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shell having a casting core protruding from a first metal 

piece; and deshelling and decoring to remove the shell and 

core and leave the first region formed by the first metal 

piece and the second region formed by the casted alloy.  

[0014] In one or more embodiments of any of the foregoing 5 

embodiments, the decoring leaves one or more passageways 

spanning between the first region and the second region. 

[0015] In one or more embodiments of any of the foregoing 

embodiments, the casting core is interfittingly mated with 

passageways in the first metal piece. 10 

[0016] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises adhesive bonding the 

casting core to the first metal piece. 

[0017] In one or more embodiments of any of the foregoing 

embodiments, the first region forms a first portion of an 15 

airfoil and the second region forms a second region of said 

airfoil. 

[0018] In one or more embodiments of any of the foregoing 

embodiments, the first region and the second region have 

different compositions of nickel-based superalloy. 20 

[0019] In one or more embodiments of any of the foregoing 

embodiments, the first region and the second region have a 

shared crystalline structure. 

[0020] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises forming the first 25 

metal piece by casting the first metal piece in a first shell 

containing a first casting core and at least partially 

deshelling and decoring the first metal piece. 

[0021] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises mating the casting 30 

core to the first metal piece; placing the first metal piece 

and the casting core in a die; overmolding a sacrificial 

pattern material to the casting core in the die; removing a 

combination of the first metal piece, casting core, and 
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pattern material from the die; and shelling the combination to 

form the shell. 

[0022] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises placing the casting 

core in a die; overmolding a sacrificial pattern material to 5 

the casting core in the die; removing the casting core and 

pattern material from the die; mating the casting core to the 

first metal piece; and shelling a combination of the first 

metal piece, casting core, and pattern material to form the 

shell. 10 

[0023] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises wax welding the 

pattern material to the first metal piece. 

[0024] In one or more embodiments of any of the foregoing 

embodiments, the method further comprises locally melting a 15 

portion of the first metal piece prior to the casting so as to 

propagate a crystalline structure of the first region into the 

second region upon solidification of the second region. 

[0025] In one or more embodiments of any of the foregoing 

embodiments, the locally melting melts no more than 30% (e.g., 20 

10% to 30%), by weight of the first metal piece. 

[0026] In one or more embodiments of any of the foregoing 

embodiments, the article is a blade. The first region 

comprises a first spanwise region of an airfoil of the blade. 

The second region comprises a second spanwise region of the 25 

airfoil of the blade. 

[0027] In one or more embodiments of any of the foregoing 

embodiments, the first region and second region share a 

crystalline orientation. 

[0028] In one or more embodiments of any of the foregoing 30 

embodiments, the first region and the second region are of 

different densities. 

[0029] The details of one or more embodiments are set forth in 

the accompanying drawings and the description below. Other 35 
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a susceptor (e.g., graphite) 178. Molten metal is contained at 

a crucible 180 (e.g., of a tilt melter) having a ceramic 

crucible and induction coil for heating. The molten metal is 

poured into the pour cone 182 and through downsprues 184 to 

fill the mold.  5 

[0065] FIG. 6 further schematically shows a plug 183 (e.g., 

ceramic) closing off the bottom of the pour cone 182 (e.g., 

from a hollow support column therebelow). The exemplary plug 

is inserted after de-waxing. Alternative plugs may be 

pre-formed as inserts in the wax pattern along the base of the 10 

pour cone. Exemplary ceramics for the plug include silica and 

alumina.  

[0066] If the mold assembly were to be grown naturally with 

no seed, then a molten metal charge is melted in the melt cup 

or crucible and poured through the pour cone/cup to fill the 15 

mold. The mold can be top fed or bottom fed. A filter may be 

used in the downsprue or feed tube to capture any ceramic or 

solid inclusion in the liquid metal as shown. Once the mold is 

filled, the radiation from the susceptor heated by the 

induction coils keeps the metal molten. Subsequently the mold 20 

is downwardly withdrawn from the furnace past/through a baffle 

which isolates the hot zone of the furnace from the cold zone 

below. Typically the withdrawal rate is 1-10 inches/hour 

(2.5mm/hour 0.25m/hour), depending on the complexity and size 

of the part. The part of the mold that gets withdrawn below 25 

the baffle starts solidifying due to the rapid cooling from 

the chill plate. Since that initial solidification is largely 

due to the chill plate it is highly biased in the direction of 

withdrawal. That is why the process is called directional 

solidification. Due to directional solidification, the starter 30 

block forms columns of grain of crystal of which the helical 

passage allows only one to survive. This results in a single 

crystal casting with <100> crystallographic or cube direction 

parallel to the blade axis.  
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CLAIMS 

1. A method for casting an article (60;60-2) comprising a 

first region (82;82-2) and a second region (80;81), the method 

comprising: 

mating a pre-formed casting core (232) to a pre-formed first 

metal piece (220) so as to protrude from the first metal 

piece; 

casting an alloy in a shell (290) with the casting core (232) 

protruding from the first metal piece (220); and 

deshelling and decoring to remove the shell and core and leave 

the first region formed by the first metal piece and the 

second region formed by the casted alloy.  

2. The method of claim 1 wherein: 

the decoring leaves one or more passageways (90) spanning 

between the first region and the second region. 

3. The method of claim 1 wherein: 

the casting core (232) is interfittingly mated with 

passageways (226) in the first metal piece. 

4. The method of claim 3 further comprising: 

adhesive bonding the casting core to the first metal piece. 

5. The method of claim 1 wherein: 

the first region forms a first portion of an airfoil (61) and 

the second region forms a second region of said airfoil. 

6. The method of claim 1 wherein: 

the first region and the second region have different 

compositions of nickel-based superalloy. 
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7. The method of claim 1 wherein: 

the first region and the second region have a shared 

crystalline structure. 

8. The method of claim 1 further comprising: 

forming the first metal piece by: 

casting the first metal piece in a first shell (170) 

containing a first casting core (122); and 

at least partially deshelling and decoring the first 

metal piece. 

9. The method of claim 1 further comprising: 

placing the first metal piece and the casting core in a die; 

overmolding a sacrificial pattern material to the casting core 

in the die; 

removing a combination of the first metal piece, casting core, 

and pattern material from the die; and 

shelling the combination to form the shell. 

10. The method of claim 1 further comprising: 

placing the casting core in a die; 

overmolding a sacrificial pattern material to the casting core 

in the die; 

removing the casting core and pattern material from the die; 

and 

shelling a combination of the first metal piece, casting core, 

and pattern material to form the shell. 

11. The method of claim 10 further comprising: 

wax welding the pattern material to the first metal piece. 
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12. The method of claim 1 further comprising: 

locally melting a portion (224) of the first metal piece prior 

to the casting so as to propagate a crystalline structure 

of the first region into the second region upon 

solidification of the second region. 

13. The method of claim 12 wherein: 

the locally melting melts no more than 30%, by weight of the 

first metal piece. 

14. The method of claim 12 wherein: 

the locally melting melts 10% to 30%, by weight of the first 

metal piece. 

15. The method of claim 1 wherein: 

the article is a blade (60;60-2); 

the first region comprises a first spanwise region of an 

airfoil of the blade; and 

the second region comprises a second spanwise region of the 

airfoil of the blade. 

16. The method of claim 15 wherein: 

the first region and second region share a crystalline 

orientation. 

17. The method of claim 15 wherein: 

the first region and the second region are of different 

densities. 

18. The method of claim 11 wherein: 

the placing, overmolding, removing, mating, and shelling are 

sequential. 
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19. The method of claim 10 wherein: 

the placing, overmolding, removing, mating, and shelling are 

sequential. 

20. The method of claim 9 wherein: 

the mating, placing, overmolding, removing, and shelling are 

sequential. 


