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1. 

This invention relates to the fiuid 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 
CUmberSOrne. 
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 
COrinodate 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 shells, 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 inpair 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. Hitheirtofore 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. The resulting structure has the blade 
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 na 
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 
diaphragiin 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 be comprehended more 

readilly 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 in accordance With the pres 
ent invention; 

Fig. 2 is a CrOSS Sectional view through the 
rotor depicting more clearly the construction 
designed for resisting the axial thrust thereon 
incidental to its operation; 

Fig. 3 is a detailed 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; 

Fig. 6 is a fragmentary view in longitudinal 
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3. 

Section depicting a modified compreSSOr c01 
struction; and 

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

Referring minore par?icularly to the diraWingS, 
the numeral designates the stator of the in 
proved compressor and 2 the rotor, the lattei' 
being fixedy carried by a shaft 3 which has 
journal Support in the seatings and is of the 
stator end frames 5 and E, respectively. In the 
forWard end frane G of the StatO is an annular 
air receiving opening 8 in Which are arranged 
the guide væMes 9 that SSPVD to direci, the in 
fiowing air against the rotor biades € for mOst 
effectively noving the air. Within the air de 
livery opening of the aft eid ficane are 
arranged the fixed guide Waines 2 which linay 
Serve to direct the high preSSS di Scharge into 
the usual combustion Chaber (not shown) 
of the Well-known gas turbine system. The rotoi 
blades 3 extend radially froia the periphery 
Of the inai. 'otor ody and are disposed in 
IrOWS the realibout it? alternatioi? With rows of 
fixed blades É, on the stator fraig 5. The 
stator blades may be hade adjustable as well 
as replaceable by equipping then individually 
With circular hits 3 and illounting shanks : 
threaded to receive the ciamp nuts 8. By thus 
mounting the stator blades is they inay readily 
be aSSelmbled On the Stator shel 2nd adjusted. 
for their lost eficient parfor:Yangte. 

For lightness, the rotor body is inade with 
an outer shell 9 and a supporting frainework 
of disks, the number of body disks enployed 
will depend poin the length of the dirunn-like 
rotor, and the end disks 23, 26 and 22 Will pref 
erably be heavier than the interediate disks. 
23. The several disks are spaced apart on the 
rotor shaft 3 by Spacing coliars 86, which form. 
thereWith a coin posite hub and also seive to an 
chor the disks to the shaft when axial claimp 
ing presSuure is brought to besar Up On the aS 
Sembly by the clainp nuts 25 and 26. For this 
purpose the hub-forming portions of the disks 
may oe reinforced and shaped to provide a wedg 
ing ennbrace, as depicted at 2:... I likewise, the 
spacing collars may have cooperating cam faces, 
as shown at 28 in Fig. 4 wherein ring-shaped 
Wediges S9 are UtilizSed to ancho' the heaviel 
end disks on the shaft. Or, the hub-forming 
portions of the disks inay be extended, as shown 
at 33 in Fig. 5, to constitute the desired spac 
ing mediunn and thelreby eliininte the neces 
sity of the Separate Spacel's. I lisu of tha 
Wedge rings 23, the prefei'redi ei:m3odii3nent of 
Fig. 1 employs a relatively heavy torque ring 
3 which is splined on the shaft at 32 and has 
radial fingers 33 interengagingly straddling lugs 
34 on the end disk 23. 
The rotor construction just described is light 

in weight and readily fabricated. Ti The Severali 
disks may atteiluate radially 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 formned with a peripheral se 
ries of holes 3' in the plaine of each disk. 
Through these holes exte: the anchoring Steins 
35 of the blades 3 for being Secured to the 
disks. The blades Seat upon the shell to for in 
an interlock therewith Which, When they aire 
anchored to the disk, Will bind the shell and 
the disks into a rigid unit. If desired, the 
rotor blades may have divided shanks 33 for 
Straddling the peripheral edges of the disks for 
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4 
securerinent thereto by suitable a chor fasten 
els, such as livets 38, as a means of Secure 
ment between the disks and the shell. The 
roadened bases is of the blades Seat in re 

casses 3d in the Shell for lying flush. With itS 
outer Surface and to afford Support against an 
guilar displaceinet. 

For reinforcing the rotor structure against 
a:ial thrust, two or lore of the disks ray be 
inited iigidly to preclude l'alative lateral no 

tion there etyeen. To this eind, the heavier 
disks 2 and 22 are provided on th3il adjacent 
faces with racial ris 3, each rib of one disk 
overlapping & c.2:ngnanion one of the other disk 
and being Secured to Sich coilipallion rib 
throughout its ength by Suitable fastening 
means 38. This provides a braced section in the 
fabricated rotor which gives rigidiness thereto 
against the reagtive fo:C33 fron tha air Inoving 
biades. 
The ead fraines 8 and of the Stator hous 

ing provide jctii: Su;ppoit for the shaft 3, as 
3bOVe State?. Aitifricti01ì beaTìíì88 ::1ay be af 
ranged in a 33 anner to if nbly of 
the rotol. 3. a roller 
bearing 33 having its inile' race f3 renovably 
carie 3. - - - - 3ing rings 

Clinted in 
ing ring 

carrier's 23, the 
cured by the beari 

line divided S , Fig. 8, 22.37 be spot 
welded to the disk as an alternative inode of 
3:33e attach22a ent, £his beilng coïave32iently ac 
coraplished by the cooperating electrosies lii and 
f:3. Oi the disks 43 may have a broad in 43', 
Fig. 7, for:ed with inclined seats in which the 
clades i have their roots or Shanks G’ placed 
in a 'nanner to ie iush with the side faces 
of the rin. Thus, Spaced parts on the disk 
Straddle the blade Shanks. The blade attach 
Nein, is l’ecered Sectre by archor f2-Sterners in 
the forin of Wire ringS 53 which it in lateral 
aniular grooves or SeatS 52 in the opposite side 
faces of the 'ir at the fiush politions of the 
kade Shažaks. hiS Sinhpiíied in Ole Oí blade at 
tachment ti'an,SKF:inits the blade loads to the disks 

dig and tailing blade edges. 

Of the giCoves (inot shown). 
The shell of the drum may be of solid sheet 

formation, a S illustrateci in Fig. 1, or iš may be 
composed of a series of ring shaped sections 53 
haVi:ng thei{° 72 argi2a3 2 : Offset to 13 est in Or telle 
SCOficially fit te salurginal porticins of the ad 
joining Sections, as shown in Fig. 6. By nak 
ing the dru in Sectio::s of progressively increased 
dia:Fletel's the 'oto: Wii take on the form of a 
fiaring body. Prefel’aiy, the Several Sections 
Will be secuied together by the is de mounting 
Shall:S 5 and their thread engaging nuts 5 
Which iatter Seye to unite tha Cium, blades 
and diskS i inito one irigid roto Structure. The 
rotei' biade Shanks 55 extend inwardy through 
ira, dia! horie:S 3 - iii tie disks for 
'eceiving the titS 53 which act radial ten 
Sion upon the disks as they draw tie blades and 
the Shell inwardly to provide a, practical struc 
ture in which the blades nay joe angularly ad 
justed in a manner similar to the stator blades 
lº in Fig. 1. ObvioUsiy, the stator Sheil 5 may 
be composed of ring Sections in like manner as 
the rotor of Fig. 6. 

3. 
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Or, the shell of the drum may be effectively 
fabricated by interposing rings 54' between the 
rins 49' of the adjacent disks 49, and Suspend 
ing such rings from the stator housing by means 
of the Stator blades 4'. 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 closure 
rings 54" may be considered as constituting the 
inner Shell of the conpressor 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 5 Ed extend for anchorage by the rings 
5, all in a manner similar to the disclosure of 
Fig. 7. 
In lieu of the special reinforcement 37, 38, 

the rotor disks 57, Fig. 6, may be more substan 
tial and, if desired, with a reduction in thick 
ness in the larger disks. The Sinaller but more 
rigid disks Sid may have enlarged hubs 63 splined 
to the shaft 6 for better withstanding the torque 
strains as well as the axial stresses. The lighter 
but larger disks 57 b at the opposite end of the 
rotor also may be interlocked to the shaft by 
the feathers 62. 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 2 and effectively 
stretch the shaft 6i 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 is 
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 
fiow machines where a light weight high Speed 
rotor is desired, such as turbines, fluid motors 
and pumps, all being comprehended in the tern 
COImpreSSOI. 
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 aSSunning 
other physical embodiments without departing 
from the spirit of the invention set forth. 
What is claimed is: 
i. A stator eleinent and a rotor element, one 

of said elements comprising a tubular body con 
posed of ring-like sections each having its op 
posite margins 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 
Portions interfitting one another in a telescopic 
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6 
manner, a plurality of axially spaced disks ar 
ranged within the shell and Supporting the same 
at the interfitting nargins, 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 
derlying disks. 

3. A rotor comprising axially spaced disks 
each having an annular Series of pockets adja 
cent its margin thereabout, an enclosing shell 
Supported by the disks, the shell and disks hav 
ing registering holes opening into 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 nar 
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 nargins of the cooperating rings of 
the shell and into a recess in the margin of the 
disk, 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 rotor 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 
Sion means consisting 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 
CQhical 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. 

LEE. M. KROUSE. 
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HELMUT R. KATZMANN. 
FRED A. HOWARD. 
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