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This invention relates to the fluid impelling
and/or fluid impelled art and particularly to a
rotor construction and the mounting of the
blades thereon. In the turbine field especially
wherein are encountered severe strains. and
stresses incidental to high rotative speeds, the
prior rotor structures have been quite heavy and
cumbersome, .

The primary object of the present invention
is to provide a light weight rotor of practical
and durable construction, and one that may
be produced economically and maintained in
repair most readily.

An equally important object of this inven-
tion is to provide the lightest possible construc-
tion for the moving-blade carrying members by
securing the most efficient usage of the material
contained therein.

The invention further has for its object to
provide a novelly fabricated structure of simple
design which will satisfactorily withstand or ac-
commodate the axial thrust placed upon the rotor
by the air impelling blades thereof and effec-
tively transmit the driving torque during opera-
tion.

It is well known that a disk can be made the
lightest possible structure to resist a given radial
loading due to blades attached to its periphery
when the combination is rotated at high speeds.
It is also well known that a tubular shell can
be made the lightest possible structure to resist
lateral bending due to loads transverse to its
axis. ‘Such transverse rigidity is required in a
rotor to minimize undesirable vibrations of the
rotor and in particular to avoid instability con-
ditions by raising the critical speed of the rotor
above the normal operating range. Further, it
is well known that disks and shelis, particularly
when the thickness of such structure is reduced
to the minimum necessary for resistance to rup-
ture alone, are liable to instability ‘and vibratory
conditions which may impair their ability to
carry the blades in a chosen path and/or may
materially shorten the life of these structures.

It -is also well: known - that a centrally-holed
disk may be made lighter for a given loading
if splines or . other discontinuities which act as
“stress-raisers” at the central hole periphery
are avoided. - Provision for transmitting the tan-
gential loadings on the blades to the rotor shaft
may then be made by means of friction between
members fixed to the shaft and clamped to the
disk and the disk:itself.: Hithertofore such fric-
tional contact surfaces have not been disposed so
as to aid the disk in resisting centrifugal forces.

It has also been the practice heretofore to
utilize the separate advantages, and to counter-
act the disadvantages, of the other by combining
blade. carrying . disks with a tubular shell struc-
ture.
carrying ability of the disks and the transverse
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rigidity of the shell while the instabilities of the
thin disks and shell are avoided by their mutual
reinforcements. . Such combination has been
made, however, either by means whereby the
structural efficiency of the members has been
impaired by “stress raisers” or by making the
shell diameter less than the diameter of the
disks or else by welding together rimmed disks
in which the wide rims form part of the final
shell. This last means of assemblage has dis-
advantages in limitation on materials used, in
the special techniques and in the weight of ma-
terial in preparation of the parts required for
manufacture, and in the difficulty of maintain-
ing in repair, as well as other difficulties attend-
ant on assemblage of the blades to the structure.

Another disadvantage that. such composite
structures have heretofore suffered under is the
diaphragm vibration of the disks which are only
secured at their rims and are free to vibrate
normal to their plane elsewhere. Still another
disadvantage of such composite structures hith-
ertofore has been the massiveness of the disks
at either end of the rotor required to transmit
the transverse bending moments from the shell
to the stub shafts projecting from the rotor.

One phase of the invention resides in the an-
chorage of the blades to a plurality of axially
spaced disks through a shell encircling the disks,
in such a manner as to clamp the shell to the
disks and bind blades, disks and shell into a uni-
tary whole.

Further, the invention resides in the manner
of clamping the disks together on a hub to en-~
sure greater rigidity of the disks and/or to fric-
tionally transmit the tangential forces from the
blades to the hub, which clamping action may be
effected by means which will assist the disks in
resisting centrifugal forces.

Again, the invention will be found to reside in
structural features which enable a firm anchor-
age for the blades of the rotor.

The " invention "will ‘te comprehended more
readily from the following description, reference
being had to the accompanying drawings, where-
in:

Fig. 1 is a fragmentary longitudinal section
through the upper half of the improved com-
pressor constructed mn accordance with the pres-
ent invention; k

Fig. 2 is a cross sectional view through the
rotor depicting more clear:y the construction
designed for resisting the axial thrust thereon
incidental to its operation;

Fig. 3 is a defailed sectional view through one
set of the interlocking strain resisting ribs;

Fig. 4 shows a modified securement for the
rotor body forming disks;

Fig, 5 depicts a further modified mounting for
the disks;

g, 6 is a fragmentary view in longitudinal
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section depicting a medified compressor con-
struction; and

Figs. 7, 8 and 9 illustrate modified modes of
anchoring the rotor blades in place.

Referring more particularly fo the drawings,
the numeral | designates the stator of the im-
proved compressor and 2 the rotor, the latter
heing fixedly carried by 2 shaft 8 which has
journal support in the bcarinwc & and § of the
stator end frames 5 and ¥, regpectively. In the
forward end frame § of the SUa’soi is an annular
air receiving opening & in which are arranged
the guide vanes 9 that ssrve to direct the in-
flowing air against the refor blades {0 for mosi
effectively moving the air. Within the air de-
livery opening [{ of the aff end frame 7 are
arranged the fired guide vanes 12 which may
serve to dirset the high pressure discharge into
the wusual combustion chamber (not shown)
of the well-known gas turbine gystem. The rotor
blades {8 extend m"i Ny from the periphery
of the main roter ,olj and are disposed in
rows thersabout in alternation with rows of
fixed blades {4 on the stator frame {5. The
stator blades may bea made adjustable as well
as replaceable by equinping them individually
with ecircular hubks 15 and mounting shanks 1
threaded to recel J the clamp nuts (8. By thus
mounting the stator blades {4 they may readily
be assembled cn the stator shell and adjusted
for their most efficient performance.

For lightness, the rotor ho:”1 is mede with
an_outer sheil !“ and a suppeort z ﬁ FEeWOTrE
of disks. The number cf hody sk employed
will depend upon the length o f he drum-like
rotor, and the end disks 28, 21 and 22 will prei-
erably be heavier than tnc intermediate disks
23. The several disks are spaced M?lt on the
rotor shaft § by spacing collars 2¢ which form
therewith a composite hub and also serve to an-
chor the disks to the shaft when axial clamp-
ing pressure is brcught to bear upon the as-
sembly by the clamp nuts 27 and 28. ¥For this
purpose the hub-forming portions of the disks
may de reinforced and shaped to provide & wedg-
ing embrace, as depicted at 27. I_1kbwise, the
spacing collars may have cooperating cam faces,
as shown at 28 in Fig. 4 wherein ring-shaped
wedges 29 are utilized to anchor the heavier
end disks on the chaft. Or, the hub-forming
portions of the disks may ke extended, as shown
at 38 in Pigz. 5, to constitute the desired spac-
ing medium and thereby eliminste the neces-
sity of the separate spacers. In lieu of the
wedge rings 28, the preferred embodiment of
Fig. 1 employs a relatively heavy torque ring
31 which is splined oni vhe shafl at 32 and has
radial fingers 33 interengagingly straddling lugs
34 on the end disk 23.

The rotor construction Ju deseribed is light
in weight and readily f{abricated. 'The several
disks may attenuate radlally toward their pe-
ripheries and be attached thereat to the shell.
This is accomplished herein by having the blades
anchored directly to the disks, and for this pur-
pose the shell is formed with s peripheral se-
ries of holes {8 in the plane of each disk.
Through these holes extend the anchoring stems

35 of the blades 42 for bheing secured to the
disks. The blades seat upon the shell to form
an interlock therewith which, when they are
anchored to the disk, will bind the shell and
the disks into a rigid unit. If desired, the
rotor blades may have divided shanks &5 for
straddling the peripheral edges of the disks for
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securement thereto by suitaple anchor fasten-
erg, such as rivets &8, ag a means of secure-
ment between the disks and the shell. The
hroadenad bases 48 of the blades seat in re-
cesses (% in the shell for lying flush with its
cuter surface and to afford support against an-
gular displacement.

For reinforcing the rector structure afamst
axial thrust, two or more of the 4k Mz,, ay be
united rigidly to preclude relative late 131 mo-
tion uhervbet*veﬂn To this cnl t ¢ heavier
disks 24 and 22 are pmdeJ on their adjacent
faces with ra mal riks 3%, each 1‘:b of one disk
overlasping & companion one of the other disk
and ke “secured o companion rib
throughout its length by suitable fastening
means 8. This provides a braced saction in the
fabricated rotor which gives rigidness thereio
against the reactive
blades.

£ T
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forces from the aly moving

The end framses § and 7 of the giator hou
ing provide jou iy e shaft 3, as
above statzd. ngy be ar-

ranged in a
the rotor. I
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& ovably

a pair o aaling rings

4 ."noc, 2, ball bzaring 42 is wounted in

tne end 4131 3 by n sealing ring

carriers 43, the frame-carried race f4 being se-
cured by the hearing cap £85.

The divided sha ”s 35, Fig. 8, may be spot

welded to the dick as an aliernative moo_e of
hade awm’&h‘"le L, this being conveniently ac-
plished ny the cooperating electrodes 47 and

Or the ditks €8 may have a broad rim 49,
iz, 7, forraed with ir lined seabs in which the
ades BJ have their roots or chanks 89’ placed
in a manner to lie dush with the side faces
of the rim. Thus, spaced parts on the disk
straddle the bla ﬁe sh:mks The blade attach-
ment iz rendered ure by anchor fasteners in
the form of wire Jnn:,;s 54 whicn fit in lateral
ant U1ar grooves or seats 52 in the opposite side
faces of the rim and the flush portions of the
blade shanks. his simplified mode of blade at-
tachment transmits the blade loads to the disks
by dousle shear on the wire rinzs at both the
sding and trailing biate edges. The anchor
ings will be rem:z‘.eﬂ in place by suitahble means
c ning or rolling the outer edges
t,z coves (ot shown).

]

cf the
The shell of the drum may be of solid sheet

formation, as illustrated in Fig. 1, or it may be
composed of a series of ring shaped sections §3
having their margins 84 ofiset to nest in or tele-
scopically fit the mearginal porticns of the ad-
joining sections, as shown in By, 6. By mak-
ing the drum sections ¢f progressively increased
diameters the rotor wiil take on the form of a
flaring body. Frefervably, the ssveral sections
will he zecured togethsar by the hizde mounting
shanks 5% and their thread ezg;aomf{ nuts 5%
which latbter zerve to unite thz druin, blades
and disks 57 intc one vigid roter structure. The
1‘ot("a blade ts §8 extend inwardly through
ial ho into pockets §3 in the disks for
1‘°celvm %5 whichh act in radial ten-
sion upon the disks as they ¢ 1¢ w the blades and
the shell inwardly to provide s practical struc-
ture in which the blades "nay Be angularly ad-
justed in a manner similar to the stator blades
14 in Fig. 1. Obvicusly, the stator sheil {5 may
e composed of ring sections in like manner-as
the rotor of Fig. 6.

!
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Or, the shell of the drum may be effectively
fabricated by interposing rings 54’ between the
rims 48’ of the adjacent disks 48, and suspend-
ing such rings from the stator housing by means
of the stator blades i4’. The rings close the
spaces intervening the rims 49’ and cooperate
therewith in forming a cylindrical shell upon
which the rotor blades 3§ operate. The closurs
rings 54’ may be congidered as constituting the
inner shell of the compressor through which
the disk carried rotor blades 50 extend. As an
alternative construction, depicted in Fig. 9, the
shell may be composed of rings 53’ overlapping
one another at their margins and having such
overlapping margins formed with apertures
through which the enlarged shanks 53b of the
blades 50c extend for anchorage by the rings
51, all in a manner similar to the disclosure of
PFig. 7.

In lieu of the special reinforcement 37, 38,
the rotor disks §7, Fig. 6, may be more substan-
tial and, if desired, with a reduction in thick-
ness in the larger disks. The smaller but more
vigid disks 57¢ may have enlarged hubs §9 splined
to the shaft §1 for better withstanding the torque
strains as well as the axial stresses. The lighter
but larger disks §7b at the opposiie end of the
rotor also may be interlocked io the shaft by
the feathers 2. Therefore, when the rotor hub

components are compressed by the clamp nuts, &

similar to nuts 28, they cooperate with the ta-
pered rings and hub surfaces 27’ and effectively
streteh the shaft 81 so that the latter will act
as a loaded spring, or tie member, thereby trans-
mitting torque through the friction on. the sur-
faces 27’ and relieving the splines of any sud-
den shock or intermittent vibratory loads. The
rotor will therefore be rigid in structure and
firmly fixed to the shaft.

The compressor is light in weight but never-
theless durable in construction by reason of the
tie-in connections between the component parts
which make up the rotor. The drum shell is
relieved of the full load of the blades but 1s
nevertheless interlocked to the disks thereby.
The torque strains are transmitted in a prac-
tical manner to the rotor disks while the latter
are designed to successfully resist the axial
thrust. While the foregoing description has
dwelt largely upon the disclosure as being ap-
plicable to the axial flow compressor, the in-
vention is capable of use in other types of fluid
flow machines where a light weight high speed
rotor is desired, such as turbines, fluid motors
and pumps, 2ll being comprehended in the term
COmMpressor.

The foregoing description has been given for
ease in understanding the invention and with-
out any thought of limiting its scope beyond
that defined in the appended claims, since the
inventive principles are capable of assuming
other physical embodiments without departing
{rom the spirit of the invention set forth.

What is claimed is:

1. A stator element and a rotor element, one
of said elements comprising a tubular body com-
rosed of ring-like sections each having its op-
posite marging telescopically fitting the margins
of adjacent sections, and blades carried by said
body and having anchoring shanks extending
through openings in the overlapped margins for
securing the sections against axial displacement.

2. A rotor comprising a shell composed of a
plurality of ring-like sections having marginal
)Jortions interfitting one another in a telescopic
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manner, a plurality of axially spaced disks ar-
ranged within the shell and supporting the same
at the interfitting margins, and blades carried
by the shell and having shank parts extending
through and close fitting to openings in the
interfitting margins and anchored to the un-
cerlying disks.

3. A rofor comprising axially spaced disks
each having an annular series of pocksts adja-
cent its margin thereabout, an enclosing shell
supported by the disks, the shell and disks hav-
ing registering holes opening inte the pockets,
blades seating on the shell and having shanks
extending through the holes and into the pock-
ets, and means in the pockets engaging the
shanks to secure the blades and shell to the disks.

4. A rotor comprising a series of axially spaced
disks each relatively thin and flexible in an ax-
ial direction and enclosed by overlapping mar-
gins of two cooperating rings forming a por-
tion of an outer shell, a fluid impelling blade
having as an integral part a base and a de-
pending shank, the base being recessed within
one of the cooperating rings to form a smooth
exterior surface for the shell, and the blade
shank extending radially inwards through the
overlapping margins of the cooperating rings of
the shell ang into a recess in the margin of the
digk, and a fastener attached to each blade shank
and acting to align the cooperating rings of
the shell and said fasteners acting radially to
tension the thin flexible disks and thereby ren-
der the structure resistant to all operational
loads.

5. A rofor comprising a shaft, a plurality of
axially spaced relatively thin flexible disks on
the shaft, an encircling shell enclosing the disks,
and fluid impelling blades, a torque transmis~
gion means congisting of splines between one
or more of the disks and the shaft, means for
centering and compressing the disks against con-
ical rings on the shaft, said blades having de-
pending shanks which extend radially inward
from the outer surface of the shell and through
rim portions of the disks, the shanks being se-
cured by fastening means recessed into holes
through the disks, the shaft together with the
conical ring tightening means and the blade
shanks as well as such fastening means serv-
ing to align the entire structure and make it re~
sistant to all operational loads and stresses.
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