaining
ring is installed under the hook-shaped disc fingers
thus securing the blade retainer to the disc. A rabbet
“is provided near the rim of the rotor disc to support
‘the retainer in .the radial direction. - |

SR 14 Clalms, 3 Drawing Figures
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BOLTLESS BLADE AND SEAL RETAINER ~ bine rotor blades are prevented from axial movement

- within the dovetail slots by means of annular plates se-

Background of the Invention cured to the upstream and dewnstream sides of the

This invention relates generally: to turbomachinery  rotor discs by a plurality of bolts. The upstream plate
rotor eenstruetlen and, more particularly, to 1mpreved 5 - further helps to form the flow path for delivery of the
structure for retaining and posrtlomng retor blades on - cooling air to the spacers beneath the blade dovetails.

. a turbomachinery rotor disc. = . - a -~ The use of a plurallty of bolts to secure the annular

The invention herein described was made in the plates to the upstream and downstream sides of the
course of or under a contract, or a subcontract there- - r4tor disc presents certain disadvantages, however, in
under, with the Umted States Department of the Alr 10 that any protrusion from the rotating disc causes wind-
Force. " - | ~ ‘age within the chamber partially formed by the rotor
~ In high performance gas turbine engines, the temper- ~ disc side walls. This windage not only increases the
ature of _th'e hot a5 stream ’ wh_lch s gen_e.r_ated w:thrr:'  temperature of the air within the chamber but also adds
a combustion section, exceeds the operating tempera- o overall drag on the turbine rotor, both of which:

ture capabilities of any practical material from which 15
the turbine vanes and blades could be fabricated. In
order to reduce the metal temperatures to a point
where sufficient strength is maintained, it has become
an accepted practice to duct lower temperature, pres'- coricentration areas. To help overcome these prob-—.

surized air from the engine’s compressor to the turbine 20 lems, designers normally call for a large number Of_
components which operate in the hot gas stream envi- small bolts to be equally spaced around the rim of the

ronment. turbine disc. This large number of bolts, of course, adds

The cooling air thus derived is employed in various . both to the weight of the engine and to the. tlme re-

- ways to reduce the metal temperatures of such compo- quired for assembly or disassembly. *
nents. As a general rule, this cooling air is introduced 25 ‘The use of the spacers beneath the blade dovetails to

into hollew blades or vanes and then dlseharged into radially PUSIUOH the blades and to prevrde space for the

‘reduce engine performance The use of bolts causes an
additional problem in that bolt holes located within the
rotor disc increase the rim loading and result in stress

the .hOt gas stream. This cooling air reduces the compo- delwery of cooling air to the inserts somewhat cemph-
nent metal temperatures through various heat transfer . cates 3553“1‘31}’ procedures and adds to the time re-
‘mechanisms, such as convective, impingement, or film quired for assembly. The spacers themselves also add
cooling action. To enhanee the coelmg, the interior of 30 to the overall materials cost of the engine. Therefore,
rotating blades and stationary vanes may be equrpped if the spacers could be eliminated, the cost of the tur-
with inserts having a large number of small holes pro- - bine rotor assembly would decrease.. .
vided therein through which air is impinged on the inte- - It is desirable, therefere to provide a blade retainer
rior surfaces of the blades or vanes. - _ deSIgn which includes provisions for not enly retaining
The provision of such inserts for 1mp1ngement cool- 3.5 but also for radially positioning the rotor blades within
ing of static vanes is relatively stralghtforward from an  the dovetail slots and further includes provision for de-
assembly standpoint. However, in rotating compo- - livery of cooling air to the blade dovetails without the
nents, and particularly in the blades of turbine rotors, requirement for a number of bolts extendmg from ei-
great difficulties may be encountered in attempting t0  ther the upstream or downstream sides of the turbine
provide sqch inserts. The problem is further compli- 40 rotor discs. e L |
cated when one considers that the cooling air must be Boltless blade retainers per se are net new. Fer exam-
delivered to the interiors of the rotor blades while these . . ple, it is known to provide mating grooves in a lip ex-
blades are rotating at extremely high speeds. To over- tending from the rim of a turbine rotor disc and in the
come these problems, a number of designs have 45 blade dovetalls. A leckmg wire is then pesnttened-
evolved in recent years. One such desrgn which has ‘within the groeve thereby preeludmg ax1a1 movement
proven successful is shown and claimed in U.S. Pat. No. - of the dovetails within the dovetail slets An example

3,715,170, issued Feb. 6, 1973 in the name of J. W.
Savage et al., and assrgned to the same assrgnee as the
present mventmn | | |

_of this type of de31gn 1S shewn in US. Pat. No.
2,713,991 — ‘Secord et al. De31gns smular to this, how-

As described in the Savage et al apphcatlon a tur- 30 ever, are concerned merely . with precludmg axial
bine blade is provided having a thm-—walled cambered_ - movement of the blades and not with pm‘ﬂdmg coohng-_
airfoil pertlen ‘and a single, circular arc d ovetail air to the blade nor w:th eennectmg a sealmg member

| formed integrally therewith. Impingement inserts ex- of any type. to the rotor disc. o
It is further known to prewde mdw:dual cover plates

tend outwardly from and through radial passageways |
formed in the dovetail into the ‘cavity of the airfoil por- 55 for each rotor blade, which plates serve not only to re- |
tain the blades within the dovetail slets but also to

7 tion. The inserts are insertable threugh this passageway
and include a multiplicity of holes directed toward in- ‘block off the gas flow between elongated blade shanks
or to serve as gas seals with adjacent stationary mem-

ternal surfaces of the airfoil portion. An iniet opening |
at the bottom end of the insert admits eeelmg air which _, bers of the turbine. Such a design is shown in U.S. Pat.
No. 3,137,478 — Farrell. These designs also are not

is discharged from the insert holes to impinge the airfoil

surfaces and cool the same. As further shown in the ce_ncerned with prewdrng cooling flow to' the turbine

Savage et al. application, the impingement inserts are dovetalls, dovertails, and the potential leakage between

maintained in place by means of a hollow spacer which = the individual cover plates would appear to preclude

fits within the dovetail slot of the rotor disc beneath the 65 their use in such a manner. Furthermore, the problems

blade dovetail. This spacer is supplied with cooling air ~ associated with assembling a design which requirestwo

by means of a passageway formed along the surface ef ‘separate cover plates for each 1nd1v1dual turblne blade et
i the roter dtsc As alse shewn in the appheatlen the tur- T 'hardly need mentlemng T T T T
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SUMMARY OF THE INVENTION

It is a primary object of this invention, therefore to

provide a boltless blade retainer for turbomachinery

rotor blades which includes provisions for the delwery
of cooling air to the blade dovetail area.

It is a further object of this invention to provide such

3,768,924

a retainer which includes provisions for radially posi-
tioning the rotor blades and for connecting ring-type .

parts such as seals, retainers, etc. to a rotor disc.

are achieved provrdtng a turbomachlnery rotor in
which a rotor disc includes a series of equally spaeed-

10
Briefly stated, the above and similarly related ob]ects |

hook-shaped fingers near the rim ‘thereof. A continu- -

ous, annular ring blade retainer 1s desrgned to include

15

a pluralrty of tabs which fit between the rotor disc fin-

gers in an interlocking manner which prevents relative
rotation between the blade retainer and the disc. After
the retainer is positioned on the disc, a split retaining.

ring is installed under the hook-shaped disc fingers,

thus securing the blade retainer to the disc. A rabbet is
provided near the rim of the rotor disc to support the _'

retainer in the radial direction..

4

blade row. A tang 18 extends i'nwardly'of the platform

16 to attach the blade to the rotor disc 10.

‘The tangs 18 are of the single dovetail, circular arc _'
type and are. preferably formed with- their oppos:te |

sides deﬁned by radii formed from dlﬁ'erent centers as’

taught in U. S. Pat. No: 3,378,230, which is of common

‘assignment with the present application. The disc 10
has correSpondlngly shaped. dovetail slots 20 formed
~across its circumferential face, which slots receive the
‘tangs to mount the blades 12 to the disc 10. |

The slots 20 have a depth greater than the dovetall
height of the tangs 18 to facilitate insertion of the tangs
therein and to facilitate delivery of cooling air to the
tangs 18 1n a manner to be discussed. Since the dovetail
slots 20 and the dovetail tangs 18 are. not respectively
formed on radii swung. from a common center;, the

- _tangs must be inserted in the lower portion of the slots -
~and then shifted radlally outwardly to lock the blades':'-

Other preferred features are found in sizing the blade

retainer such that a portion thereof rests beneath the

25

-platforms of the rotor blades and prevents the blades.

from dropping down into the dovetail slots when the

turbomachinery is stationary. Safety stops are provided

integrally with-the blade retainer to preclude bending

of the rotor disc fingers beyond their yield point during
operation. In addition, a lip on the blade retainer tabs

is provided to secure the retaining ring should it break

or become weak and attempt to fall out when the en- -

gine is idle. An installation stop is provided to preclude .-

the blade retainer tabs from being bent beyond their
‘yield points during assembly or disassembly thereof. Fi-
nally, shoulders are provrded on the retaining ring to

enable assembly and disassembly of the overall struc- -

ture.

DESCRIPTION OF THE DRAWINGS

30

40

Whrle the spec:lflcatlon concludes wrth a serres of
claims whleh dlstlnctly claim and partrcularly pomt out -
“the subject matter which Appllcants regard to be their. -

invention, a complete understanding.: of the invention
“will be gained from the following detailed descrrptlon .

43

given in connectlon wrth the accompanymg drawing,in

‘which: - | |
- FIG. 1 s a fragmentary, generally longrtudmal sec-

tion through a turbine rotor and hlade embodymg the

| present mventlon

~ FIG. 2 is an enlarged seetlonal view showmg a por-
tion of FIG. 1;and |

FIG.3is a fragmentary, axial section taken in the di-
rection of line 3—3 of FIG. 2. |

DESCRIPTION OF A PREFERRED EMBODIMENT_

-0 in place. The blades 12 are held in this radial position -

by boltless -blade retamers 22 and 24 located on the up-

stream and downstream faces of the turbme rotor disc
10, respectively. |

The space between the bottorn of the tangs 13 and |
the bottom of the dovetail slots 20 is generally desig-

‘nated by the numeral 26 (FIGS. 2 and 3) and is sup-
plied with coollng air by means of a plurallty of holes -

28 formed in the upstream blade retainer 22. As shown
in FIG. 1, the cooling air 1s delwered to the dovetall-
slots 20 (or the space 26) from the compressor (not.-
shown) by a passageway 30, whlch includes a station-

“ary expander nozzle 32 to further cool the air as is well

known in the art. Air flows through the expander 32

" into a chamber 34 formed by the upstream face of the
‘turbine rotor disc 10, a second rotating disc 36, and the

upstream blade retainer 22. The disc 36 is coupled for
rotation with the turbine rotor drsc 10 by means of a‘_

| plurallty of bolts 38.

‘The cooling air flows from the expander nozzle 32
into the chamber 34 through a plurality of holes 40
formed within the disc 36. This cooling air then flows |
from the chamber 34 through the holes 28 in the up-

stream blade retainer 22 and into the spaee 26 wlthm
the dovetarl slots 20 From the slots. 20 the a1r is deliv-

‘ered to the interior portlons of the blades 12 in any

known manner. In the present example the air is deliv-

ered through a plurality of passages 42 formed within

the dovetail tangs 18. As previously mentioned, the

- passages 42 may be equlpped with impingement inserts

50

35

‘Referring now to the drawmgs wherein like numerals -

correspond to like elements throughout, reference: is
- directed 1n1tlally to FIGS. 1 and 3 wherein a turbine

60

rotor disc 10 is illustrated as having radially projecting |

turbine blades 12 mounted in a circumferential row

thereon. Each blade comprises a cambered airfoil por-

tion 14 which projects into the hot gas stream of the
~ turbine as is well known in the art. A platform 16 1s pro-
vided at the base of each airfoil portion to compositely

65 .
_ing description will be limited to that necessary to de-

scribe the upstream blade retamer 22 in that the basic
| 1S srmllar )

(not shown) to enhance the cooling capabilities. These

“inserts could be held in plaee by a slight interference fit
between the insert and the passage 42; and the spacers

shown in the Savage et al appllcatron could be elimi-

nated, thus further slmphfymg and reducmg the eost of
the rotor.. =~ |

- As drscussed above the blades 12 are held in thelr

desired radial position within the dovetail slots 20 by
means of the blade retainers 22 and 24 (thus permitting
removal of the spacers). When assembled, the blade

retainers 22 and 24 not only prowde this function but
also preclude axial movement of the blades 12 within
‘the dovetail slots 20 and, furthermore, provide a sealed

cooling air chamber around the dovetail slots and blade
tangs, as will now be described. (For clarity, the follow-
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| S
The blade retainer 22 is Ct)mprised basieally_of a ctm-
tinuous, annular ring 44 (FIG. 2) having a leg 46 ex-
tending radially outwardly therefrom and a plurality of

tabs 48 extending radially 1nwardly therefrom, as
shown in FIGS. 2 and 3. The tabs 48 fit between a plu-

rality of equally spaced, hook-shaped fingers 50 which

are formed integrally with and extend from the turbine

rotor disc 10. When assembled as shown i in FIGS 2 and_'

3, the tabs 48 and the fingers 56 provide an interlock

which prevents the retainer 22 from rotating with re- .

spect to the disc 10. As further shown in FIG. 2, the leg

46 is provided with means for radially positioning the

blades 12 within the dovetail slots 20. For this purpose -
the top of the leg 46 includes an enlarged head portion

52 upon which the blade platform 16 rests. In this man-

ner, the blades 12 are prevented from mpvmg radlally :

inwardly when the rotor disc 10 is stationary. -
As previously described, the blade retainer 22 coop-

erates with the rotor disc 10 and the disc 36 to form the
20

chamber 34. For this reason the retainer 22 includes a
conical arm 54 which mates with a rim 56 of the disc
36 as shcwn in FIGS. 1 and 2. If desirable, a suitable
seal ‘58 can be provrded between the comcal arm 54
and the disc rim 56. Located between ‘the enlarged

head portion 52 and the conical arm 54 of the retainer

22 is a seal tooth 60 which cooperates with a stationary
sealing member 62 to prevent leakage of the hot gas

stream into a chamber 64 (FIG. 1).

As shown most clearly in FIGS. 2. and 3 the radlal leg'-

46 of the blade retainer 22 includes a plurality. of the
cooling air holes 28, prevrously discussed, which permit

the delivery of cooling air from the chamber 34 to the
spaces 26 within the dovetail slots 20. If desrrable a

second row of eoclmg air holes 66 can be. pesrtlened

radlally cutwardly from the ccclmg air holes 28 as
shown in FIG. 2 to deliver ccclmg air from the chamber

64 to the rim of the turbine rotor disc 10.1In an alterna-_

tive design, ‘the ccolmg air holes 66 can be eliminated

and any necessary ccolmg air for the turbme rotor disc
rim can be allowed to leak between a prcjectmn 68
(FIG. 2), which abuts the face of the turbine rotor
| blade shanks and the turbme rotor. disc rim. If neces-

sary, radlal slots (not shown) could be formed in the
prcjectlcn 68 to meter 2 proper amount of cooling air

to the rim area. In either case, the projection 68 pro-

vides the basic functtcn of preventing axial movement

rotor assembly 1s cemplete

As further shown in the drawmgs the ring pcrtron 44 5 o
> for a much lighter weight rotor not only because of the

- 'elrmmatlcn of the bolts and nuts but also because the

of the blade retainer 22 fits between the hook-shaped

fingers 50 of the turbine rotor disc 10 and a continuous,
~ annular rabbet 70 formed integrally with the rotor disc

10. The rabbet 70 is provided to support the retainer

22 radial load. After the retainer 22 is positioned on the

.

'bent beyond their yield points during operatlcm of the

rotor disc 10. This overspeed safety stop is provided by
hcldmg a close clearance between the inner diameter
of the ring portion 44 of the retainer 22 and the outer

diameter of the fingers 50 at location 80 (FIG. 2). Criti-

cal loads which would otherwise occur in the fingers 50

- are thus transferred dlrectly to the rabbets 70 of the_

10

_dlsc 10.

In assemblmg the turbine rotor as shown in the draw-
ings, the retainer tabs 48 are indexed between the disc

fingers 50. The retainers are pushed axially onto the

~ disc until pm]ectron 68 contacts the disc 10. A simple

15

25

installation tool is then used to push the tabs 48 toward
the rotor disc 1. The split ring 72 is then positioned
between the fmgers 50 and the tabs 48, and the tabs 48
are permitted to return to their normal posrtlcn thus se-
curmg the ring 72 as described above. A shoulder 84

is formed integrally with the tabs 48 to preclude the

“tabs 48 from being bent beyond their yield points dur-

ing assembly. Once assembly of the blade retainer 22
is.completed, the rotor blades 12 are positioned within
the dovetail slot 20 and the blade retainer 24 is then as-
sembled on the opposite side of the rotor disc 10 in a
manner similar to that described above for the blade

retainer 22. Dlsassembly of the rotor is accomplished

by merely reversing the above-described steps. Shoul-

- ders 82 and 83 are prowded for pulling thc retainers off

30

the dlSC .
"~ When assembled as descrlbed above the blade re-

tainers 22 and 24 secure the blades 12 in their desired
radial positions and preclude axial movement of the

" blades 12 within the dovetail slots 20. In addition, the

35

40

“blade retainers 22 and 24 provide a sealed chamber

arcund the bottom of the dovetail slots for the delivery
of ccclmg air thereto in the manner described above.

This sealed chamber is provided by the close fit be-
. tween the prcjectmg portions 68 of the retainers and

the rim of the rotor disc 10 and, furthermore, by the

~ continuous. seal between the ring portion 44 and the

rabbets 70. |
The constructlcn shcwn in the drawmgs and de—

~ scribed above provides a number of advantages over
"'-prevmusly used . retainer systems. For . example, the
- large number cf bolts ncrmally associated with attach- |

45 .

of the blades 12 within the dovetail slots 20 when the

ing blade retainers to the upstream and downstream _
sides.of the turbine rotor disc have been eliminated..

‘This significantly reduces the number of parts mvclved

and thus the time associated with assembly of the tur-
bine rotor. The elimination of the bolts also provides

~ rim of the rotor disc 10 need not be as thick due to
~ elimination of possible stress concentration areas asso-

55

disc 10, a split retaining ring 72 is installed between the -

hcck-shaped fingers 50 and the tabs 48. In this manner,
" the retainer 22 is completely secured to the disc 10.

The ring 72 is spht in at least one location, as shown at

74 (FIG. 3) to permit assembly thereof. When assem-

bled as shown in FIGS. 2 and 3, the ring 72 is captured

ciated with bolt holes. Finally, the elimination of the

‘bolts' reduces windage losses whtch could occur on
“both sides of the turbine rotor disc. These wmdage

- losses not-only increase the temperature of the cooling
- air but also cause added work to be done by the turbine

60

rotor, thereby decreasmg the cverall efﬁetency of the

englne

between the hook-shaped fingers 50 and a projecting
lip 76 formed mtegrally with the tabs 48. In this man-

ner, the ring 72 is secured should it break or become

weak and attempt to fall out when the engine is statlcn-
ary. |

65

An overSpeed safety stop is incorporated in the de-

sign to prevent the hook- shaped fingers 50 from bemg |

From the precedmg dlscussmn 1t wrll be apparent
that deviations from the preferred embodiments -de-
scribed will occur to those skilled in the art. For exam-
ple, the disclosed structure could easrly be modified to
prcvrde for the attachment of any ring type part, such

as a seal or cover plate, to a comparable mating part
_such as a rotor dlsc or rotcs shaft or even to a statlonary B
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member such as a frame within a gas turbme engme
The spirit and scope of the present invention are there-

fore to be derived fully from the appended claims.
- Having thus described the invention, what is claimed

as novel and desu'ed to be secured by Letters Patent of 5

the United States is: |
1. A boltless blade retainer for a turbomachmery

rot_or which includes a rotor disc having a plurality of
blade dovetail slots therein and a plurality of rotor

blades 'positioned_within the slots, said blade retainer
comprising:

a continuous annular rmg,

means for securing said ring to a face of the rotor

disc,
- a leg extendmg radially eutwardly from said nng, said

leg including means for radially positioning the
rotor blades within the dovetail slots and means for

preventing axial movement of the rotor blades
within the slots, and
said leg defining a

2. A boltless blade retainer as reelted m claim 1

wherein said ring securing means include a plurahty of
tabs which extend radially inwardly from said ring.

3. A boitless blade retainer as recited in claim 2 -
wherein said leg further includes means for passmg_

cooling air to said cooling air chamber.

4. A boltless blade retainer as recited in claim 3 in

combination with a rotor disc, said rotor disc including

a plurality of hook-shaped fingers formed integrally

therewith and extending from the face of said disc, said

fingers being spaced so as to receive said blade retamer
tabs therebetween.

§. The combination reelted 1n. elaim 4 wherein said

hook-shaped fingers include a first portion extending
axially from the face of said disc and a second portion
extending radially inwardly from said first portion, said

combination further including a locking strip posi-
tioned between said tabs and said second portion of

said fingers.

6. The combination recited in clalm 5 wherein said

rotor disc includes a rabbet located radially outwardly
of said hook-shaped fingers, and said blade retainer

ring is positioned between said rabbet and said fingers.

7. A combination as rec:ted in claim 6 further includ-

ing a plurality of rotor blades positioned within the
dovetail slots, said blades including platforms forming
.~ the inner bounds of a gas flow passage, said blade re- -

tainers being further characterized in that said means
for radially positioning said blades comprise an en-
larged head portion at the top of said blade retainer leg,
~and said head portion lies beneath and supports said
blade platforms. |
8. A turbomachinery rotor which includes at least
one roter disc havmg a plurality of blade dovetall slots
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cooling air chamber around at
least a portion of the dovetail slots of the rotor disc.
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located in the rim thereof, a rotor blade positioned
within each of said blade dovetall slots, and a beltless

blade retainer, said blade retainer eomprlsmg
‘a continuous annular ring,

disc,

a leg extending radlally outwardly from said ring, said -

~ leg including means for radially positioning said
rotor blades within said dovetail slots and means

10 - for preventing axial movement of said rotor blades

within said slots, and

disc.

15 9 A_turbomachinery rotor as recited in claim 8
‘wherein said blade retainer is further characterized in

“that said means for securing said blade retainer ring to

a face of said rotor disc includes a plurality of tabs
which extend radlally mwardly from satd blade retamer |

ring. -

for passing eoolmg air to-said cooling air chamber.

ing from a face thereof, said fingers being spaced so as
- to receive: said blade retainer tabs therebetween.
12.A turbomaehmery rotor as recited in claim 11 in-

face of said rotor disc.-
15 13. A turbomachinery rotor as- rer.:lted in clalm 12
wherein said second blade retainer eompnses

a continuous annular nng,

means for securmg sald ring to a face of the romr :

disc,

40 a leg extending radlally outwardly from said rmg, said -
leg including means for radially positioning the
- rotor blades within the dovetail slots and means for
‘preventing axial movement of. the rotor blades -

within the slots; and

45 - - _sald leg defining a eeohng ailr chamber around at_:'
least a portion of the dovetail slots of the rotor disc.

14. A _turbom_aehmer.y.rotor as recited in claim 12 in-
cluding a first locking strip positioned between said

blade retamer tabs and said hooked-shaped fingers of

50 said first face, and a second locking strip positioned be-
- tween said- blade retainer tabs ef said seeond blade re-
tainer and hook-shaped fingers. formed integrally w1th'

‘and extendmg from said Oppomte faee of sald retor

disc. = . S
5 . * -4;_'#_ ERE
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- means for securing sald rm_g to a faee of said rotor'_'

said leg defining a coolmg air. chamber around at
least a portmn of said dovetall slots of said rotor

10.:A turbomachmery mtor as recited in elalm 9
wherem said blade retainer leg further includes means

11. A turbomachmery rotor as recited in claim 10
wherein said rotor disc includes a plurality of hook-
shaped fingers formed integrally therewith and extend--

cludlng a second blade retainer, said first blade retainer-
being secured to a first face of said rotor disc and said -
second blade retainer belng seeured to the oppesne_--



	Front Page
	Drawings
	Specification
	Claims

