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METAL POURING APPARATUS FOR
CENTRIFUGAL CASTINGS

John J. Nolan, Jn- New York, N. Y., assignor te
The Central Fonndry Company, New York,
N. ¥., a corporation of Maine

Application November 20, 1946, Serial No. 711,044
4 Claims. (CL 22—79)

This invention relates to apparatus for the
centrifugal casting of iron pipe and the like, and
more particularly to improvements in pouring
mechanisms for supplying moiten metal to ro-
tating molds.

In centrifugal casting of iron pipe, it is cus-
tomary to use a rotating cylindrical mold, gen-
erally horizontally oriented, and the molten metal
is fed into the mold from an end thereof. Dif-
ficuity has been encountered prior to the pres-
ent invention as a result of the frictional resist-
ance to the flow of molten metal from one end
of the mold to the other, with a consequent tend-
ency for the molten metal to be unevenly dis-
tributed.

An object of the present invention is to provide
apparatus for supplying molten metal to the mold
in such & way that it will be evenly distributed
along the length of the mold.

In accomplishing this objective, an important
feature of the invention is that molten metal is
poured in such g manner that twe conditions are
satisfled concurrently: One of these conditions
is that a constant volume of metal is delivered
to the mold per unit time. The other condition
is that the horizontal velocity of the molten metal
moving intoc the mold is relatively high at the
beginning of the pouring operation but diminishes
progressively as the pouring operation proceeds.

A further feature of the present invention is
that means for controlling the linear velocity
of the molten metal are arranged to cooperate
with means for controlling the volume of metal
poured per unit time in such a way that the ap-
paratus complies with the two above-mentioned
conditions irrespective of the length of time re-
quired for the entire pouring operation. Hence
the pouring operation can be accomplished as
quickly or as slowly as is desired.

Other objects, features and advantages will ap-
pear as the description proceeds.

In the drawings, which illustrate a preferred
embodiment of the invention:

Pig. 1 is a side elevationsl view showing the
pouring mechanism in an up position;

PFig. 2 is s side view partly in elevation and

partly in section showing the pouring mechanism -

in g down position, after completion of a pour-
ing operation, the pla,ne of the section being in-
dicated in Fig. 3, at 2—2; and

Fig. 3 1s a plan view of the apparatus, the cam-

likke members and their supporting standards be--

ing shown in section.
Referring to Figs. 1, 2 and 3, it may be seen
that there is provided o frame having g base 4
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and a pair of upwardly extending standards B.

There is provided a pair of angle irons 6 secured’
to and extending slantingly upward from the
base. An angle iron 7 is mounted on and extends
transversely between the angle irons §. There is
provided a pair of horizontal members 8, sup-
ported at their right-hand end by the angle iron
7. Extending transversely between the standards
§ is a channel iron 8. Supporting the left-hand
ends of the members 8 are a pair of vertical mem-
bers £8, mounted on the channel iron 8. The
members 8 are provided with a pair of tracks 8a,
adapted to carry a trough or boot {{ provided
with wheels {2 which run on said tracks., Se-
cured to the boot {{ is a downwardly extending
plate 13, by which the boot may be moved along
the tracks, Supported by the frame, as by &
member {4 resting on the angle irons §, is a cyl-
inder (5, carrying a piston (not shown), pro-
vided with o piston rod {8 connected to the plate
i8. Means not shown are provided for supply-
ing fluid to the cylinder (5 in order to move the
boot 1§ to the right or left as desired.

The mold {7 is mounted for rotation about a
substantially horizontal axis. It may be provided
with a plurality of spaced circumferential fianges,
one of which is shown at {8, and may be sup-
ported and rotated by means of corresponding
flanged friction rollers, such as that shown at
20, carried by a pair of shafts one of which is
shown at 2i. There is provided suitable sup-
porting means carrying bearings 22 in which the
shafts 21 are rotatably mounted. Means not
shown are provided for rotating the shafts 2{ in
like directions in order to give the mold a rotary
motion., Other types of horizontal rotary molds
and means for rotating same may be used in
connection with the present invention.

As shown in Fig. 1, the boot {! may, at the be-
ginning of the pouring operation, be rolled to-
ward the right on the tracks 8a so that its lower
or outlet end actually enters the tapered input
end portion 18 of the mold. After the pouring
operation is completed, the boot may be rolied to
the left in order that the mold may be disengaged
and moved transversely away from the pouring

" apparatus and another mold brought into posi-
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tion for the next pouring operation,

There is provided a chute frame 23, pivotally
supported along an axis 2§ by the standards 5.
Supported by the chute frame is g chute 25, which
is tapered to a narrower width toward the right
and adapted to conduci molten metal into the
boot 1.

The spparatus is provided with o ladle 28 for
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holding molten metel, said ladle having as por-
tions thereof g ladle frame 27 and a pair of ex-
tensions or arms 28. The ladle frame 27 i piv-
otally attached to the chute frame 23 toward
the upper left-hand portion thereof at a hori-
zontal axis 28. In the embodiment shown, the
ladle proper may be generally wedge-shaped,
having a generally apical edge at the axis 29, and
having a rear wall 28a in the shape of a portion
of a cylinder approximately concentric about the

[
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axis 28. The pouring lip of the ladle is located

approximately at the axis 28, for pouring mol-
ten metal into the chute, which in turn delivers
it to the boot. In the embodiment shown, the
generally sector-shaped sidewalls of the ladle,

seen in elevation in Fig. 1, are approximately °

vertical. It may be seen that with a ladle so
shaped, if the ladle is tipPed or rotated in a
clockwise direction about the axis 29 at a con-

stant angular velocity, fluid will be poured from .

the-ladle at a constant volume per unit time,
since at any stage of the pouring operation equeal
angular increments of rotation will cause equal
volumes of fluld to be poured. In the present

embodiment, during the pouring operation the .

axis 29 is translated along an arcuate path in a
generally downward direction and the ladle 26 is
simultaneously rotated, by means to be described,
in a clockwise direction at uniform angular
velocity about this axis.
the pouring lip is consequently uniform.

-The term “flow” as used herein will be under-
stood to mean “quantity per unit time.” In the
present discussion it is wused  interchangeably
with the expression “volume per unit time.”

It is observed that in the present embodiment
the chute means serves to constrain a portion
of the ladle, namely that at the axis 29, to a
predetermined path, that is, one concentric about
the axis 24. Means are provided for constrain-
ing another portion of the ladle to another pre-
determined path so as to tip the ladle. The arms
28 of the ladle carry a shaft 30 on the ends of
which are rotatably mounted a pair of rollers 31.
Rising from the base 4 there is provided a series
of standards 32, reinforced by suitable means.
Mounted toward the upper ends of these stand-
ards are a pair of opposed horizontally extending
frame members 33. The frame members 33 are
respectively provided with corresponding cam-
like slots or grooves 34 of predetermined shape,
adapted to receive and guide the rollers §f, there-

by defining the path of motion of the shaft 30:
and the free ends of the arm portions 28 of the:

ladle 26. " As will be explained in more detail
subsequently, the cam-like slot is shaped, in the
present embodiment, so as to cause the ladle to
be tipped or rotated about the axis 29 at uniform
angular velocity.

Suitable means are provided for lifting and
lowering the chute 25 and its frame 23. In the
illustrative apparatus there'is provided a series
of cylinders 35, 36 and 37, pivotally supported
ab. their lower ends along an axis 38 by various
frame or foundation members. The cylinders
are provided with a series of corresponding pis-
ton rods 35a, 36a and 37a, each carrying a pis-
ton, not shown, within the respective cylinders.
'The upper ends of the respective piston rods are
pivotally attached to a shaft 39 comprising a part
of the chute frame.

The cylinders 35 and 36 are supplied with
water or oil so as to actuate the pistons therein,
and the cylinder 37 is supplied with air under
pressure- for this purpose.  The air 1ift cylinder

The flow of fiuid from -
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is effective in lifting the chute rapidly during
the recovery pert of the cycle, and the hydraulic
cylinders are convenient for accurately control-
ling the downward movement of the apparatus
during the pouring part of the cycle. As the
chute is lowered, the ladle is lowered, so that
metal is poured from progressively lower eleva-
tions down a chute which is relatively steeply
inclined eariy in the pouring operation but only
slightly inclined later. As a result, metal en-
tering the mold toward the end of the pouring
operation has less kinetic energy, and therefore
a lower horizontal velocity, than metal entering
the mold toward the beginning of the pouring
operation. It Is recalled that this is one of the
conditions desired. ' Since the horizontal velocity
of the metal supplied to the mold diminishes
progressively during the pouring operation, the
metal initially flows relatively rapidly toward the
fer end of the mold, while later in the pouring
operation it enters the mold more slowly, thereby
producing s generally even distribution of metal
along the mold.

Although various arrangements are possible, it
may be assumed in the present illustration that
during their downward -movement, the pistons
move at uniform speed within the cylinders. Tt
is apparent that the resulting speed of the axis
29 along its arcuate path is not quite uniforr.
The shape of the cam-like slot 34 can be so de-

signed that the ladle is tipped about the axis 29

at a uniform angular velocity. More particu-
larly, assuming that the apparatus is set for 2
certain speed of motion . of -the pistons within.
the cylinders, the position of the axis 29 at any.
instant can be determined. -If this position is
plotted at a series of instants separated by equal:
time intervals, then the required positions which
the rollers 3§ must assume at corresponding in-
stants in order to produce a series of equal in-
crements of angular rotation of the ladle shout
the axis 29 can be determined. The cam-like

slot 34 is designed to constrain the rollers 3{ to-

a path passing through these required positions.

By thus locating a sufficient number of points,

the proper shape of the slot may be completely
determined. Such a slot will cause the ladle to

tip at uniform angular velocity about the pour- -

ing lip during any given pouring operation.
With the ladle shaped as previously described
and as illustrated in the drawings, the constant-
speed tipping which results from the slot de-
signed as indicated, will produce a constant flow
of fluid from the ladle.

While the shape of the ladle previously de-
scribed is an advantageeus one, since with such
a shape it follows that a tipping of the ladle
about the pouring lip at constant angular veloc-
ity produces s constant flow of fluid from the
ladle, with a ladle of different shape, a tipping
motion of non-uniform angular velocity can be
found which will likewise produce a constant
flow of fluid from the ladle. The ladle may have
a very irregular shape, and if it is used in an
embodiment such as that shown in Fig. 1, for
example, then the proper shape for the cam-like
slot 32 may be found by some. system such as
the following., A series of positions of the axis
29 is determined, as previously described, at a
series of instants in the pouring cycle separated
by equal increments of time. The ladle is filled
with fluid, and positions of the rollers 3¢ cor-
responding to the first-mentioned series are
located such that as the ladle is moved froin

75-one pair of corresponding positions to the next;
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equal volumes of fluid are poured from the ladie,
" While 1t may be stated generally that the
present invention includes means for limiting
the possible path of motien of a first part of
the ladle, such as that at the axis 29, to a first
predetermined path, and means for limiting the
possible path of motion of a second part of the
iadle, such as that in the region of the shaft
20, to a second predetermined path, it is to be
emphasized that embodiments other than that
illustrated in the drawings and deseribed above
may satisfactorily be used for these ends. Thus
the motion of the axis 2§ might be limited by a
cam-like arrangement instead of a linkage, and
the motion of the axis 31 might be limited by a
linkage instead of & cam. Furthermore, the parts
of the ladle which are limited to predetermined
paths of motion need not necessarily be located
ot the positions of the rollers 31 and the axis 29.
It is, however, of considerable advanfage from
the standpoint of simplicity of design %o locate
one of the constrained parts of the ladle near the
pouring lip, which is the position of the axis 29.
The pouring lip may advantageously be given &
purely translational, generally downwardly mo-
tlon, and the remsinder of the ladle may be
caused to pivot about this lip.

It is to be emphasized that various actuating
means may be employed to move the ladle in
accordance with its constraints. Instead of us-
ing hydraulic and air cylinders to rotate the
chute and chute frame about the axis 24, this
rotation could Be accomplished by other means.
“’T“ﬂe chute frame may, in another embodiment,

3 'i‘“'vcﬂy mounted on a shaft positioned at the
and this shaft may carry o spur gear,
b;y" 5 worm or other type gear connected
power socurce. The chule frame meay
be caused fo rotate uniformiy or other-

11; J‘le axls 53.

axis ‘7@ 10 g predetermined path,
! the shape of said path, and re-
he relative and absclule speeds of
various poriions of the path, once
e precise path of motion for the axis 29 and
ts speed in varlous portions of the path have
determined, the cam-like siot 24 can Ge
aped in the manner previously described %o
oduce such 2 fipping action that a constant
jume of molten metal is poured from the ladie
7 unit time during all portions of 2 particular
uring opsration. If now for a second pour-
mg operation the motion of the axis 29 along
s path is made faster or slower, buf if its rel-
ative speed in various portions of the path re-
mains unchanged, the same shape for the cam-
like slot 34 will be satisfactory in producing a
fAow from the ladle which is constant through-
put the pouring operation, but of course the
magnitude of the flow in this second pouring
operation will be different from that in the pre-
viously mentioned case. By way of more specific
illustration, it may be pointed out that in the
embodiment illustrated in the drawings, so long
a8 the piston moves at constant velocity axialiy
along the cylinders during a pouring operation,
then regardless of what this velocity may be, the

cam-like slot 34 will serve to produce a constant

flow of molten metal from the ladle during that
operation.

Thus the illustrafive apparatus will operate
satisfactorily regardless of whether the entire
pouring operation is accomplished quickly or
slowly. More generslly stated, in the present
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invention means for controlliing the horizontal
velocity of the molten metal are combined with
and are arranged to cooperate with means for
controlling the volume of metal poured per unit
time in such a way that irrespective of the length
of time required for the entire pouring opera-
tion, the flow of metal from the ladle is con-
stant throughout the operation and the horizon-
tal velocity of the metal entering the mold di-
minishes progressively during the operation.

Referring again to the embodiment illustrated
in the attached drawings, it is noted that when
the pouring operation is accomplished quickly,
by causing the pistons to move at a rapid, uniform
speed along the cylinders during the pouring op-
eration, the flow from the ladle, while constant
throughout the pouring operation, is greater than
when the pisfons are moved at a slow uniform
speed. Becguse of the combination of and coop-
eration of the tipping means and the lowering
means, the horizontal velocity of the metal enter-
ing the mold will decrease more rapidly when the
apparatus is operated so as to deliver g large vol-
umne of metal per unit time than when it is oper-
ated so as to deliver less metal per unit time to
the mold. This effect is advantageous in produc-
ing a more even distribution of the metal within
the mold in varying operating circumstances.

It will be noted that in general one portion of
the ladle will be driven along a path according
to a predetermined displacement-versus-time
function and another portion of the ladle wiil be
constrained to such a path that the ladle is tipped
through an angle which is a predetermined func-
tion of said displacement.

In the illustrative apparatus, the path along
which the axis 28 is driven has a vertical compo-
nent, and the angle through which the ladle is
tipped as & resuib of the aciion of the cam-like
slot 24 may be said {o be a predetermined func-
titon of the vertical displacement of the ladle.

While it was initially assumed in the apparatus
fltustrated that the pistons in the cylinders move
at g constant speed during any pouring cpera-

5 tion, it is possikle to modify the apparatus so that

the pistons move at different speeds in different
portions of their stroke. For this purpose, pumps
or valves adapted to produce varying flow of fluid
to the cylinders in different portions of the cycle
may be used. Assuming shat the paths to which
wortions of the ladle are to be constrained have
been previously determined, it may be seen that
the law of mofion of the pistons should be so
chosen as fo pruduce a constant flow from the

o Jadle.

In addition to the previously described means
for moving the ladle in accordance with its con-
straints, it may be pointed out that instead of
driving the axis 24, other parts of the ladle, such
as the shaft 30, may be driven. Assuming that
the hydraulic cylinder system is eliminated from
the illustrative apparatus, there may be provided
actuating means including a system of linkages
connected to the shaft 38 and adapted to move it
and the rollers 3¢ along the path defined by the
slot 34,

The terms and expressions which I have em-
ployed are used in a descriptive and not a limit-
ing sense, and I have no intention of excluding
such equivalents of the invention described, or of
portions thereof, as fall within the purview of the
claims.

Iclaim:

1. A pouring mechanism for use in centrifugal

75 ¢casting of pipe, comprising & frame, an inclined
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chute having its lower end pivotally attached to
sald frame, means including a pressure-operated
lifting and lowering device having a cylinder and
a movable piston therein, to decrease the angle
of inclination of said chute continuously, a ladle
having a pouring lip at its forward edge, sald ladle
being pivotally attached along an axis at said lip
to an upper part of said chute, a follower member
connected to said ladle at a rear, lower part there-
of, and a cam mounted on said frame and engag-
ing said follower member, said cam having a sur-
face of varying curvature, extending generally
horizontally, shaped to move said rear, lower part
of said ladle generally backwardly along a path
to rotate said ladle about its said lip with an an-
gular motion proportional to motion of said pis-
ton with respect to said cylinder, said ladle being

shaped in the general form of a wedge having its

apex at its lip and having its rear surface in the
shape of a portion of a circular cylinder approxi-
mately concentric about said lip.

2. A pouring mechanism for use in centrifugal
casting of pipe, comprising a frame, an inclined
chute having its lower end pivotally attached to
said frame, means including a pressure-operated
lifting and lowering device having a cylinder and
a movable piston therein, to decrease the angle of
inclination of said chute continuously, a ladle
having a pouring lip at its forward edge, said ladle
being pivotally attached along an axis at said lip
to an upper part of said chute, a follower member
connected to said ladle at a rear, lower part there-
of, and a cam mounted on said frame and en-
gaging said follower member, said cam having a
surface of varying curvature, extending generally
horziontally, shaped to move said rear, lower part
of said ladle generally backwardly along a path
to rotate said ladle about its said lip with an an-
gular motion determined by the motion of said
piston with respect to said cylinder.

3. A pouring mechanism for use in centrifugal
casting of pipe in a horizontal rotary mold, com-
prising a frame, an inclined chute having its lower
end pivotally attached to said frame, means includ-
ing a lifting and lowering device having a mov-
able member, to decrease the angle of inclination
of said chute continuously, a ladle having g pour-
ing lip at its forward edge, said ladle being piv-

10
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otally attached along an axis at said lip to an
upper part of said chute, whereby said lip is low-
ered toward the horizontal axis of said mold, g
cam and a follower member engaging same, inter-
connecting a rear, lower part of said ladle and
sald frame, said cam having a surface of varying
curvature, extending generally horizontally,
shaped to move said rear, lower part of said ladle
generally backwardly along a path to rotate said
Jadle about its said lip with an angular motion de-
termined by the motion of said movable member.
4. Apparatus for pouring molten metal into g
horizontal rotary mold, comprising a frame, an
inclined chute having its lower end pivotally at-
tached to said frame, g ladle having 8 pouring lip
at its forward edge, said ‘ladle being pivotally
attached along an axis at said lip to an upper part
of said chute, a lifting and lowering device in-
cluding & member moving at constant speed, to
decrease the angle of inclination of said chute
continuously, and to lower the lip of said ladle to-
ward said mold, a follower member connected to
sald ladle at a rear, lower part thereof, a cam
mounted on said frame engaging said follower
member, said cam having a surface of varying
curvature, extending generally horizontally,
shaped to move said rear, lower part of said ladle
generally backwardly along a path to rotate said
ladle about its said lip with an angular motion de-
termined by the motion of said member to pour
molten metal from said ladle at a constant vol-
ume per unit time. ,
‘ JOHN J. NOLAN, Jz.
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