June 19, 1956 W. A. LEDWITH 2,751,189

BLADE FASTENING MEANS

Filed Sept. 8, 1950

jgﬂisyul.

i
|
i
|
1
i
!
1}
]
]
I
!
1
I
I
1
I
] S

[~ Y ’1 i

| 22 IS o ‘\:lé

=2 ST
= Lza u
6,
_____________ N

Lee @ coaZos
IWerd Z s o A. 1. celee-E&iz

iﬁ%’ CZ&L+29952£4iLrﬁcy‘_—

e/?ﬁiihnaﬂmz<ggyn

N TP oD 5

o g P




United States Patent O

2,751,189
Patented June 19, 1956

CC

1

2,751,189
BLADE FASTENING MEANS
‘Walter A, Ledwith, Glastonbury,
United Aircrafi ‘Corporation,
-eorporation of Delaware
-Application September 8, 1950, Serial No, 183,714

14 Claims. (CL 25377

Conn., -assignor to
‘East ‘Hartford, Conn,, a

The present invention relates to means for fastening the
blading to the supperting .disc-or rotor in axial flow com-
-DFESSOrs or turbines.

In certain turbine “OT.COMPpressor constructions, particu-
larly in axial-flow multistage compressors, the axial spac-
ing of adjacent supporting structures for successive stages
18 50 close that:the axially inserted—blade~root.construction
cannot be utilized. It will he ‘obvious -that :the -conven-
‘tional, -axially inserted fastening, -one example - of which
is the “pine tree” type of blade roet, requires, for-insertion
in the supporting structure, an axia] spacing at least as
Sreat as the length of -the fastening itself and generally .a
slightly greater length. The blade lock, which prevents
:axial movement of the blade after it is positioned .on . the
‘supporting structure, makes the blade root before in-
sertion slightly longer than thesupporting structure, The
‘principal object of the ‘present invention is an -arrange-
-ment by which to permit dinsertion of blade roots in ithe
supporting structure -where the axial :spacing . of adjacent
Stages does not -permit the use of conventional ‘blade
‘mountings. This arrangement is particularly adyan-
tageous in a built-up rotor where it ‘would ‘otherwise be
necessary to «disassemble the -Totor -for ‘the replacement
of one or more damaged blades.

Another feature of the invention is a:blade ‘mounting
‘which will ‘permit, if «desired, the use.of .a sqlid. Or ‘unitary
rotor in which the stages -are :more closely spaced than
the axial length of the ‘blade root.

‘Other objects -and -advantages will be apparent from_the
specification :and claims, :and from the accompanying
drawings which illustrate an :embodiment of -the {qnven.
tion.

Fig. 1 is a sectional view
blade mounting,

Fig. 2 is - perspective view of .a part of ‘the ‘Supporting
structure and the blade -construction ready to be “posi-
‘tioned therein.

Fig. 3 is a view similarto Fig. 2 showing a modification
‘where ‘the blades -are widely spaced circumferentially.

Fig. 4 is a fragmentary side elevation .of the -disc -and
blade of Fig. 3 in-assembled position.

Fig. 5 is a sectional view ‘on the line 5—50f “Fig. 4,

The dnvention 4s shown in a built-up rotor-construction
in which the successive rows of ‘blades are carried by
separate discs ‘2 -with the several stacked discs iholted ‘to-
gether in axial -alignment by .a row of bolts 5 extending
through ‘bosses 6 -arranged ina ring concentric o the -axis
of the disc. n the arrangement shown, the -axial spacing
of the discs 2 is-such that the distance .z between adjacent
«discs -as the periphery of the disc where :the :blade root
engages the disc is less than the -dimension ;6 .of the blade
roct itself. It will be . obvieus that the blade root struc-
ture -herein described is applicable -to other rotor con-
structions, as for example to a unitary .construction in
which the adjacent «discs .2 are integrally .connected to-
gether.

“The periphery of «each disc 2 has a wide Tim 4 having
circumferentially spaced projecfion 8 defining between

‘through a -rotor utilizing :the

10

20

25

35

40

45

50

55

60

70

-axially extending,

«described in .Fig. 2 -and ‘the

:2 )
them .axially -extending slots 10 .to receive the similagly
shaped ‘blade root 12 on the blade 14. TIn the arrange-
anent shown in.Fig. 2 the blade has a platform 16 defined
by flanges 17 Projecting i '

The .cil:curnferentially spaced slots 10 apd
blade root 12 are dovetail in shape, although othier shapes
-of ‘blade root.may be utilized, such that the blade root has
an .axially €xtending enlargement thereon and the slot is
Aundercut to receive the enlargement to prevent radial.out-
ward movement .of the blade relative to the slet.

With the arrangement so far described, the blade -To0t
12 could be inserted -endwise into the slot 10 provided the
aim 4 was suitably spaced from adjacent structures to
leave ample space axially of the rim for the placing .of
the entire blade oot in.alignment with the slot adapted
to receive it. .Since this.is.not always.possible, the inven-
tion contemplates an arrangement by which the Jblade root
imay .be .inserted -radially into the receiving slot and then
moved only a short. distance -axially into Jocked position,
To -accomplish this, .each .of .the -projections .8 js divided
-axially by :circumferentially -extending .grooves 18 .there-
by in effect forming .a number of axially spaced . dovetail
Prejections 18, he -dovetail blade root 12 :is similarly
-broken .up by transverse .grooves .or notches 20 ag -deep
as the ;grooves 18 forming spaced-dovetail. projections or
H0GCt elements 21 which ;are'substantiallyequal in width
1o the .grooves 18. -Both .grooves 18-and 20 -are.equal .in
‘width .to -the axial dimension of -the .dovetail Pprojections
-21 :and 19 .0n the blade root and -the-disc -Tespectively.

With this arrangement it will-be apparent.that the blade
-amay be placed in position .by -inserting it radially into the
-detted line position of .Fig. 1.such that.the ‘projections 21
-on the -blade root will dline up with the grooves 18 .on the
-disc. The blade is then moved axially a-distance equal
Operative position on the disc. A ‘Drojecting -tang 22
formed on the blade root and -extending -radially -inward
therefrom limits ithe axial movement. of the ‘blade beyond
its operative :positien. After the blade -has been inserted
-axially to its {Proper ‘position -a Jaterally Pprojecting tang
24 on -the -blade root opposite to the .tang 22 ‘may then
-be tbent -dewnwardly into ‘the :position shown in Fig. 1
‘thereby 'supporting -the \blade against -axial :movement ‘dn
-¢ither direction. :

An the arrangement shown in Figs, 3, 4-and 5 the disc
32 thas a -rim .34 with projections 38 :thereon providing
«citcumferentially spaced :blade -root re-
ceiving slots 40 .and -the ‘blade -44 has -a blade ‘100t - 42
:adapted :to -fit in -the slot.  Projections .38 on the Tim
-and:the projections-on the blade reot:are both interrupted
by circumferential grooves.48:and 50 in the manner. above
blades are ‘inserted ‘in ‘the
‘manner -above -described,

In this arrangement, -however, which is ‘partictlarly
-adapted for a wider ‘circumferential spacing of ‘the blades,
the blade itself hag no ‘platform corresponding to ‘the
-platform 16 of Fig.2. "The space ‘_be_tween-adiaccnt'_bladqs
after they ‘have ‘been positioned on ‘the rim is filled by
filler pieces or plates 52 ,hav‘_iqg‘.inwar,dly extending .pro-
‘jections 54 corresponding in number and axial dimen-
sion to the grooves 45. 1In the.circumferential direction,
however, the projections 54 are of such a shape as to
_broject beyond the side edges of the Pprojections 38 and
into the Brooves 50 of the blade roots as shown in .the
dotted Tine in Fig. 4 thereby effectively locking ‘the blades
in their operative position and preventing any axial move-
ment.of the blades. The Dlates extend circumfer,entiall,_y
from blade to blade and into engagement with adjacent
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3
blades at the outer portion of the roots as clearly shown
in Fig. 4.

The filler plates may be held in position by pins 56,
Fig. 5, extending through axially aligned openings 58 and
60 in the projections 38 on the pim of the disc and the
‘projections 54 on the filler plate. If desired, the lock-
ing pin 56 may be hollow to receive a locking wire 62
which extends beyond the end of the pin and may have
its ends bent radially outward to fit between positioning
lugs 64 on the ends of the dovetail projections 38. In
this arrangement the filler plates 52 in conjunction with
the blade roots 42 form 2a continuous surface for the
inner boundary of the gas path over the operative sec-
tions of the blades. With this arrangement the required
axial spacing of adjacent rows of blades need be only
‘slightly greater than the axial dimension of each of the
_individual projections making up the blade root 42. Ob-
viously, the radial dimension of adjacent discs must be
‘qufficiently different to permit the insertion of the pins 56.

1t is to be understood that the invention is not limited
to. the specific embodiment herein illustrated and de-
‘scribed, but may be used in other ways without departure
“from its spirit as defined by the following claims.

Iclaim:

1. In a blade fastening, a disc having a number of
circumferentially spaced axially extending slots, blades
having roots corresponding in shape to, and fitting in,
‘said slots, each of said slots being undercut to receive
the root to prevent radial outward movement of the
blade, said disc having circumferential grooves therein
at least as deep as and intersecting said slots, and each
‘plade root having similarly shaped notches at least as
deep as the slots and defining spaced projections spaced
-apart to correspond to the spacing of the circumferential
‘grooves, each projection having an axial dimension at
least as small as the associated groove in the disc to pro-
-vide for radial insertion of the blade root into alignment
with the slots, and filler pieces located between and over-
lying the surface of the disc between adjacent blades
mounted on the disc, said filler pieces having projections
on the inmer surface fitting into the circumferential
grooves in the disc, and means engaging said projections
“and disc for holding said filler pieces in position.

5. In a blade fastening, a disc having a number of
circumferentially spaced axially extending slots, blades
‘having roots corresponding in shape to, and fitting in,
said slots, each of said slots being undercut to receive the
root to prevent radial outward movement of the blade,
said disc having circumferential grooves therein at least
‘as. deep as and intersecting said slots, each. blade root

having similarly shaped notches at least as deep as the °

_slots and defining spaced projections spaced apart to cor-

respond to the spacing of the circumferential grooves,
each projection having an axial dimension at least as
_small as the associated groove in the disc to provide
for radial insertion of the projections into alignment
with its slot, and filler pieces located between adjacent
blades and mounted on the disc, said filler pieces having
projections fitting into the circumferential grooves in the
disc, and means engaging said projections and disc for
holding said filler pieces in position, each of said filler
pieces being wide enough circumferentially to fill the space
between adjacent blades on the disc.

3. In a blade fastening, a disc having a number of
circumferentially spaced axially extending slots, blades
having roots corresponding in shape to, and fitting in,
said slots, each of said slots being undercut to receive
"the root to prevent radial outward movement of the blade,
said disc having circumferential grooves therein at least
as deep as and intersecting said slots, and each blade
root having similarly shaped notches at least as deep as
the slots and defining spaced projections spaced apart to
correspond to the spacing of the circumferential grooves,
each projection having an axial dimension at least as
small as the associated groove in the disc to provide for
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-groove in the disc,

4

radial insertion of the projections on said root into align-
ment with its slot, and filler pieces between adjacent
blades having projections fitting into the circumferen-
tial grooves and of such a dimension as to project into
the notches in the blade roots to prevent axial movement
of the blades after they have been assembled.

4. In a blade fastening, a. disc having a number of
circumferentially spaced axially extending slots, blades
having roots corresponding in shape to, and fitting in,
said slots, each of said slots being undercut to receive
the root to prevent radial outward movement of the blade,
said disc having circumferential grooves therein at least
as deep as and intersecting said slots, and each blade
root having similarly shaped notches at least as deep as
the slots and defining spaced projections spaced apart to
correspond to the spacing of the circumferential grooves,
each projection having an axial dimension at least as
small as the associated groove in the disc to provide for
radial imsertion of said projections on said root into
alignment with its slot, and filler pieces between adja-
cent blades having projections fitting into the circum-
ferentia] grooves and of such a dimension as to project
into the notches in the blade roots to prevent axial move-
ment of the blades after they have been assembled, and
means engaging said projections and disc for holding said
filler pieces in position on the disc.

5. In a blade fastening, 2 disc having a number of
circumferentially spaced axially extending slots, blades
having roots corresponding in shape to, and fitting in,
said -slots, each of said slots being undercut to receive
the root to prevent radial outward movement of the blade,
said disc having circumferential grooves therein at least
as deep as and intersecting said slots, and each blade
root having similarly shaped notches at least as deep as
the slots and defining spaced projections spaced apart to
correspond to the spacing of the circumferential grooves,
each projection having an axial dimension at least as
small as the associated groove in the disc to provide for
radial insertion of the said projections on the blade root
into alignment with its. slot, and filler pieces between ad-
jacent blades having projections fitting into the circum-
ferential grooves and of such a dimension as to project
into the notches in the blade roots to prevent axial move-
ment of the blades after they have been assembled, and a
pin extending through said projections and through the
disc for retaining the filler pieces in position.

6. In a blade fastening, a disc having an axial slot in
its periphery, said slot extending the entire width of the
disc, a blade having a root corresponding in shape 1o,
and fitting in, said slot, said slot being undercut to prevent
radial outward movement of the blade, said root and disc
having a number of circumferentially extending matching
grooves substantially the depth of the slot to provide for
radial insertion of the root into the slot, said grooves in
the root separating said root into a number of axially
spaced root clements, the axial dimension of each of
which is at least as small as the axial dimension of the
associated groove in the disc.

7. In a blade fastening, a disc having an axial slot in
its periphery, said slot extending the entire width of the
disc, a blade having a root corresponding in shape to, and
fitting in, said slot, said slot being undercut to prevent
radial outward movement of the blade, said root and disc
having a number of circumferentially extending matching

_ grooves substantially the depth of the slot to provide for

radial insertion of the root into the slot, said grooves in
the root separating said root into a number of axially
spaced root elements, the axial dimension of each of which
is at least as small as the axial dimension of the associated
and means engaging with said disc
for locking said blade against axial movement after it is
positioned in the slot.

8. In a blade fastening, a rotor having a substantially
cylindrical surface, a plurality of circumferentially spaced
axial slots extending the entire width of the outer surface
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of the disc, a plurality of blades having roots correspond-
Ing in shape to the slots in the rotor, each of said slots
being undercut and each slo¢ receiving the root of the
associated blade to prevent radial outward movement of
the blade, said cylindrical surface and said blade roots
having a series of matching circamferential grooves at
least as deep as the slots to form spaced Projections on the
blade root thereby providing for radial insertion of the
blade into a position such that the blade root projections
may be positiocned in axial alignment with the correspond-
ing slot in the rotor, the axial dimension of each projection
on the root being at least ag small as the axial dimension
of the associated groove in the disc and locking means on
the ends of each blade root for engagement with the ends
of the disc.

9. In a blade fastening, a disc having a number of
circumferentially spaced axial slots extending the entire
width of the disc, blades having roots corresponding in
shape to, and fitting in, said slots there being one blade
for each axial slot, each of said slots being undercut and
each slot receiving the root of the associated blade to
prevent radial outward movement of the blade, said disc
having circumferentia] grooves at least as deep as, and
intersecting, said slots, and said blade root having similarly
shaped notches ag deep as the slots and defining spaced
Projections spaced apart to correspond to the spacing of

in the disc to provide for radial insertion of the blade root
projection into alignment with the slots and locking means
cooperating with said bilade root and the disc to prevent
relative axial movement after assembly is completed.

10. In a blade fastening, a disc having a pumber of
circumierentially spaced axially extending slots, blades
having roots corresponding in shape to, and received in,
said slots, each of said slots being undercut and each slot
receiving the root of the associated blade to prevent radial
outward movement of the blade, said disc having circum-
ferential grooves intersecting said slots, and said blade root

ing laterally extending flanges thereon overlying the disc
and extending circumferentially far enough for engage-
ment with a similar flange on an adjacent blade on the disc,

11. In a blade fastening, a disc having a plurality of
circumferentially spaced axial slots in the outer surface
extending the full width of said disc, a plurality of blades

of the spaced projections on one of the blade roots into
the grooves in the disc In alignment with the correspond-
ing slot in the outer surface of said disc, and thereafter
for sliding said blade axially until the projections on the
Toot are out of circumferentia] alignment with the corre-
sponding grooves in the disc.

12, In a blade fastening, a disc having a plurality of
circumferentially Spaced axial slots in the outer surface
extending the full width of said disc, a plurality of blades
having roots corresponding in cross-sectional shape to the
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aforementioned slots in the discs, said roots and slots
being dovetailed to prevent radial outward movement of
the blades, said outer surface and each blade root hav-
ing a plurality of matching circumferential grooves, at
least as deep as the slots, to form spaced projections on
cach blade root and on the outer surface of the disc, the
axial dimension of each of the projections on each of the

axial dimension of the corresponding groove in the disc
and root respectively, thereby providing for radial inser-
tion of the spaced projections on the blade root into align-
ment with the corresponding slot in the outer surface of
said disc, and thereafter sliding said blade axially until
the projections on the root are out of circumferentia] align-
ment with the corresponding grooves in the disc, and an

against axial movement on the disc.
13. In a blade fastening, a rotor disc having a substan-
tially cylindrical surface, a plurality of circumferentially

of the blades, said cylindrical surface and said blade roots
having a series of matching circumferentia] grooves, at
least as deep as the slots, to form spaced projections on
each blade root and on the outer surface of the disc, the

and root respectively, thereby providing for radial inger-
tion of the blade info a position such that the blade root

radial movement of the blade, and locking means asso-
ciated wit%l eaqh blade and engaging the disc for holding

said blade roots having a series of matching circumfer-
ential grooves, at least as deep as the slots, to form spaced
projections on each blade root, and op the outer surface
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