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2 Claims. 

This invention relates to apparatus for con 
tinuously casting hollow metal shapes. 
Various proposals have been made to con 

tinuously cast pipes, tubes and other hollow metal shapes by leading molten metal into a mold cavity 
defined by the inner walls of a mold body and a 
mandrel disposed longitudinally therein, and 
withdrawing the cast shape from such cavity, the 
metal undergoing solidification in the cavity dur 
ing its passage therethrough. Despite Such prO 
posals and notwithstanding the fact that many 
of them were long since advanced, the adaption 
of continuous casting to the commercial pro 
duction of hollow shapes has yet to be generally 
realized. 
While various factors are probably responsible 

for the fact that continuous casting has yet to 
generally replace the standard practices for pro 
ducing hollow shapes, it is applicants' belief that 
this is probably to be attributed in large measure. 
either to the inability of the particular continu 
ous casting proposal to yield a product equal or 
superior in quality to that obtained by the older 
practices, or to do so at a comparable or per 
missible cost. For instance, if a particular con 
tinuous casting operation will produce a tube but 
only with an accompanying variation in wall 
thickness of, say 10-20%, or will produce a quality 
product but only at a prohibitive cost, it has 
little to commend itself for general adoption. 
The present invention provides improved ap 

paratus for continuously casting hollow metal 
shapes on a commercial basis, the products mani 
festing uniformity in their dimensions-both in 
ner and outer, and exhibiting minimum variation 
in wall thickness-less than 1% being commonly 
achieved. 
Although the novel features which are believed 

to be characteristic of this invention will be par 
ticularly pointed out in the claims appended 
hereto, the inventio 
advantages, and.th 
carried out, may be 
ferring to the followi 
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Fig. 2 is a view taken at the line 2-2 of Fig. 1, 
looking in the direction of the arrows. 

Fig. 3 is an elevation in section of a modified form of such casting apparatus, and 
Fig. 4 is a further modification of such casting 
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Like reference characters denote like parts in 
the several figures of the drawings; similar parts 
bear the Suffix dit or b. 

Referring to the drawings, and particularly 
Fig. 1, 0 represents the floor of a crucible or 
other suitable vessel containing molten metal 4 
to be cast. A mold, having body portion f6, is 
provided at its upper end with a mandrel 8 
which is fixedly secured thereto by the cooperat 
ing male and female threaded segments 20 and 
21, respectively. A cooling jacket 22 surrounds 
the lower portion of the mold 6 for solidifying 
the molten metal into the hollow casting 24. 
Two pairs of oppositely disposed rolls 26-28 are 
provided for controlling the withdrawal of the 
casting 24 from the mold. The cap portion of 
the mandrel 8 is provided with a number of 
holes 30 for introducing molten metal 4 from 
the holding vessel into the mold cavity at 32. 

In the modification shown in Fig. 3 the top 
portion 34 of the mandrel. 8a, is externally 
threaded and is fixedly secured to mold body 6a 
which is internally threaded at its top portion 35, 
all as indicated at 34. In the modification shown 
in Fig. 4 mold body f6b and mandrel 8b are 
formed of a single piece of material, holes 30b 
being provided for ingress of molten metal to the 
mold cavity. In all cases, the mold is provided 
with external threads 36 which engage threads 
37 in the base or floor to for mounting and dis 
mounting the mold simply by Screwing or un 
screwing the mold into or out of the base from 
below. In mounted position, as shown in the 
drawings, the top of the mold extends through 
the floor of the vessel so that the upper region 
of the mold cavity communicates directly with 
the interior of the vessel to receive molten metal 
therefrom by gravity in response to withdrawal 
of the cast shape from the mold thereby preclud 
ing any free surface of molten metal in the mold 
during casting. 

It is to be noted that in all three forms of ap 
paratus the body and mandrel portions of the 
mold are structurally joined and united one to 
the other in fixed relationship thereby preclud 
ing both horizontal and vertical relative move 
ment between the portions, which feature has 
been found to be of major importance in main 
taining the mold cavity with constant dimensions 
throughout the continuous casting of metal 
therein. The aforesaid structural union of the 
mandrel and body portions of the mold is ac 
complished in the types of apparatus shown in 
Figs. 1 and 3, by male and female threaded seg 
ments 20, 2 and 34, 35, respectively; in the modi 
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fication shown in Fig. 4, it is accomplished by 
making same from a single unitary piece of 
graphite. To insure proper longitudinal align 
ment of the mandrel in the forms of mold shown 
in Figs. 1 and 3, provision is made for seating 
the mandrel on the mold body as at 38 and 39, 
respectively. 
A further feature of importance in continuous 

ly casting hollow shapes of most metals and al 
loys, is the kind and position of tapers provided 
for both mandrel and body portions of the mold. 
In this connection, attention is drawn to the fact 
that the zone of solidification in the mold cavity 
varies vertically according to whether the cast 
ing operation is just being inaugurated or is es 
tablished. This difference is indicated, for illus 
trative purposes, in the several figures of the 
drawings; the zone of initial solidification being 
indicated by reference character 4 in Fig. 3 with 
the zone of normal solidification being indicated 
at 40 and 40b in Figs. 1 and 4. 

For the inner wall of the mold body portion 
there is provided, from the Zone of normal solidi 
fication through the Zone of initial Solidification, 
an upwardly-extending inverse taper sufficient to 
permit inauguration of the continuous casting 
process; and at the Zone of normal solidification, 
the mandrel is provided with a downwardly-ex 
tending converging taper sufficient to permit pro 
gressive, non-seizing contraction of the cast 
shape in its downward movement. By observ 
ing the taper standards just mentioned and giv 
ing proper consideration to Such factors as the 

- characteristics of the metal being cast, the di 
mensions of the hollow cast shape, etc., the skilled 
operator can arrive at the optimum degree of 
taper for both mandrel and mold body for the 
particular casting operation. Excellent results 
have been obtained in machining the correct mold 
body and mandrel tapers in molds made of very 
dense graphite such as is described by Poland 
and Lindner in their U. S. Patent No. 2,136,394. 
As illustrative of a properly tapered mold body 

and mandrel in accordance with the invention, 
is a mold of the following dimensions which has 
been successfully employed for the production of 
silver continuous cast tube having an outside 
diameter of one and one-half inches and an in 
side diameter of five-eighths of an inch. The 
mold is of the general type illustrated in Fig. 1 
with an over-all length of 6 inches, the mandrel 
portion being three and one-eighth inches long 
exclusive of the cap portion containing the molten 
metal feed holes 30 which was five-eighths inch. 
The mandrel was provided with a taper of three 
eighths inch per foot, the diameter of said man 
drel being 0.605'' at its bottom. At the Zone of 
normal solidification, which had a depth of 0.75'., 
the diameter of the mold body was 1.548'' and 
the inner wall was straight. In the next two and 
nine-sixteenths inches above that Zone, the inner 
wall was provided with an upwardly-extending 
inverse taper to a diameter of 1.522 inches. To 
enhance the cooling of the cast metal a taper 
was also provided for the inner wall from the 
bottom of the normal Zone of solidification to 
the mold exit so that the diameter of the latter 
measured 1527. 
To continuously cast hollow metal shapes in 

the apparatus of the invention, the mold is closed 
with a starting plug of the configuration of the 
casting to be made, cooling fluid such as water 
is circulated through the jacket 22, molten metal 
to be cast is supplied through the holding vessel 
from whence it enters the mold cavity by the 
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holes 30, and the withdrawal rolls 2, 28 actuat 
ed-all as will be understood by the Operator 
skilled in the art. 
The following specific examples of actual op 

erating runs will serve to illustrate the utility 
of the invention in casting hollow metal shapes: 

Eacample I.--Tin bronze metal tubing (95% cop 
per, 5% tin) having an outside diameter of 2' 
and a wall thickness of 0.2' was continuously 
cast at the rate of one foot per minute in a graph 
ite mold assembly of the type illustrated in Fig. 1. 
Examination of the product revealed a uniform 
ly concentric bore with a very Smooth inner wall 
surface and a variation in wall thickness of less 
than 1%. 

Eacample II-In this instance silver tubing of 
one and one eighth inches outside diameter and 
a wall thickness of 0.625' was continuously cast 
at the rate of 14 inches per minute. The cast 
ing was of excellent quality with smooth surfaces 
and exhibited less than 1% variation in Wall 
thickness. 
Ecample III.-Employing an alloy of 10% tin, 

0.2% phosphorus, balance copper, phosphor 
bronze tubing having an inside diameter of 
0.734' and an outside diameter of 1.112' was 
continuously cast with a variation in wall thick 
ness of approximately 1%. The tubing was of 
excellent quality. 

It will be appreciated that the invention is 
applicable for the continuous casting of metals 
and alloys other than those above given by way 
of illustrating the use of the invention and for 
the production of Such hollow shapes, other than 
pipe and tube, as present uniform cross-sectional 
dimensions. While certain novel features of the 
invention have been disclosed and are pointed 
out in the appended claims, it will be understood 
that various changes may be made by those 
skilled in the art within the Scope and Spirit of 
the claimed invention. 
What is claimed is: 
1. Apparatus for continuously casting hollow 

metal shapes comprising a vessel affording a sup 
ply of molten metal, a vertically-disposed graph 
ite mold comprising body and mandrel por 
tions structurally joined and united one to the 
other in fixed relationship precluding both hori 
Zontal and vertical relative movement therebe 
tween and thus defining a mold cavity of con 
Stant dimensions throughout the continuous 
casting of metal therein, the inner wall of said 
body portion having an upwardly-extending in 
verse taper from the zone of normal solidification 
through the zone of initial Solidification permit 
ting inauguration of the continuous casting proc 
ess and said mandrel portion having a down 
wardly-extending converging taper at the Zone 
of normal solidification permitting progressive, 
non-seizing contraction of the cast shape in its 
downward movement, means mounting said mold 
in the floor of said vessel with the top of the 
mold extending therethrough so that the upper 
region of said mold cavity communicates directly 
with the interior of said vessel to receive molten 
metal therefrom by gravity in response to with 
drawal of the cast shape from the mold thereby 
precluding any free surface of molten metal in 
the mold cavity during casting, cooling means 
for solidifying metal in its passage through said 
cavity, and means controlling the withdrawal of 
the continuous cast shape from the mold. 

2. Apparatus for continuously casting hollow 
metal shapes comprising a vessel affording a sup 
ply of molten metal, a vertically-disposed graph 
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ite mold comprising body and mandrel portions 
structurally joined one to the other by cooperat 
ing male and female threaded segments in man 
ner precluding both horizontal and vertical rela 
tive movement therebetween and thus defining 
a mold cavity of constant dimensions through Out 
the continuous casting of metal therein, the inner 
wall of said body portion having an upwardly 
extending inverse taper from the zone of normal 
Solidification through the Zone of initial solidifi 
cation permitting inauguration of the continu 
ous casting process and Said mandrel portion 
having a downwardly-extending converging taper 
at the Zone of normal Solidification permitting 
progressive, non-Seizing contraction of the cast 
shape in its downward movement, means mount 
ing said mold in the floor of said vessel with the 
top of the mold extending therethrough so that 
the upper region of said mold cavity communi 
cates directly with the interior of said vessel 
to receive molten metal therefrom by gravity in 
response to withdrawal of the cast shape from the 
mold thereby precluding any free surface of 
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molten metal in the mold during casting, cooling 
means for Solidifying metal in its passage through 
Said cavity, and means controlling the withdrawal 
of the continuous cast shape from the mold. 

ALBER. J. PHLPS. 
JOHN S. SMART, Jr. 
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