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1 Claim. (Cl. 22-196) 

This invention relates primarily to the manufacture of 
hollow buckets for gas turbines, although the principles 
and procedure of the invention are suitable for the casting 
of other objects. 
Because of the complicated shape and refractory ma 

terial of gas turbine blades or buckets, the most common 
and most satisfactory method of manufacturing such 
buckets has been the investment or “lost wax” casting 
process. The precision of form of blades manufactured 
by this process has not, in the past, been altogether satis— 
factory. 
The de?ciencies of previous casting techniques become 

much more critical when an attempt is made to apply 
them to the manufacture of hollow blades. For satisfac 
tory operation, the hollow turbine blade must have a thin 
wall and the thickness of the wall must be accurately 
controlled to avoid variations in characteristics of the 
blades, such as vibration characteristics, and to avoid 
weak spots due to unduly thin wall areas and hot spots 
due to thick wall areas. Not only is greater accuracy 
required, but the difficulty of providing satisfactory pat 
terns is much greater where the structure of the blade is 
tubular. 

Since it is highly desirable to raise the operating tem 
perature limits of gas turbines, and one of the most prom‘ 
ising approaches to this is to install hollow blades which 
may be cooled by circulation of air or in other ways, a 
great deal of effort has been spent on attempts to manu 
facture hollow turbine vanes and blades. Because of the 
rigorous service conditions and the inherent character 
istics of known materials which are suitable for such use, 
very little progress has been made prior to this invention 
in producing usable hollow turbine blades. 
My invention provides a workable solution to this prob 

lem and makes possible the casting of accurate thin walled - 
turbine components from the highly refractory alloys com 
monly employed for gas turbine buckets and the like. 
In brief summary, the process of the invention involves 
the production of a disposable pattern of a strong dimen 
sionally stable material which is a replica of the blade , 
to be manufactured, with allowance for shrinkage in cast- ' 
ing, and the employment of this pattern in the well-known 
investment casting process. By producing the patterns 
by injection molding of polystyrene, identical dimension 
ally accurate and dimensionally stable patterns may be 
easily produced in quantity. 
The invention also involves a solution of the problem 

of forming a pattern notwithstanding the complex shape 
of the bucket and the variations in form and dimensions 
of the interior passage. 
The application of the invention has resulted in the 

production of turbine buckets of much greater accuracy 
than those previously obtainable and eliminates the pre 
viously insuperable di?iculties in the way of manufactur 
ing satisfactory hollow buckets. 
The principal objects of the invention are to provide a 

feasible process for the manufacture of hollow turbine 
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elements, particularly one usable with materials which 
may be satisfactorily formed only by casting; to improve 
the characteristics of gas turbine engines; and to provide 
heat resisting components for such engines of better 
quality than have been available heretofore. Subsidiary 
objects of the invention are to provide improved pat 
terns, particularly improved turbine bucket patterns; to 
facilitate the manufacture of such patterns; and to pro 
vide patterns which will facilitate the performance of the 
casting operation. Various other objects of the inven 
tion and the advantages thereof will be apparent to those 
skilled in the art from the subsequent detailed description 
of the preferred embodiments of the invention. 
The turbine elements of the sort to which the process 

is applied are variously known as vanes, blades, and 
buckets. In this speci?cation the turbine rotor elements 
will be referred to as buckets, the portion thereof which 
extends into the gas stream will be referred to as the 
blade, and the portion which provides a mounting in the 
turbine rotor will be referred to as the root. The ex 
amples described herein are all turbine buckets, although 
the process is equally applicable to the stationary blades 
or vanes and to other objects of manufacture. 

Referring to the drawings, Figure 1 is a cross-sectional 
view of one form of blade pattern mold in place in an 
injection molding machine, the machine being illustrated 
fragmentarily; Figure 2 is a sectional view taken along 
the parting planes of the mold with the molded pattern 
in place, the plane of the section being indicated in Fig 
ure 1; Figures 3 and 4 are perspective views of the two 
halves of the mold; Figure 5 is a side elevation of the 
?nished pattern; Figure 6 illustrates a step in the invest 
ing of the pattern; Figure 7 illustrates the heating of the 
turbine bucket mold; Figure 8 is a sectional view through 
the mold with the blade metal cast therein; Figure 9 is 
an elevational view of the cast blade with the gate and 
riser indicated by broken lines; Figure 10 is an end view 
of the structure shown in Figure 9 to an enlarged scale; 
Figure 11 is a side view of a second form of blade pat 
tern; Figure 12 is a perspective view illustrating the as 
sembly of the pattern of Figure 11; Figure 13 is a side 
elevation of a third form of blade pattern; Figure 14 is 
a partial edge view of the same; Figure 15 is a perspec 
tive view illustrating the assembly of the pattern of Fig 
ure 13; Figure 16 is a side elevation of a fourth form of 
blade pattern; Figure 17 is a cross section of the same 
take on the plane indicated in Figure 16; and Figure 18 is 
a perspective view illustrating the assembly of the pattern 
of Figure 16. 

While turbine buckets vary in size, contour, and means 
of attachment to the turbine rotor, the general nature of 
such buckets is well known to those skilled in the art to 
which this invention relates, and moreover, will be ap 
parent from the illustrations and the succeeding descrip 
tion of exemplary patterns which are models of the blades 
formed from the patterns. 

Referring ?rst to Figures 9 and 10, one form of bucket, 
indicated as A, comprises a blade 21 and a root 22. The 
root comprises an upper section 23 which as viewed in 
Figure 10 is a rhomboid. The portion of the root which 
enters the mounting grooves in the turbine rotor com 
prises two prongs 24 which taper away from the portion 
23. A passage 26 extends from the tip of the blade 
through the root 22 so that when the blade is mounted 
in the turbine wheel air may be circulated from within 
the wheel through the blade. As will be noted from Fig 
ure 10, the blade is twisted and tapers toward the tip, 
and the walls are of substantially uniform thickness with 
the result that the passage 26 varies in orientation through 
out its length and is tapered, with the smaller end at 
the tip of the blade. It will be understood that the 
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projections 24 of the base will be ground to provide ser 
rations by which the blade is retained in the turbine wheel. 
The blade of Figure 9 is formed by the employment of 

the investment casting process utilizing the pattern B, 
illustrated in Figure 5, which constitutes a replica of the 
bucket and comprises a blade portion 31 and a base por 
tion 32 with a central passage 36. The pattern B also 
comprises projections 37 and 38 from the base portion 
and a rod 39 extending from the part 38 to the tip of 
the blade 31. The elements 37, 38, and 39, which are 
molded integral with the bucket pattern, constitute a 
pattern for the gate and riser system of the blade mold. 
The pattern B is formed by injection molding of a 

suitable material, the preferred material being polystyrene 
because of its suitability for the production of accurate 
patterns. 

The pattern is molded in a single piece by the employ 
ment of the mold C illustrated in Figures 1 to 4 and con 
ventional injection molding apparatus and techniques. 
Since injection molding, including the manufacture of 
molds, is a well-developed branch of technology, it is 
unnecessary to burden this speci?cation with ‘a detailed 
exposition of such matters. The mold C comprises a 
top cavity plate 41 and a bottom cavity plate 42, the 
mating faces of which ‘are shown in Figures 3 and 4. 
The parting plane of the blade mold follows the contour 
of the blade. The blade cavity 43 in the top plate con 
forms to the concave face of the blade and the cavity 44 
in the plate 42 conforms to the convex face. The blade 
root is de?ned by the portions 46 and 47 of the mold and 
the face 48 (Fig. 4) of ‘a bar 49 which reciprocates be 
tween guide blocks 51. The forward end of the bar 
49 is formed with a projection 52 which enters the 
notches 53 and 54 in the molds to de?ne the inner end 
of the blade root. 
which de?nes the passage 36 of the pattern. The core 
56 extends through the blade cavity and into a recess 
57 in the plate 42 when the bar 49 is fully inserted. 
The plastic material is injected through a sprue pas 

sage 58 in the top plate and ?ows through runners 59 
and 60 formed by channels of semi-circular cross section 
in the faces of the cavity plates. The plastic material 
also ?ows into semi-circular grooves 61 and 62 which 
form the parts 37 and 38 (Fig. 5). The runner passage 
60 forms the part 39 of the pattern. The ends of the 
passages 61 and 62 are closed by the blocks 51. Ejector 
pins 63 are ?tted in the bottom plate 42. 

Figure 2 illustrates the mold C in a sectional view 
taken along the parting plane after being ?lled with the 
plastic material constituting the pattern B. The mold 
ing operation is illustrated in Figure l. The top cavity 
plate 41 is ?xed to a front clamping plate 66 in any suita 
ble manner, this plate being mounted on the ?xed die 
platen of the molding press (not shown). The cavity 
plate 42 is likewise mounted on a clamping plate (not 
shown). which may be secured to the movable platen of 
the molding machine (not shown). The bar 49 is in 
serted fully to put the core 56 in position and the mold 
is closed and held closed in the usual manner by the 
movable die platen of the machine. The polystyrene in 
a plastic condition is injected by mechanism of known 
type (not shown) through a nozzle 67 and the sprue pas 
sage 58 to ?ll the mold. When the plastic has cooled 
and solidi?ed, the mold is opened, the core is withdrawn, 
and the ejector pins 63 are operated to knock the pattern 
from the mold. The operation of the bar 49 and ejector 
pins 63 may be etfected by automatic mechanism by 
known manner. The solidi?ed sprue 68 (Fig. l) is then 
cut from the pattern, completing the pattern B. 
The employment of the pattern B in the casting of 

the blade may follow well-known techniques of the in 
vestment casting art which need not be explained in de 
tail, since such processes have been employed previously 
for the casting of turbine buckets. 

In brief outline, the pattern B is set up in a ?ask 80 

The bar 49 supports the core 56 ‘ 
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4 
and embedded in an investment material 81. This ma 
terial is a refractory composition which, after being 
poured into place, solidi?es. After the investment ma 
terial has hardened, the mold D is heated to melt and 
burn out the polystyrene pattern, which leaves a cavity 
in the refractory mold conforming to the desired blade 
and in addition a gate or sprue 82 and a riser 83 (Fig. 7). 

Figure 7 illustrates further heating of the mold after 
the pattern has been burned out. The mold is heated to 
a quite high temperature, of the order of two thousand 
degrees F., for the pouring of typical turbine bucket al 
loys. As illustrated schematically in Figure 7, the mold 
D is being heated in an electric furnace or heater E, 
the details of which are immaterial since any suitable 
furnace may be employed. 

Figure 8 illustrates the mold D after pouring of the 
metal to form the rough blade casting F. The pouring 
may be accomplished by known techniques, and after 
the metal has set the investment material is broken ‘away 
and the gate and riser, indicated in broken lines in Figures 
9 and 10, are cut off leaving the ?nished casting A. 

It will be ‘apparent to those skilled in the art that the 
process as described is eminently suited to the produc 
tion of accurate turbine buckets ‘and the like because of 
the characteristics of accuracy and stability of the plastic 
patterns formed in. a permanent mold and lll'lt) ability 
of the investment casting process to- reproduce the pat 
tern accurately and with ‘a surface ?nish of high quality. 
The incorporation in the pattern of the gate and riser 
system substantially facilitates the casting operation. It 
will be understood that the original. mold C must be 
dimensioned to provide for casting allowances. 
The blade illustrated in Figures 9 and 10 is of such 

form that the mold core 56 may be Withdrawn from a 
complete blade pattern. In many cases, the desired form 
of the blade and the internal passage therein is such that 
this is impossible. The invention also includes proced 
ures by which patterns may be produced which are suita 
ble for the casting of blades of such form that a core 
may not be withdrawn from ‘a complete blade pattern. 
This objective may be attained ‘by assembling the blade 
pattern from several molded parts, the arrangement of 
the parts being such that the core may be withdrawn from 
the blade portion of the pattern. This may be accom 
plished in any one of several ways depending upon the 
structure of the blade to be cast. 

Assembling of the blade pattern offers additional ad 
vantages particularly with larger blades where the pat 
tern involves heavy sections which give rise to dil‘?cuilties 
in the injection molding process. 

It is also possible, by the use of a two-piece pattern to 
eliminate the use of a core in the blade part of the mold 
and. thus simplify the molding operation. 

These further aspects of the invention will be made 
clear by the succeeding description of several forms of 
blade patterns in accordance with the invention. 

Figures 11 and 12 illustrate a blade pattern G general 
ly similar to pattern B of Figure 5, but without the pat 
tern for the gate and riser system. The pattern G is 
formed of two parts, a blade portion 91 and a base por 
tion 92, the forms of which are shown by the drawings. 
These parts are molded separately, in individual cavities 
of the same mold if desired. The passage 93 through the 
blade 91 is formed by a retractable core in the manner 
previously described. The base portion is formed with 
a continuation 94 of the passage through the blade which 
requires no retractable core since this part may be ejected 
from the mold along the axis of the passage 94. It will 
be noted that the blade part 91 includes a ?ange 95 which 
forms the upper portion of the base when the pattern is 
assembled. The pattern may be assembled in any suitable 
manner, as by brushing the mating faces with a solvent 
for the polystyrene and pressing the two parts together. 

Figures 13 to 15 illustrate a third form of blade pat 
tern. This pattern H is for a blade in which the open 
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ing through the foot is wider transversely of the blade 
than the opening in the blade and the passage through 
the blade is greater in a direction from the leading to 
the trailing edges of the blade. Therefore, it is impossi 
ble to form the entire passage by a single retractable core. 
Also, this blade is of relatively large size and the blade 
root is heavy. 

In this case, advantageous results are secured by mold 
ing the root pattern in two parts preferably joined along 
the medial plane of the root in a fore and aft direction, 
one half of the blade root pattern being molded integral 
with the blade. Referring in detail to Figures 13 to 15, 
the blade pattern H comprises a hollow blade 96 integral 
with which is one side 97 of the root. The other half of 
the root is formed by a separate piece 98. In this form, 
the internal passage 99 of the blade diverges toward the 
tip of the blade so that the core may be withdrawn from 
the tip end. Since the foot is molded in two parts, no re 
tractable core is required therein, and the passage in the 
foot may be wider than the passage through the blade. 
The two parts are cemented together in the manner pre 
viously described to form the pattern. 

Figures 16 to 18 illustrate a pattern for a hollow blade 
which may be molded without the use of a long with» 
drawable core for the blade portion. The pattern I uti 
lizes a blade portion formed of two parts. The larger 
part 100 of the pattern de?nes one side 101 of the blade 
and the leading edge and trailing edge portions, 102 and 
103 respectively, as well as the base 104. The other face 
of the blade is de?ned by ‘a piece 106 which ?ts into re- - 
cesses molded in the piece 100 so that when the pattern 
is assembled the outer surface is ?ush. The blade part 
106 is integral with a ?ange 107 which rests on a ledge 
108 on the base. An air opening 109 is formed through 
the base by a short retractable core, the air passage 110 
through the blade being de?ned between the parts 100 
and 106. This procedure for forming the pattern permits 
even greater ?exibility in the form of the internal passage 
than those previously described since the internal passage 
may be of such form that a core could not be withdrawn 
from either end. 

It will be seen that the invention thus permits great 
latitude in the design of blades or, in other words, is 
adaptable to the manufacture of blades of greatly vary 
ing form and places no signi?cant restriction on the ulti 
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mate form of the blade. This ?exibility and adaptability 
of the process is one of its major advantages. 
The most important advantage of the process, how 

ever, lies in the fact that it lends itself readily to the 
production of hollow blades and provides the high de 
gree of precision necessary for the production of satis 
factory blades with thin wall sections. 
The description herein of preferred embodiments of 

the invention to illustrate the principles thereof is not 
to be considered as limiting the invention, since many 
variations within the scope of the invention may be made 
by the exercise of skill in the art. 

I claim: 
A method of casting a hollow turbine bucket, said buck 

et comprising a hollow blade portion with thin walls de 
?ning a passage through the blade portion and a base por 
tion of heavier section than the blade portion and hav 
ing a passage therein communicating with the passage in 
the blade portion, the said method comprising preparing 
a permanent mold including parts de?ning surfaces cor 
responding to the exterior and interior surfaces of the 
walls of the hollow bucket, molding in the said mold from 
a polystyrene plastic a pattern part corresponding to the 
blade portion and a part of the base portion of the bucket 
adjacent the blade portion, preparing a second permanent 
mold including parts de?ning surfaces corresponding to 
the entire surface of the remainder of the base portion of 
the bucket, molding in the said second mold from a poly 
styrene plastic a second pattern said remainder corre 
sponding to the part of the base portion of the bucket, ee 
menting the pattern parts together to form a pattern de 
?ning the outer surface of the bucket and the surface of 
the passage therethrough, and casting the bucket by an 
investment process utilizing the said pattern. 
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