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8 Claims. (CI. 22-65) 

This invention relates to a casting apparatus and more 
particularly to a centrifugal casting apparatus, operat 
ing under a vacuum. 
The apparatus of the present invention is specially 

suited to the casting of uranium rods or slugs that are 
to be used in a neutronic reactor. Because of the small 
size of the rods the apparatus is designed to form a plu 
rality of them simultaneously in one operation. 

In the drawings: 
Fig. 1 is a vertical sectional view taken through the 

novel casting apparatus of the present invention; 
Fig. 2 is a horizontal sectional view taken on the 

line 2-2 of Fig. 1 and showing a rotary table, molds, 
and a distributor; 

Fig. 3 is a plan view, with parts broken away and in 
section, of the distributor and portions of some of the 
molds; 

Fig. 4 is a vertical sectional view taken on the line 
4-4 of Fig. 3; 

Fig. 5 is a horizontal sectional view taken on the 
line 5-5 of Fig. 1 and showing the manner in which a 
thermal shield is fastened to a vacuum fitting; 

Fig. 6 is a vertical sectional view somewhat similar 
to Fig. 1 but on an enlarged scale and showing a crucible 
and parts associated therewith; 

Fig. 7 is a horizontal sectional view taken on the line 
7-7 of Fig. 6 and showing a viewing window for look 
ing into the crucible; and 

Fig. 8 is a fragmentary view, partially in section, show. 
ing the connection of lifting means for the crucible 
stopper. 
As shown in Fig. 1, the casting apparatus of the pres 

ent invention comprises, in brief, a crucible 10, a heater 
11 surrounding the crucible for melting metal in the 
crucible, a hollow stool 12 supporting the crucible and 
conducting molten metal flowing downward from the 
crucible, a distributor 13 receiving molten metal from 
the hollow stool 12, a plurality of molds 14 receiving 
molten metal from the distributor 13, means including a 
motor; 15 for rotating the distributor and molds, and 
means including lines 16 and 17 for applying vacuum, 
respectively, to the distributor 13 and molds 14 and to 
the crucible 10. 
As shown in Fig. 6, the crucible. 10 has a cover 18. 

Both are formed of a refractory material such as mag 
nesia or thoria. A tantalum sheet 18a rests on the top 
of the cover 18. The crucible 10 rests on a pedestal 19 
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which is formed of a refractory material such as mag 
nesia. The crucible 10 has a conical lower end which 
projects into and rests on a conical seat in the pedestal. 
formed of a tantalum ring 20. The pedestal 19 rests 
on an annular head 21 secured to the top of the tubular 
stool 12. Both the stool. 12 and the head 21 are formed 
of nickel. Around the crucible 10 and the pedestal 19 
there is a zirconia sleeve 22 which has a tantalum heater. 
lining 23 which is spaced from the crucible and the ped 
estal. The head 21 has an annular projection on its 
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upper side. which centers, the pedestal 19 and the sleeve 
22 with respect to the hollow stool. 12, so that the spac 
ing of the tantalum lining 23 from the crucible 10 and 
the pedestal is maintained. 
The crucible. 10 is provided with a stopper 24 which 

is formed of a refractory material such as magnesia. 
The stopper 24 is lifted to open the crucible 10 by means 
of a tube 25 which may be of a stainless steel and is 
connected detachably to the stopper 24 by means of a 
cap 26 and a pin, 27 which are associated with one 
another in a bayonet joint. The cap. is of stainless steel 
and is bonded to the tube. 25. The pin is of tantalum 
and projects through a reduced upper end 28 on the stop 
per 24. The tube 25 is secured to a brass fitting 29 to 
which is connected a stainless-steel line 30 communicat 
ing with the tube 25 through the fitting 29. A stain 
less-steel tube 31 projects through the fitting 29 into the 
tube and has an open end near but spaced from the cap 
26. The tube 31 is small enough to be spaced from the 
interior of the tube 25, so that cooling water may be 
supplied to the outer tube 25 from the line 30, and finds 
its way out through the inner tube, 31. A tantalum 
disk shield 32 is bonded to the tube 25 near but spaced 
from the cap 26. 
A tubular structure 33 which is made of heat-resistant 

glass encloses the crucible 10, the pedestal 19, the sleeve 
22, and portions of the tube. 25 and the stool 12 and 
lies within the heater 11, which is an induction-heating 
coil formed of hollow tubing. The ends of the tubular 
structure 33 engage. annular seals 34 of silicone rubber 
which are mounted in upper and lower adapter rings, 
35 and 36. These adapter rings are made of brass, and 
are hollow so that they may be kept cool by cooling 
water supplied to them by lines 37 and removed from 
them through lines. 38, the lines 37 and 38 entering each 
ring at adjacent regions, and a partition, being provided. 
across the annular cooling-water passage in the ring be 
tween the regions where the lines. 37 and 38 are con 
nected. The lower ring 36 rests on a stainless-steel 
spider ring 39 which supports, the stool 12 through a 
stainless-steel collar 40 which is bonded to the stool 12 
and has threaded engagement with the spider. An an 
nular neoprene seal 41 is provided in a groove in the 
spider ring on the side thereof facing the lower brass 
ring 36. - 
The spider ring 39 is bonded to and supported on a 

stainless-steel plate 42 which forms part of a housing. 43. 
enclosing the distributor 13 and the molds 14. As shown 
in Fig. 1, the housing 43 also includes a stainless-steel 
drun head 44 which is secured to the plate 42 by a stain 
less-steel bolting ring 45, which is bonded to the drum. 
head 44 and is attached to the plate by bolts 46 and nuts. 
47, of which only one of each is shown. There is a neo 
prene sealing ring 43 between the plate. 42 and the bolt 
ing ring 45. The drum, head. 44 is bonded to a stain 
less-steel annular plate 49 which is secured to a mount 
ing base 50 by screws. 51. An annular neoprene seal 
51a, mounted in a groove in the mounting base 50, acts 
between the mounting base and the annular plate 49. 
The upper portion of a vertical drive shaft. 52 is journaled 
in the mounting base 50 by means of a roller thrust 
bearing 53 secured in the mounting base 50. The lower 
portion of the shaft 52 is journaled by means of a roller 
thrust bearing:54 secured to the mounting base 50 through 
a bracket 55. The shaft 52 is driven by the motor 15 

- through belts 56 and pulleys. 57 and 58, secured, re 
spectively, to the lower end of the shaft. 52 and to a 
shaft 59 of the motor. 15.. The motor 15 is secured 
to the mounting base 50 by means of a bracket-60. A 
magneto tachometer 61, supported on the mounting base. 



50, is driven from the lower end of the shaft S2 through 
a belt 62. 
A rotary table 63 is keyed to the upper end of the 

shaft 52 so as to be supported and driven thereby. The 
distributor 13 and the molds 14 are secured to and sup 
ported on the rotary table 63. As shown in Figs. 3 and 4, 
the distributor is formed of two complementary upper 
and lower parts 64 and 65 which are of graphite. The up 
per part 64 receives the lower end of the hollow stool 
in a loose fit that permits rotation of the distributor with 
respect to the stool. The part. 65 has grooves on its 

.0 

upper surface which cooperate with the lower surface 
of the part 64 to provide curved passages 66 which ex 
tend generally radially outwardly. However each passage 
66 deviates from a radius drawn from the center of the 
distributor 13 to the inner end of the passage 66 in in 
creasing amounts when considered in a radially outward 
direction. As shown in Fig. 4, the outer portion of each 
passage 66 is substantially horizontal, and the remainder 
of each passage slopes somewhat downwadly and out 
wardly from a central conical region 66a. The distribu 
torparts 64 and 65 have at their radially outward regions 
tooth-like portions 67 each of which has a generally 
vertical surface 68 in which the outer end of the associ 
ated curved passage 66 terminates while extending gen 
erally normally thereto. Each mold 14 is formed of up 
per and lower mating copper halves located with re 
spect to one another by dowel projections and recesses 
formed thereon. The radially inner end of each mold 
abuts one of the surfaces 68 of the distributor 13. The 
molds 14 are secured to an upper horizontal surface 69 of 
the rotary table 63 by means of screws 70, bridging 
finger pieces 71, and screws 72. Each screw 70 goes 
through the halves of the mold 14 adjacent that radially 
outer corner of the mold that is shown in Fig. 2 to en 
gage an upstanding outer rim 73 on the rotary table 63. 
Each screw 70 also has threaded engagement with the 
rotary table. Each bridging piece 71 engages two ad 
jacent molds 14 and receives a screw 72 which is threaded 
into the rotary table 63. The distributor parts 64 and 
65 are securely held to the rotary table 63, because their 
surfaces: 68 are engaged by the radially inner ends of the 
molds 14, and surfaces 73a, also formed on the tooth 
like portions 67, are engaged by regions of the mold sides 
adjacent the radially inner ends. 

Each mold 14 has a straight horizontal cavity 74 which 
extends lengthwise of the mold and has an enlarged por 
tion 75 at its radially inner end of the mold in direct 
communication with the outer end of an associated dis 
tributor passage 66. Each portion 75 is shaped like the 
frustum of a cone, the large end, being at the end of 
the distributor passage 66 and larger in diameter that 
the same and the small end merging with the rest of the 
mold cavity 74. Each mold passage 74 has a closed 
outer end adjacent the outer end of the mold. The 
vertical sides of each mold 14 adjacent the inner end 
of the mold converges in a direction toward the inner 
end of the mold so that, as shown in Fig. 2, there is room 
for a large number of molds 14 on the table 63 in com 
munication with the distributor 13. In the embodiment of the invention shown in the present application there 
are 16 molds. The molds engage one another at their 
inner tapering sides. As previously stated, each mold 
cavity. 74 is straight and extends at an angle to the radial 
direction. When considered with respect to the radius 
drawn from the center of the distributor 13 to the inner 
end of the associated distributor passage 66, each mold 
passage 74 makes a greater angle to the radius than any 
portion of the passage 66. 
The bottom of the lower distributor part 65 has a re 

cess 76 in which a coil heater 77 is positioned, which 
may be made of stainless-steel tubing, a coil in the tubing 
formed of nickel-chromium-iron wire, and an insulating 
filler between the cail and the tubing. Electrical leads 
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for the heater 77 go out through the vertical drive shaft 
52 to a plug 78 mounted in the lower end of the shaft 52. 
This arrangement requires cutting off of the heater 77 
before the distributor 13 and molds 14 can be rotated. 
In an alternate arrangement the heater 77 is connected 
to a source of electric power through slip rings so that 
the heater need not be cut off when the distributor and 
molds are rotated. 
The upper portion of the vertical drive shaft. 52 is pro 

vided with a seal 79 positioned in a flange 80 formed 
on the mounting table below the thrust bearing 53 and a 
seal 81 positioned above the thrust bearing 53 in a cap 
82 secured to the mounting base 50. 
The adapter ring 35 on the upper end of the tubular 

structure 33 is engaged by a stainless-steel ring flange 82 
which is bonded to one end of a stainless-steel T-fitting 
83. An annular neoprene seal 84 is positioned between 

- the adapter ring 35 and the flange 82 in a groove formed 
20 

25 

30 

in the latter. A stainless-steel ring flange 85 is bonded to 
the upper end of the T-fitting 83, and a brass plate 86 is 
secured by bolts 87 to the flange 85. An annular neoprene 
seal 88 is positioned between the ring 85 and the plate 86 
in a groove formed in the latter. A quartz window 89 fits 
loosely in a recess formed in the upper or outer side of 
the brass plate 86, and an annular neoprene seal 90 lies 
between the window 89 and the plate 86 in a groove 
formed in the latter. An opening 91 is formed in the plate 
86 beneath the window 89 and is closed by the enlarged 
outer end of an arm 92 which is pivotally mounted on the 
lower or inner side of the plate 86 and controlled by an 
external projection 93 going through a seal in the plate 86 
to the upper or outer side thereof. 
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The T-fitting 83 is bonded to the line 17, which is also 
of stainless steel and has a slidable clamping fit with a 
stainless-steel fitting 94. The line 17 is clamped and 
sealed to the fitting 94 by a seal, not shown, that is 
mounted in the fitting 94 and squeezed against the line 17 
by means of a clamping ring 95 threaded on the fitting 
94. The line 16 is also of stainless steel and has a sliding 
clamping fit with the fitting 94 similar to that of the line 
17 through a seal, not shown, and a clamping ring 96 
threaded on the fitting 94. The line 16 has an end flange 
97 which engages the housing plate 42 at an opening 98 
formed therein. An annular neoprene seal 99 lies be 
tween the flange 97 and the housing plate 42 and the 
groove formed in the latter. The flange 97 is held against 
the housing plate 42 by means of clamps 100 and screws 
101 of which only one of each is shown in Fig. 1. The 
fitting 94 is adapted to be connected to a source of 
vacuum, not shown. 
The tube 25 is sealed in the plate 86 by means of a 

neoprene ring 102, a fitting 103 inserted in the plate 86 
and bonded thereto, and a fitting 104 threaded into the 
fitting 103 so as to press the ring 102 against the tube 25. 
The fitting 94 is protected from the heat generated by the 
heater 11 by a transite shield 105 held between the fitting 
and the heater in spaced relation to both by means of a 
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bracket 106 secured to the fitting. The bracket 106 has 
an arcuate slot 107 having its center coincident with the 
axis of the vertical passage of the fitting 94. A threaded 
rod 108 goes through the slot 107 and is adjustably fixed 
to the bracket 106 by means of thumb screws 109 and 110, 
respectively, above and below the bracket. An arm 111 
secured to the line 17 has an open-end slot receiving an 
upper portion of the threaded rod 108. Thumb screws 
112 and 113 which are threaded to the rod 108, respec 
tively, above and below the arm 111 fixed the rod to the 
arm. A rod 114 is adjustably secured to the housing plate 
42 by means of a nut 115 which is secured to the housing 
plate and receives the lower end of the rod 114 in a 
threaded connection. A bracket 116 secured to the fitting 

s 
83. has an open-end slot receiving the upper portion of 
the rod 114. Thumb screws 117 and 118 which are 
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threaded to the upper portion of the rod, respectively, 
above and below the arm 116 fix the arm to the rod; 
The castingapparatus of the present invention is to form 

rods or slugs of uranium alloyed with 2% by weight of 
zirconium. The zirconium used in the crucible charge is 
in the form of wiresswaged from crystal bars of zirconium 
and wound on a mandrel the size of the stopper rod 24 so 
as to fit around the stopper rod in the bottom of the 
crucible 10. The uranium is in the form of 93% U235-en 
riched uranium reduction buttons which are placed in 
the crucible 10 above the zirconium wire. After the 
crucible has been charged and placed on the pedestal 19 
within the sleeve 22 and the tubular structure 33, the 
T-fitting 83 is applied to the open end of the tubular 
structure 33 as shown in Figs. 1 and 6. Adjustment of 

0. 

the thumb screws 12 and 117 downward against the 
arms 111 and 116 attached to the line 17 and the fitting 
83, clamps the fitting.83 against the tubular structure 33, 
or more exactly, the flange ring 82 on the fitting 83 
against the upper adapter ring 35 on the tubular structure 
33. The thumb screws 113 and 118 are now adjusted 
upwardly against the arms 111 and 116. The apparatus 
is evacuated by application of a vacuum to the horizontal 
line of the fitting 94 which communicates through the 
lines 16 and 17, respectively, with the housing 43 con 
taining the distributor 13 and mold 14 and the upper side 
of the crucible 10 which is the side away from the dis 
tributor and the mold. This application of vacuum to two 
regions of the apparatus has the advantage of producing 
equalization of vacuum in the two ends of the apparatus. 
Current is now applied to the heater 11 which causes the 
charge in the crucible 10 to melt. In the meantime cur 
rent is applied to the heater 77 to preheat the distributor 
13 and the molds 14. Such preheating will under the 
action of the vacuum applied drive gases out of the dis 
tributor and the molds and thus prevent outgassing when 
the hot molten metal comes in contact with the distributor 
and the molds. 
While the charge in the crucible 10 is being melted, the 

table 63, the molds 14, and the distributor 13 may be 
rotated by the motor 15 acting through the drive shaft 52 
at some intermediate speed. As the charge in the crucible 
10 is being heated, the charge may be observed through 
the quartz window 89 mounted in the plate 86 after the 
arm 92 is pivoted to uncover the opening 9 formed in the 
plate 86 before the window 89. Openings 119 and 120 
formed, respectively, in the tantalum shield 32 and the 
crucible cover 18 are in line with the opening 91 in the 
plate 86, so that a viewer may look through the window 
89 and through these openings into the crucible 10. 
Evaporation of metal coatings from the molten metal in 
the crucible 10 causes fogging of the portion of the 
quartz window 89 directly over the opening 91 in the plate 
86. The window 89 may be rotated to bring a clean por 
tion over the opening 91. The tantalum layer 23 lining 
the refractory sleeve 22 absorbs heat and reduces or pre 
vents heat shock upon the crucible 10 such as would be 
produced by the heating of the charge within the crucible 
directly by the coil heater 11 without the tantalum lining 
23. At low power the coil 11 induces heat only in the 
lining 23, which in turn heats the charge in the crucible 
10. Thus heat is not induced directly in the crucible 
charge, and heat goes from the outside of the crucible to 
its inside, rather than in the reverse direction, with the 
result that the crucible is not so likely to break. The 
lining 23 is sufficiently thin that at high power, when the 
crucible and the charge are at an elevated temperature, 
the core 11 induces heat directly in the crucible charge. 
The cover sheet 18a and the pedestal seat 20 act in some 
what the same way on the crucible charge as does the 
heater lining 23. 
When the charge in the crucible 10 has melted and 

reached the proper temperature for pouring, the rota 
tional speed of the distributor 13 and molds 14 is in 

6 
creased, and the stopper 24 is lifted by means of the tube 
25. Now molten metal flows downwardly out of the 
crucible 10 and through the hollow stool 12 into the 
distributor 13. In the distributor the molten metal under 
centrifugal action flows outwardly through the passages 
66 in the mold cavities 74. With the distributor pas 
sages 66 and the mold cavity 74 angularly arranged as 
shown in Fig. 3, the direction of rotation of the distributor 
13 and molds 14 will be clockwise when viewed from 
above, as indicated by an arrow 121. Thus the mold 
cavities 74 and the distributor passages 66 lag behind 
radial lines drawn from the center of rotation of the dis 
tributor to the inner ends of the distributor passages 66, 
with the result that the mold cavities 74 are aligned in 
the free-flow path of the molten metal moving outwardly 
so that the metal fills the molds with a minimum of im 
pingement upon the mold walls. The molds 14, being 
copper, chill the metal as it fills the mold cavity 74 and 

... cause the metal to be fine grained. The application of 
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vacuum to the distributor 13 and the molds 14 is con 
tinued for sometime after the metal has solidified in the 
molds. The enlarged portions 75 at the inner ends of the 
mold cavities 74 cause the castings in the molds to have 
enlarged hot-heads at these ends and thus prevent a for 
mation of porous or hollow portions at these ends of the 
castings. The distributor 13, being of graphite, is easy 
to machine and has high resistance to thermal shock, 
a low thermal conductivity, and good non-wetting and 
non-sticking properties. 
After the castings have cooled sufficiently, the appli 

cation of vacuum is discontinued, and an inert gas may be 
Supplied through the apparatus for a suitable period of 
time. Next the tube 25 is uncoupled from the stopper 
24 and is lifted so that its coupling cap 26 is located 
within the fitting 83. Now the thumb screws 112, 113, 
17, and 18 are backed away from the arms 111 and 
16 along the rods 108 and 114, the thumb screw 110 

is backed away from the bracket 106, and the clamp 95 
is loosened. Now the thumb screw 109 is screwed 
downwardly against the bracket 106 to raise the line 17 
and the fitting 83, thus spacing the flange ring 82 on the 
fitting 83 from the brass ring 35 on the upper end of the 
tubular structure 33. Now the line 17 may be pivoted 
to swing the fitting 83 away from the top of the tubular 
structure 33. Such pivoting may take place, because 
the rod 108 may move along the arcuate slot 07 in the 
bracket 106. 
The intention is to limit the invention only within the 

Scope of the appended claims. 
What is claimed is: 
1. A metal-casting apparatus comprising a crucible, a 

distributor having arcuate passages and being positioned 
therebelow for receiving molten metal therefrom, a plu 
rality of molds arranged about the distributor so as to 
have horizontal cavities generally aligned with tangents 
drawn to the passages at points where the passages meet 
the molds and adapted to receive molten metal from the 
distributor passages, the ends of the cavities at the dis 
tributor being enlarged with respect to the distributor pas 
sages and the remaining portions of the cavities to pro 
duce hot heads in the castings formed in the molds pre 
venting shrinkage depressions in the castings, and means 
for rotating the distributor and the molds about a verti 
cal axis through the distributor to enable the molten 
metal to move out of the distributor into the molds under 
the action of centrifugal force. 

2. The apparatus specified in claim 1, the molds being 
formed of copper, and the distributor being formed of 
graphite. 

3. The apparatus specified in claim 2 and further com 
prising a first vacuum line for applying a vacuum to the 
distributor and the molds and a second vacuum line for 
applying a vacuum to the crucible on the side thereof 
away from the distributor and the molds. 



4. The apparatus specified in claim 3 and further com 
prising a heater positioned in the distributor for out 
gassing the distributor and the molds. - . 

5. A metal-casting apparatus comprising 
rotary table having an outer rim, a distributor positioned 
at the center of the table and provided with a plurality 
of arcuate passages, the distributor further having a 
plurality of non-tangential surface portions around the 
periphery of the distributor, a plurality of molds extend 
ing horizontally outwardly from the distributor to the 
rim of the table, the inner end of each mold abutting one 
of said surface portions of the distributor, one corner 
of the outer end of each mold engaging the outer rim of 
the table, a screw passing through each mold adjacent 
the said corner and into the table, a plurality of clamps, 
each clamp engaging two adjacent molds and bridging 
the space between, each mold being engaged by two. 

a horizontal 
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clamps, a screw passing through each clamp and between 
the molds engaged thereby and into the table, each mold 
having a cavity extending at an angle to the radial and 
having an open end at the distributor and a closed end 
at the outer rim of the table, the molds engaging one 
another at their sides adjacent their inner ends. 

6. The apparatus specified in claim 5 and further com 
prising a housing enclosing the table, distributor, and 
molds and having an opening over the distributor, a 
tubular structure rising from the housing at the opening, 
a crucible positioned in the tubular structure above and 
in Spaced relation to the distributor, means for conduct 
ing molten metal from the crucible to the distributor, a 
first vacuum line connected to the housing radially out 
ward of the rotary table, and a second vacuum line con 
nected to the tubular structure above the crucible. 

20 

25 

30 

8 
7. The apparatus specified in claim. 6, the means for 

conducting molten metal from the crucible to the dis 
tributor comprising a tubular stool having its upper end 
supporting the crucible and its lower end projecting into 
the distributor, the apparatus further, comprising a sup 
port cooperating with a portion of the tubular stool inter 
mediate its ends to carry the stool and being in turn car 
ried by the housing at its connection with the tubular 
structure. . . . . . . . . . . . . 

8. A metal-casting apparatus comprising a distributor. 
for receiving molten metal and provided with a plurality 
of arcuate passages leading generally radially outwardly 
from the center to the periphery of the distributor, a 
plurality of molds arranged about the distributor and 
having cavities generally aligned along tangents to the 
arcuate passages at points where the passages join with 
the molds, and means for rotating the molds and the dis-, 
tributor about an axis through the distributor to arrange. 
for the molten metal to move out of the distributor into 
the molds along the free-flight path resulting from the 
action of centrifugal force on the molten metal and the 
movement of the distributor with respect to the molten 
metal. 
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