
United States Patent l1113,631,9i7 

[52] 

[51] 
[50] 

Inventor Ralph K. Lorton 
Hagerstown, Ind. 

App]. No. 858,028 
Filed Sept. 15, 1969 
Patented Jan. 4, 1972 
Assignee Dana Corporation 

Toledo, Ohio 

CENTRIFUGAL CASTING MOLD WITH FREE 
FLOWING PARTICULATE HEAT TRANSFER 
MEANS 
12 Claims, 4 Drawing Figs. 

US. Cl ...................................................... .. 164/286, 

164/292, 164/298, 165/89, 249/80 
Int. Cl ................................. .; .................... .. 322d 13/02 

Field of Search ....................................... ..164/286—302, 
114-1 18, 122; 233/11; 165/89, 90; 

249/137, 79, 80 

[56] References Cited 
UNITED STATES PATENTS 

1,469,206 10/1923 Anthony ..................... .. 164/ 1 14 X 
2,657,440 11/1953 Myers ..... .. .. 164/295 

2,797,899 7/1957 Funk et a1. .. 165/89 X 
3,369,598 2/1968 List . . _ . . . . . . . . . . . .. 165/90 

2,130,726 9/ 1938 Ardelt .... .. 249/79 
2,510,907 6/1950 Renaud ...................... .. 249/79 

Primary Examiner-Robert D. Baldwin 
Attorneys-Walter E. Pavlick, Harold D. Shall, John F. 

Teigland and Richardson B. Farley 

ABSTRACT: A centrifugal casting mold with free ?owing par 
ticulate heat-‘transfer means operable to act as an insulation 
barrier at high-rotational speeds of the mold and as a high 
heat conductor at the static condition or low-rotational speeds 
of the mold. 
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CENTRIIFUGAL CASTING MOLD WITH FREE FLOWING 
PARTICULATE HEAT TRANSFER MEANS 

This invention relates to centrifugal casting molds. More 
particularly, the invention relates to centrifugal casting molds 
having a controlled absorption rate of B.t.u.’s per minute from 
the molten state of the casting through its solidi?cation tem 
perature. 

In centrifugal casting processes, it is desirable and 
frequently necessary to control the cooling rate. For example, 
in casting metal (e.g., cast iron) it is necessary to closely con 
trol the cooling rate to arrive at the desired microstructure for 
a given chemical analysis. Generally, the problem is to retard 
the cooling rate to provide a uniform and ?ne grain structure. 
The conventional method is to arrive at a ratio between the 
mass of the mold and the material being cast. In other words, 
in order to retard the cooling rate it is necessary to decrease 
the mass of the mold, particularly the thickness of the mold 
wall. 
A second requirement of a centrifugal casting mold is that it 

should be capable of being quickly cooled to a desirable tem 
perature for the next casting operation. It is then necessary to 
return the mold to its original heat-absorption capability after 
the temperature of the mold cavity surface has been reduced 
to prevent undesirable surface grain characteristics and to 
allow the cast material to solidify sufficiently to grip to the 
mold when the mold is rotated at high speed. This results in a 
requirement that the mold be capable of being rapidly cooled 
which is diametrically opposite to the requirement that the 
mold be capable of retarding the cooling rate. 

Accordingly, it is the object of this invention to provide a 
centrifugal casting mold having a variable controlled heat-ab 
sorption rate. 

It is an additional object of the invention to provide a cen 
trifugal casting mold with a relatively low heat-absorption rate 
during its rapid spinning and a relatively high heat-absorption 
rate during low spinning or static conditions. 
Other objects and advantages will become apparent from 

the following description when taken in connection with the 
accompanying drawings, in which: 

FIG. 1 is a front sectional elevational view of the mold; 
FIG. 2 is a cross-sectional view of the mold in the static posi 

tion or slow rotation condition; 
FIG. 3 is a cross-sectional view of the mold in the high 

speed rotation condition; and 
FIG. 4 is a ?ow diagram of a typical centrifugal casting 

process. ' . 

Referring to FIG. 1, the centrifugal mold forming the instant 
invention is shown generally at 10. A ?rst cylindrical shell 12 
having a constant internal diameter 14 throughout its entire 
length forms a casting cavity 15 for the centrifugal mold 10. 
At the rightward end of this ?rst cylindrical shell 12 is an an 
nular flange 16 extending around the periphery of the ?rst 
cylindrical shell 12, with this ?ange concentric with the cavity 
of the mold and its axis of rotation. 

Surrounding the ?rst cylindrical shell 12 and enveloping it is 
a second cylindrical shell 18, the second cylindrical shell 18 
having a joint axis of rotation with the ?rst cylindrical shell 12. 
Coaxial counterbores 20 and 22 are formed on opposite ends 
of the second cylindrical shell 18, with counterbore 20 at the 
rightward end of the second cylindrical shell 18 receiving the 
annular ?ange l6 and maintaining the same in a concentric 
relationship to the axis of rotation of the centrifugal mold 10. 
The depth of the counterbore 20 serves to axially locate the 
?rst cylindrical shell 12 within the second cylindrical shell 18. 
Supporting the ?rst cylindrical shell 12 at its leftward end is an 
annular bearing ring 24. The bearing ring 24 has an outside 
diameter 26 which is received within the counterbore 22, and 
an internal diameter 28 which receives an outside outside 
diameter 30 of the ?rst cylindrical shell I2. The bearing ring 
24 is a?ixed to the second cylindrical shell 18 by means of a 
plurality of threaded fasteners 32, 32 so as to radially space 
and center the ?rst cylindrical shell 12 within the second 
cylindrical shell 18. 
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At the leftward end of the ?rst cylindrical shell 12 is an end 

closure 34, permanently secured to the ?rst cylindrical shell 
12 by a plurality of threaded fasteners 38, 38 and having a 
central aperture 36. The diameter of the aperture 36 is less 
then the inner diameter of the casting so that molten metal will 
not run out the end of the mold when the molten metal is in 
troduced into the cavity. 
The counterbore 20, at the rightward end of the second 

cylindrical shell 18, has received within it, along with the an 
nular ?ange 16, a locating ring 40 which abuts against the an 
nular ?ange 16. A lug ring 42, disposed in a bore 43 commu 
nicating with counterbore 20, abuts against the locating ring 
40. A plurality of screws 44, 44 secure the ?ange 16, the locat 
ing ring 40, and the lug ring 42 to the second cylindrical shell 
18 so that they all will rotate as a unit about the axis of rota 
tion of the centrifugal mold 10. 
To prevent the molten metal from running out the rightward 

end of the mold, a locking ring 46 having a central conical 
aperture 48 is secured in position by the lug ring 42 within the 
locating ring 40 and the locking ring 50. A small diameter 53 
of the conical aperture 48 is smaller than the inner diameter of 
the casting so that molten metal will not run out this end of the 
mold. The locking ring 46 is removable by a twisting action 
because of its engaging lugs 49 nesting behind portions on the 
lug ring 42, with this feature explained in more detail in US. 
Pat. No. 2,657,440. 
Two circumferentially extending stepped grooves 52, 52 ex 

tend completely around an outer peripheral surface 54 of the 
second cylindrical shell 28 and are used'for the purpose of 
alignment when the centrifugal mold is being spun, rollers on 
the molding machinery (not shown) engaging the centrifugal 
casting 10 at these locations to rotate the guide the said cen 
trifugal casting 10. 
A chamber 56 of annular con?guration is de?ned by an 

outer peripheral surface 58 of the ?rst cylindrical shell 12 and 
an inner cylindrical peripheral surface 60 of the second cylin 
drical shell 18. Partially ?lling the chamber 56 is a heat 
transfer medium 62 shown herein as copper shot. FIG. 1 
shows this heat-transfer medium only partially, it is to be un 
derstood that the same extends and is disposed throughout the 
axial extend of the chamber 56 so as to partially ?ll it. This 
heat-transfer medium 62 is shown further in FIG. 2 which de 
picts the low_rotation or static condition of the centrifugal 
mold 10 and, therein the copper shot is seen as partially ?lling 
the chamber 56 and in contact with both he outer peripheral 
surface 58 of the ?rst cylindrical shell 12, and the inner 
peripheral surface 60 of the second cylindrical shell 18. This 
provides a relatively high heat-transfer rate from the ?rst 
cylindrical shell 12 and the second cylindrical shell 18 through 
the heat-transfer medium 62. 

FIG. 3 shows the centrifugal mold 10 during high-speed 
rotation and indicates how the heat-transfer medium 62 has 
uniformly distributed itself about the inner peripheral surface 
60 of the second cylindrical shell 18, leaving an air insulating 
barrier 61 between the heat-transfer medium 62 and the outer 
peripheral surface 58 of the ?rst cylindrical shell 12. 
When the molten metal is ?rst introduced into the cavity 15 

of the centrifugal mold 10, (high spin speeds) slow cooling is 
required, therefore, the ?rst cylindrical shell 12 must not 
transfer a large amount of heat to the second cylindrical shell 
18 since a slow cooling rate must be maintained to enhance 
the ?nal grain structure of the completed casting. With the 
heat-transfer medium 62 distributed on the inner peripheral 
surface 60 of the second cylindrical shell 18, the air barrier 
that is created acts as an insulation layer causing the molten 
metal to cool slowly until it has solidi?ed throughout with the 
proper grain structure. At this solidi?cation point, it is impor 
tant to speed up the B.t.u. absorption rate of the centrifugal 
mold 10 to insure proper hardness and good strength charac 
teristics of the casting. This high Btu. absorption rate occurs 
when the heat-transfer medium 56 is in contact with both the 
?rst and second cylindrical shells l2 and 18 as indicated in 
FIG. 2 when the centrifugal mold I0 is rotating slowly or is in a 
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static position. Thus, after the initial solidi?cation of the cast 
ing, the centrifugal mold 10 is slowed in rotation, providing a 
high heat transfer ‘which completes the mold-cooling of the 
casting at which time it is ejected. The high heat-transfer rate 
provided by heat-transfer medium 62 then insures that the 
casting surface of the centrifugal mold 10 (the periphery 
formed by diameter 14) is cooled sufficiently to provide the 
next poured casting with the proper surface characteristics 
and to permit this casting to grip the centrifugal mold 10 so 
that it may be spun at high-rotational speed. 

Referring to FIG. 4, the process for centrifugally casting 
items using the mold of this invention is shown schematically. 
At point A, the centrifugal mold 10 has been placed on the 
spinning rollers 11, and is spun to the required speed. The 
heat-transfer medium 62 is uniformly distributed about the 
inner peripheral surface 60 at this time (FIG. 3) and the ?rst 
cylindrical shell 12 is at the required mold temperature. The 
molten metal is introduced to the cavity 14 of the centrifugal 
mold l0, and the rotational speed is maintained until the cast 
ing has solidi?ed. 
The mold is stopped, when the metal has solidi?ed, and 

raised to point B. Once the mold 's rotational speed is slowed 
down, the heat-transfer medium 62 comes into contact with 
both the ?rst and second cylindrical shells l2 and 18 and rapid 
cooling occurs. From point B, the centrifugal mold 10 rolls, 
due to gravity, down an inclined surface to point C where it is 
then lowered to point D to eject the casting from the mold. 

After ejecting the casting, the centrifugal mold 10 again 
rolls down a sloped surface to await another shot of molten 
metal at point A. During this wait to be re?lled, the centrifugal 
mold may have to be further cooled to reduce its temperature 
to the proper temperature for the particular metal being cast. 
This may be accomplished by letting the centrifugal mold 10 
remain in its high heat-transfer condition (FIG. 2) for an ex» 
tended length of time or by providing supplementary cooling 
at point A. A more detailed explanation of the centrifugal 
casting process and an apparatus for carrying it out can be 
found in the aforementioned US. Pat. No. 2,657,440. 
From the foregoing description, it is obvious that the cen 

trifugal casting mold described will allow low heat absorption 
during pouring and initial solidi?cation of the molten metal, 
and also allow high heat absorption once the metal has 
solidi?ed, to insure the proper hardness and strength of the 
casting. . 

What is claimed is: 
l. A mold for use in centrifugal casting comprising a ?rst 

shell having an inner wall de?ning the molding cavity of said 
mold, a second shell spaced radially outwardly from said ?rst 
shell, means for maintaining said shells in spaced apart rela 
tionship to define a closed chamber therebetween, and a par 
ticulate freely ?owable heat-transfer medium partially ?lling 
said chamber and being in contact with both said ?rst and 
second shells to ‘conduct heat therebetween, said medium 
being capable of radial movement whereby on rotation of said 
mold at centrifugal casting speeds said medium will be thrown 
radially outwardly creating an air barrier between said medi 
um and said ?rst shell. 

2. The mold of claim 1, wherein said medium is a particu 
lated material of high-heat conductivity. 

3. The mold of claim 1, wherein said ?rst and second shells 
are generally cylindrical. 

4. The mold of claim 1, wherein said heat transfer medium 
is copper shot. 

5. A centrifugal casting mold comprising a ?rst cylindrical 
shell, means for preventing molten metal from ?owing out of 
the ends of said ?rst shell, a second cylindrical shell surround 
ing said ?rst shell along the axial length of said ?rst shell and 
spaced radially outwardly therefrom, means from maintaining 
said ?rst and second shells in spaced apart relationship and 
de?ning a closed chamber therebetween, and free~?owing 
particulate means for transferring heat, disposed in and par 
tially ?lling said chamber, said heat-transfer means operable 
to uniformly distribute itself about the outer peripheral sur 
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4 
face of said chamber upon rotation of said shells at centrifugal 
casting speeds to leave an airspace adjacent the inner 
peripheral surface of said chamber, and operable to contact 
both said inner and outer peripheral surfaces upon rotation of 
said shells at speeds below said centrifugal casting speeds. 

6. The mold of claim 5, wherein said heat—transfer means 
comprises a free-?owing particulated material having a high 
coefficient of thermal conductivity. 

7. The mold of claim 6, wherein said material is copper shot. 
8. A mold for centrifugally casting a hollow cylindrical 

member, the mold comprising; (a) a hollow cylindrical jacket 
having an axis of rotation, (b) a hollow cylindrical insert 
mounted within said cylindrical jacket and concentric to the 
axis of rotation of said jacket, said jacket and said insert 
operable to rotate together about said axis of rotation, (c) an 
end plug af?xed to one end of said cylindrical insert, said end 
plug having a cylindrical opening concentric to the axis of 
rotation and smaller than the inner diameter of said cylindrical 
insert, (d) a locking ring at opposite end of said cylindrical in 
sert from said end plug, and being operable to be removed by 
a twisting action about the axis of rotation, said locking ring 
having a cylindrical opening concentric to the axis of rotation 
and smaller than the inner diameter of said cylindrical insert, 
(e) an annular gap between the inner diameter of said cylin 
drical jacket and the outer diameter of said cylindrical insert, 
gap being closed by said end plug and said locking ring to 
de?ne a closed chamber, (f) heat-transfer free-?owing par 
ticulate means within said closed chamber and partially ?lling 
the same, said heat-transfer means operable to uniformly dis 
tribute itself about the inner diameter of said hollow cylindri 
cal jacket upon rotation of said mold about its axis of rotation 
at centrifugal casting speed to leave an airgap between the 
heat-transfer means and the outer diameter of said cylindrical 
insert, and operable to engage both the outer diameter of the 
cylindrical insert and the inner diameter of the cylindrical 
jacket upon rotation of the mold about its axis of rotation at 
speeds less than said centrifugal casting speeds. 

9. A centrifugal casting mold comprising; (a) a ?rst rotata 
ble tube, (b) a second rotatable tube received within said ?rst 
tube and operable to rotate with said ?rst tube, (c) an annular 
chamber between said ?rst and second rotatable tubes, said 
chamber having an inner and outer peripheral surface, (d) 
means for closing the ends of said chamber, (e) free-?ow par 
ticulate heat-transfer means within said chamber and partially 
?lling the same, said heat-transfer means operable to 
unifomtly distribute itself about the outer peripheral surface 
of said chamber upon rotation of said ?rst and second tubes at 
centrifugal casting speeds to leave an airspace between the 
heat-transfer means and said inner peripheral surface of said 
annular channel and operable to engage both said inner and 
outer peripheral surfaces of said chamber upon rotation of 
said ?rst and second tubes at speeds less than said centrifugal 
casting speed. 

10. A centrifugal casting mold comprising; (a) a ?rst rotata 
ble tube having an axis of rotation, (b) ?rst and second coaxial 
counterbore in opposite ends of said ?rst rotatable tube, said 
bores concentric with said axis of rotation, (c) a bearing ring 
received within said ?rst counterbore and ?xedly attached to 
said first rotatable tube to rotate therewith, said bearing ring 
having a circular opening concentric with said axis of rotation, 
(d) a second rotatable tube received within said ?rst rotatable 
tube and rotatable therewith, said second rotatable tube hav 
ing an annular ?ange at one end thereof, said ?ange received 
within said second counterbore and ?xedly attached to said 
?rst rotatable tube, and said second rotatable tube radially 
supported at the end opposite said circular ?ange by said cir 
cular opening within said bearing ring, (e) an end closure ?x 
edly attached to said second rotatable tube at end opposite 
said circular flange, said end closure having an opening con 
centric with said axis of rotation, and said opening smaller in 
size than the internal dimensions of said second rotatable 
tube, (f) a locking ring received within said second counter 
bore adjacent said circular ?ange, and being operable to be 



3,631,917 
5 

removed by a twisting action about said axis of rotation, said 
locking ring having an opening concentric with said axis of 
rotation and smaller in size than the internal dimension of said 
second rotatable tube, (g) an annular chamber between said 
?rst and second rotatable tubes, said chamber having an inner 
and outer peripheral surface and being closed at the ends by 
said end closure and said locking ring, (h) free-?owing par 
ticulate heat-transfer means within said chamber and partially 
?lling the same, said heat-transfer means operable upon rota 
tion of said ?rst and second rotatable tube at centrifugal cast 
ing speeds to uniformly distribute itself about the outer 
peripheral surface of said annular channel, leaving an airspace 
between the heat-transfer means and said inner peripheral sur 

20 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

6 
face of said channel, and upon rotation of said ?rst and second 
rotatable tubes at speeds less than said centrifugal castings 
speeds said heat~transfer means being operable to engage both 
the inner and outer peripheral surfaces of said annular chan 
nel. 

11. A centrifugal casting mold according to claim 10 
wherein said heat-transfer means consists of a free-?owing 
particulated material having a high coefficient of thermal con 
ductivity. 

12. A centrifugal casting mold according to claim ll 
wherein said particulated material is copper shot having a 
generally spherical shape. 


