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This invention relates to the rotors of turbomachinery, 
more particularly to a two-tier coaxial blade rotor con 
struction for a gas turbine power plant wherein the outer 
tier comprises turbine blading, and more specifically to 
an improved shroud construction intermediate the two 
tiers of blading. 

In a gas turbine power plant of the type described, the 
shroud intermediate the two tiers of blades not only serves 
to support the widely spaced outer tips of the compressor 
blading and the peripheral turbine blading, but further im 
proves the efficiency of the axial flow compressor, acts 
as a sealing means between the gas turbine and the com 
pressor chambers and further constitutes a thermal bar 
rier therebetween. The provision of such a shroud in 
volvcs considerable difficulty in the design and assembly of 
such a rotor, however. The spacing of the compressor 
blade tips and the turbine blades must be accurately main 
tained with respect to such a shroud and the associated 
structure. As the rotational speed of such a rotor is rela 
tively high, the shroud must also be designed to withstand 
the necessarily high centrifugal forces acting thereon. In 
most cases, however, it is particularly important that the 
structure of the rotor be kept as light as possible. If 
the shroud is heavy, it not only contributes unnecessary 
weight directly to the rotor structure but it may also re 
quire a heavier disk to withstand the additional centrifugal 
force imposed thereon by the shroud mass. It is therefore 
desirable that the rotor shroud be made as light as pos 
sible but have sufficient strength to withstand the centrifu 
gal forces acting thereon. 
The invention contemplates an improved lightweight 

shroud structure which may be easily and economically 
fabricated and to which the compressor blade tips and 
the turbine blades may be easily and securely attached 
to provide a relatively light coaxial blade rotor structure 
of extremely high strength. 
The foregoing and other objects, advantages and fea 

tures of the invention will be apparent to those skilled 
in the art from the following detailed description of two 
preferred embodiments thereof having reference to the 
accompanying drawings, in which: 
FIGURE 1 is a fragmentary rear view of a portion of 

a two-tier, coaxial turbine-compressor rotor embodying 
a first form of the invention, the view being taken in a 
plane perpendicular to the axis of the rotor; 
FIGURE 2 is a fragmentary perspective view of a 

portion of the rotor shown in FIGURE 1 and shows de 
tails of the shroud and blade structure in broken-away 
section; 
FIGURE 3 is a fragmentary perspective view showing 

the tip of one of the compressor blades as used in the 
form of the invention shown in FIGURE 1; 
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60 FIGURE 4 is a fragmentary view showing the mount 
ing of the turbine blades on the shroud structure in a 
peripheral elevation or development of the rotor of FIG 
URE 1; - 

FIGURE 5 is a fragmentary sectional view showing a 
second form of two-tier, coaxial turbine-compressor rotor 
stage embodying the invention with portions thereof 
broken away and in section to show the details of con 
struction, the primary section of the view being taken in 
a plane including the axis of the rotor; and 
FIGURE 6 is a fragmentary perspective view of a por 

tion of the rotor shown in FIGURE 5 showing further 
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2 
details of this form of the invention in broken-away sec 
tion. 

Referring first to FIGURE 1, which sufficiently illus 
trates a compressor rotor structure incorporating the in 
vention, the rotor comprises a rotor disk or wheel 10, only 
a portion of the periphery of which is illustrated. The 
periphery of the wheel includes a rim 11 having a plu 
rality of equiangularly spaced dovetail slots 12 therein 
extending longitudinally across the rim or, in other words, 
axially of the rotor. The dovetail slots 12 serve to mount 
a ring or row of compressor blades 13 which extend 
radially from the rim of the rotor. Each blade comprises 
an airfoil or blade portion 14, a platform 15, a stalk 16 
and a root 17 which is configured to fit one of the dove 
tail slots 12. Since the platform and blade are of greater 
axial extent than the root, webs 18 extend obliquely from 
the faces of the root and stalk to the underside of the 
platform. The blade platforms engage along their edges 
to provide a frusto-conical ring defining the inner bound 
ary of the air flow path through the compressor. An 
interrupted flange 19 extends radially outwardly from 
the rim 11 between the stalks to the inner surfaces de 
fined by the platforms 15 and provides a sealing means 
preventing air leakage between the inlet and discharge 
sides of the rotor, 

It will be noted that the compressor blades are relative 
ly long and widely spaced at their tips. The compressor 
blades are also disposed at a considerable angle or skewed 
to the rotor axis, which is perpendicular to the plane of 
FIGURE 1. As seen in FIGURES 2 and 3, the tips of 
the compressor blades are notched to provide a plurality 
of prongs or dovetail projections 20 which define a plural 
ity of equally spaced parallel side face portions, which are 
normal to the rotor axis. These pronged ends of the com 
pressor blades mount a shroud ring 2. 

In accordance with the invention, the shroud ring 21 
is of a brazed fabricated sheet metal construction com 
prising an inner sheet metal band 22, the outer sheet 
metal band 25, and an intermediate corrugated sheet 
metal band 27 sandwiched therebetween. The inner 
band 22 is of channeled cross-section facing outwardly 
and providing two axially spaced, radially extending seal 
flanges 23 interconnected by an annular base section 24. 
The outer sheet metal band 25 is of oppositely disposed 
channeled cross-section and is nested within the chan 
nel of the inner band 22, having two inclined end flages 
26 which extend obliquely and inwardly from an outer 
base section 30 and are secured by brazing to the base 
portion 24 of the inner band immediately adjacent the 
seal flanges 23. The intermediate corrugated band 27 is 
of rectangularly sinuous cross-section defining a number 
of intermediate radial webs 28 and two outwardly extend 
ing radial webs 28' at opposite ends thereof. The inner 
and outer ends of the webs 28 and 28' are joined by 
axially extending webs 29 and 29' which are brazed to 
the base sections 24 and 30 of the inner and outer shroud 
bands, respectively. The outer peripheries of the two 
end webs 28’ are also brazed annularly to the outer band 
flanges 26 thus reinforcing these flanges and increasing 
the overall stiffness of the shroud assembly. 
The annular base section of the inner band 22 is 

provided with a number of openings or cutouts 31. 
These cutouts mate with the inwardly facing channels 
defined by the radial webs 28 and are disposed to receive 
the dovetail prongs 20 of the several compressor blade 
tips during assembly of the rotor. When thus assembled, 
the oppositely disposed side face portions of the several 
prongs engage the mating faces of the radial webs 28 
of the shroud assembly. The dovetail joints thus formed 
between the pronged tips of the several compressor 
blades and the shroud ring are then preferably brazed 
securing the prongs 20 to the radial webs 23 and securing 



3,037,742 
3. 

the tips of the several compressor blades to the inner 
band 22. It will be seen that this shroud construction is 
of extremely light weight but when integrated by brazing 
to the several compressor blade tips is of Sufficient 
strength and rigidity to withstand the centrifugal forces 
acting thereon and to maintain the angular spacing of 
the several compressor blade tips. 
The lightweight shroud construction described above 

is further reinforced by mounting an outer tier of hollow 
turbine blades 32 circumferentially thereon. The turbine 
blades 32 may be suitably fabricated from sheet metal 
stock or may be hollow cast and subsequently machined 
or otherwise formed to the desired configuration. In the 
form of the invention shown in FIGURES 1-4, each 
turbine blade is secured to the shroud assembly by means 
of a flanged root element 33. Each root element 33 is 
suitably formed from sheet metal stock to provide a first 
base flange 33 mateable with and brazed to the circum 
ferential surface of the shroud section 30 and a second 
flange 33’ extending outwardly therefrom. The outward 
ly extending flange of each root or blade mounting ele 
ment is embraced by and brazed to the radially inner 
end of its associated turbine blade. As best seen in FIG 
URE 4, the several turbine blades 32 and their respective 
flanged root elements 33 overlap circumferentially of the 
shroud 21 and serve to further increase the overall 
strength and rigidity of the shroud construction while 
while minimizing the additional mass carried thereby. 

The rotor illustrated in FIGURES5 and 6 differs from 
that of the previously described embodiment in that it is 
of somewhat greater compressor capacity and consequent 
ly includes two rows of outer blading which are axially 
spaced and cooperate with stator blading or nozzle means 
to provide a two-stage turbine. With respect to the in 
vention, however, this embodiment differs primarily in 
the structure of the shroud ring and the mounting of the 
several turbine blades thereon. 

In this form of the inventon, the shroud ring indicated 
generally at 34 comprises a fabricated annular sheet 
metal portion 35 which extends axially between two 
spaced end seal rings 36. These end rings may be cast 
or otherwise suitably formed. The fabricated sheet metal 
portion of the shroud 34 comprises three radially spaced 
concentric cylindrical sheet metal bands 37, 38 and 39. 
Two corrugated sheet metal bands 40 and 41 are sand 
witched between the cylindrical bands 37 and 38 and be 
tween the bands 38 and 39, respectively. As in the 
preceding embodiment, these corrugated bands 40 and 41 
are of rectangularly sinuous cross-section and thus define 
a number of radial webs 42 and 43, respectively, which 
are joined by axially extending webs 44, 44 and 45, 45, 
respectively. The axially extending webs 44 and 44' are 
brazed to the inner and intermediate circular bands 37 
and 38, respectively, and the axial webs 45, 45 of the 
outer corrugated band 41 are similarly brazed to the in 
termediate and outer circular bands 38 and 39, respec 
tively. The end rings 36 are each provided with two 
concentric flanges 46 and 47. The opposite ends of the 
inner circular band 37 and the adjacent radial end webs 
42 of the corrugated band 40 are brazed to the inner end 
ring flanges 46. The outer end ring flanges 47 are similar 
ly brazed to the adjacent ends of the outer circular band 
39 and of the radial end webs 43 of the corrugated band 
41. The opposite ends of the intermediate circular band 
are also brazed to the end rings 36 intermediate the in 
ner and outer flanges 46 and 47 thereof. 
As in the preceding embodiment, the inner band 37 is 

provided with a number of cutouts 48 which open on the 
inwardly facing channels defined by the inner corrugated 
band 40. These cutouts are disposed and adapted to re 
ceive the dovetailed pronged tips 49 of compressor blades 
50. Upon assembly of the shroud on the tips of the 
compressor blades, as in the previous embodiment, the 
pronged tips 49 of the compresor blades are secured by 
brazing to the radial webs 42 of the inner corrugated band 
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4 
40 and to the inner cylindrical band 37 to provide an inte 
grated light weight shrouded rotor structure of relatively 
high strength. 

In this embodiment of the invention, the turbine blades 
51 are secured to the shroud assembly in the same manner 
as the compressor blade tips, the radially inner ends of the 
turbine blades being provided with a plurality of dove 
tail prongs 52. These prongs are insertable through cut 
outs 53 which are provided therefor in the outer cylindrical 
band 39 and open on the outwardly facing channels de 
fined by the radial webs 43 of the outer corrugated band 
41. When the turbine blades have been thus assembled 
on the periphery of the shroud, the prongs 52 and the 
radially inner ends of the turbine blades are Secured by 
brazing to the intermediate and outer circular bands 38 
and 39 and the intermediate corrugated band 41 thereby 
further reinforcing the relatively lightweight shroud struc 
tre. 
From the foregoing it will be seen that the invention 

accomplishes its several objectives of providing an im: 
proved rotor having a relatively lightweight shroud of 
high strength and rigidity fabricated wholly or in the 
main of sheet metal components, the strength and rigidity 
of the sheet metal shroud structure being further fortified 
by the brazed dovetail mounting of the shroud on the 
several compressor blade tips and by the alternative forms 
of turbine blade mounting on the outer periphery of the 
shroud. 

While only two embodiments of the invention have been 
shown and described for the purpose of explaining the 
principals thereof, it will be apparent to those skilled in 
the art that many modifications may be made therein 
without departing from the scope of the invention, as 
defined in the following claims. 
We claim: 
1. A turbomachine comprising, in combination, a rotor, 

a first row of blades mounted on said rotor and extending 
radially outwardly therefrom, said blades being skewed 
to the axis of the rotor and each having a number of 
aligned spaced projections extending outwardly from the 
outer end thereof in parallel relation normal to the axis 
of said rotor, a fabricated annular shroud assembly em 
bracing and securing the outer ends of said first blades 
in equiangular spaced relation to each other, Said shroud 
assembly comprising an outer band, an inner band, and a 
rectangularly sinuous band intermediate and bonded to 
said outer and inner bands, said intermediate band having 
radially and circumferentially extending webs with the 
ends thereof extending transversely of the shroud, and 
said inner band having a plurality of openings therein dis 
posed to receive the projections of the several blades inter 
mediate the radial webs of said intermediate band, said 
projections being bonded to said inner and intermediate 
bands thereby forming a plurality of shroud reinforcing 
dovetail joints therewith, and a second row of blades 
mounted on and secured to the periphery of said shroud, 
said second row having a plurality of blades secured to 
and reinforcing said shroud intermediate the ends of said 
first blades, 

2. A rotor element for a turbomachine comprising a 
rotor disk, a first row of blades mounted on said rotor 
disk and extending radially outwardly therefrom, said 
blades being skewed to the axis of the rotor and having 
a number of aligned spaced projections extending out 
wardly from the outer end thereof in parallel relation 
normal to the axis of said rotor, a fabricated sheet metal 
shroud element of corrugated ply construction embracing 
and securing the outer ends of said first blades in equi 
angularly spaced relation to each other, said shroud hav 
ing a plurality of openings therein disposed to receive the 
projections of the several blades intermediate the corruga 
tions of said shroud, and the corrugations of said shroud 
and said projections being bonded to form a plurality of 
shroud reinforcing dovetail joints therebetween. 

3. A rotor element as set forth in claim 2, including a 



3,087,742 
5 

second row of blades mounted on and secured to the 
periphery of said shroid, said second row having a plu 
rality of blades secured to and reinforcing said fabricated 
shroud intermediate the ends of said first blades. 

4. A rotor element for a turbomachine comprising a 
rotor disk, a row of compressor blades mounted on said 
rotor disk and extending radially outwardly therefroin, 
said blades being skewed to the axis of the rotor and 
having a number of aligned spaced projections extending 
outwardly from the outer end thereof in parallel relation 
normal to the axis of said rotor, a fabricated shroud as 
sembly annularly embracing and securing the outer ends 
of said compressor blades in equiangular spaced relation 
to each other, said shroud assembly comprising three con 
centric radially spaced sheet metal bands and two rec 
tangularly sinuous sheet metal bands intermediate and 
bonded to said radially spaced bands, said sinuous bands 
having radially and circumferentially extending webs 
with the ends thereof extending transversely of the shroud, 
the innermost of said concentric bands having a plurality 
of openings therein disposed to receive the projections of 
the compressor blades intermediate the radial webs of the 
innermost sinuous band, a row of hollow turbine blades 
mounted on and secured to the periphery of said shroud, 
said turbine blades having a number of aligned spaced 
projections extending radially inwardly therefrom, the 
outermost of said concentric bands having a plurality of 
openings disposed to receive the projections of the turbine 
blades intermediate the radial webs of the outermost 
sinuous band, and said compressor and turbine blade pro 
jections engaging and being bonded to said sinuous bands 
thereby forming a plurality of shroud reinforcing dove 
tail joints therewith. 

5. A rotor element as set forth in claim 4, wherein said 
shroud assembly includes two annular end members se 
cured to and Supporting the opposite axial ends of said 
concentric and sinuous bands. 
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6. 
6. A rotor element for a turbomachine comprising a 

rotor disk, a row of compressor blades mounted on said 
rotor disk and extending radially outwardly therefrom, 
said blades being skewed to the axis of the rotor and 
each having a number of aligned spaced projections ex 
tending outwardly from the outer end thereof in parallel 
relation normal to the axis of said rotor, a fabricated an 
nular shroud assembly embracing and securing the outer 
ends of said first blades in equiangular spaced relation to 
each other, said shroud assembly comprising an outer 
band, an inner band, and a substantially rectangular 
sinuous band intermediate and bonded to said outer and 
inner bands, said sinuous band having radially and circum 
ferentially extending webs with the ends thereof extending 
transversely of the shroud, said inner band having a 
plurality of openings disposed to receive the projections of 
the several blades intermediate the radial webs of said 
intermediate band, and said projections being bonded to 
said inner and intermediate bands thereby forming a plu 
rality of shroud reinforcing dovetail joints therewith. 

7. A rotor element as set forth in claim 6, including a 
row of turbine blades mounted on and reinforcing the 
periphery of said shroud intermediate the ends of said 
first blades, each of said turbine blades comprising a 
hollow blade portion and a flanged root element bonded 
to Said blade portion and to said outer band. 
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