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This invention relates to the manufacture of 
the disks from which the turbine rotor is made. 
Multi-stage turbine rotors have been made up 

of a shaft having integral disks to the peripheries 
of which rows of blades are fastened, generally by 
blade fastenings which hold the blades indi 
vidually .on the disk. Since each blade must be 
separately made and separately placed on the, 
rotor, the blading of the rotor is an expensive 
process. A feature of the invention is a- turbine 
disk having blades cast integrally with the re 
mainder of the disk. ' 

Where the turbine operates at extremely high 
temperatures it is desirable to have the blades 
made of a different material from the remainder 
of the disks. For example, the blade is preferably 
of a material which is extremely heat resistant, 

not be as heat resistant, 
but should have substantial ductility to withstand 
the high stresses. A feature of thelinvention is 
the manufacture of a turbine disk having the 
blade material di?erent from that of the remain 
der of the disk and with the blades and disks all 
made in one piece. This may be accomplished 
by ?rst pouring the blade material into the cen 
trifugal mold and then, while this material is 
still molten, pouring the disk material. 
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A feature of the invention is the centrifugal ' 
casting of the disk, and integral blades to provide 
the desired-characteristics in the material of the 
blades and disk, and also to obtain a satisfactory 30 

surface ?nish on the blades. Another feature is ' 
the use of an investment for'at least a part of 
the mold in which the casting is made, thereby 
producing the desired blade shape and permitting 
the casting of the disk and blades within said 
tolerances. 
Other objects and advantages will be apparent 

from the speci?cation and claims, and from the 
accompanying drawings whichlillustrate an em 
bodiment of the invention. 

Fig. 1 is a sectional view through the rotor disk’. 
Fig. 2 is a sectional view through the mold in 

'which the disk is cast. 
Fig. 3 is a fragmentary sectional view at right 

angles to the sectional view of Fig. 1. 
The turbine disk may form one of a number of 

disks positioned in end to end relation in forming 
the rotor for a multi-stage turbine, one example 
of which is shown in the copending application 
of Soderberg, Serial No. 550,899, ?led August 23-, 
1944, which issued on February 8, 1949 as Patent 
No. 2,461,242. As shown the rotor disk includes . 
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an annular blade supporting portion ID from the ' ' 
periphery of which the blades l2 extend. Shrouds 55 

Delaware 

Il may connect the tips of the blades together, 
preferably in groups of blades. The central por 
tion I0 may. as shown, be a formed disk to with 
stand the stress applied to the disk and may have 
lateral ?anges l6 and I8 which are engaged with 
similar ?anges on the adjoining disks which make 
up the completed rotor. 
The blades are cast integrally with the rotor, 

thereby eliminating any junction either in the 
form of blade fastenings or welded attachment of 
the blades to the disk. As shown, the disk or 
hub Ill has a central hub is which may be of a 
material particularly adapted for the disk such 
as a high-stress material and theblades may be 
of a different material suitable for turbine blades, 
such as a castable heat-resistant material, there 
being an annular ring 20 between the central hub 
and the blades and integral with both the hub and 
blades where the ring and hub are integrally 
connected, there is a narrow band 2| in which 
the materials mutually alloy and form a grada 
tion from the blade and ring material to the 
hub material. It will be understood that the ma 
terials of both hub and blades may be selected 
from heat resistant alloys generally .of they non 
ferrous type known to be suitable for these pur 
poses. 

With reference to. Fig. 2, the disk may be made 
by casting it in a single piece in a mold 22. For 
best results, the part of the mold in which the 
blades are formed may be a core 24 made of in 
vestment material which can be baked dry and 
hard at an elevated temperature and which will 
impart to the blades the desired surface ?nish 
and will permit the blades to be formed within 
the desired tolerances and dimensions. The drag 
28 and cope 28 of the mold in the arrangement 
shown may be either conventional in the mold 
of material or may, if desired, also be made of an 
investment material which may be the same as 
that of the core 24. 
The core is formed by placing blade patterns 

in position in the core box and thereafter placing 
the investment material around the inserts. The 
investment is hardened and the inserts are re 
moved, either by withdrawal ‘if the contour of 
the blades permits, or by melting the inserts out. 
Risers 30 and 32 in the form of rings may be pro 
vided adjacent the peripheries of the end of the 
blade being connected to the blades by passages 
34 formed in the mold. These risers permit the 
discharge from the casting of any impurities 
that may have been picked up by the material 
as it is poured into the opening in the mold. 
When the mold is assembled an end opening 36 
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is formed between the cope and the drag and 
within the core 24 which corresponds in shape 
to the desired rough dimension of the disk, the 
parts of the mold being clamped between plates 
38 and 40 during the casting process. The periph 
eries of the mold may be supported by a sleeve 
42 and bolts 44 hold the 
assembled relation. 
As above stated, the 

cast centrifugally so that the mold is rotated 
about its axis during and subsequent to the pour 
ing of the molten metal into the mold. The 
metal of the blades, ring, and hub is introduced 
centrally of the mold 
since the mold is rotating is forced outwardly 
into the core 24 and under the in?uence of the 
centrifugal force developed by the mold rotation 
?lls the openings in the core to produce blades 
of the desired contour. 
The cast disk may be entirely of one material 

in which case enough of the desired material is 
introduced into the mold in one operation. It 
may be advantageous, however, to introduce into 
the mold ?rst su?lcient blade material to ?ll the 
spaces within the core 20 and a short distance 
toward the center of the mold from the core to 
form‘ the blades and the ring l9 integral there 
with and, thereafter, to pour into the mold, hub 
material enough to ?ll the remainder ofthe space 
in the mold. It is desirous to have the ?rst of 
the hub material poured in just as the last of the 
blade material is being poured, thereby causing 
the small amount of alloying of the materials 
and giving the small area or band IQ of mutually 
alloyed materials, as shown in Fig. 1. 

After the disk has been cast and the mold and 
investment material are removed from the disk 
the hub and ring portions of the disk may then 
be machined to the desired contours and dimen 
sions of the disk of Fig. 1. - 

It is to be understood that the invention is not 
limited to the speci?c embodiment herein illus 
trated and described, but may be used in other 
ways without departure from its spirit as de?ned 
by the following claims. 

I claim: 
1. A cast one piece disc for a turbine rotor hav 

rotor disk is preferably, 

the plates 38 and A0 in v 
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through opening 46 and l 

30 

35 

40 

45 

7 

ing a central hub of cast high-stress material, 
a surrounding ring of a cast heat-resistant ma 
terial of different composition than the high 
stress material of the hub, said ring being in 
tegral with, and located at and extending ra 
dially from, the periphery of the hub, and blades 
extending from the periphery of the ring and in 
tegral therewith, said blades being formed of the 
same cast heat-resistant material as the ring. 
and said ring having its periphery continuous. 

2. A cast one piece disc for a turbine rotor hav 
ing a central hub of cast high-stress material, a 
surrounding ring, of a cast heat-resistant mate 
rial of different composition than the high-stress 
material of the hub, said ring being integral with, 
and located at and extending radially from, the 
periphery of the hub, and blades extending from 
the periphery of the ring and integral therewith, 
said blades being formed of the same cast heat 
resistant material as the ring, said ring having 
its periphery continuous, and a cast joint in 
tegrally connecting said ring and hub together, 
said joint consisting of an alloying of said high 
stress and heat-resistant materials. 
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