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This invention relates to apparatus for
casting annular objects by centrifugal force.
In the centrifugal casting of pipe accord-
ing to one of the methods practiced at the

present time, molten metal is poured within a -

substantially horizontal rotating mold and
the centrifugal force generated by rotation of
the mold serves to press the metal upen the
inner periphery of the mold to a substan-
tially uniform thickness. After the casting
has solidified it is removed from the mold.
In the type of centrifugal casting machine to
which this invention is particularly directed,
a so-called “end pouring trough” extends
within the mold and the mold and the trough
is displaced axially relatively to each other
sothat the metal which is discharged from the
trough builds up on the inside of the mold in

the form of a helix. This mode-of casting is

not new and therefore requires no detailed

- description.
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In the type of mold just described it is nec-
essary to provide cooling means for.the mold,
because of its great heat conductivity, to pre-
vent burning out and for bringing about the
solidification of the casting. The usual sys-

‘tems for cooling the mold have consisted of

either surrounding the mold with a water
jacket or by sprinkling a cooling medium
upon the exterior of the mold. These sys-

~tems have not proved wholly satisfactory,

however, for use in a casting apparatus in
which an end pouring trough is employed
which progressively pours 518 metal along
the length of the mold for the reason that
they commence to cool the mold along its en-
tire length at the same moment. But since
the mold receives its heat from the metal de-
posited within it and because of the fact that
the metal is being - continuously laid down
within the mold %rom one end toward the

" other, it follows that the temperature of dif-

ferent sections or zones of the mold is not

‘uniform at any one moment. In other words

the time differential existing in the continu-

. ous deposition of increments of hot metal

within the mold results in a temperature dif-

-ferential along the mold which renders un-

suitable any means for the instantaneous or
simultaneous cooling of the mold and pre-

cludes any satisfactory heat treatment of the
casting, ‘

The rate of cooling of a casting governs
among other things the graphitization, the
intercrystalline structure, and the internal
stresses set up in the finished casting. Asthe
metal cools there is a tendency for the carbon,
which in the molten phase of the metal exists
in the form of iron carbide, to migrate to the
free state. But inasmuch as solidification
serves to prevent this migration it is apparent
that by properly controlling the cooling
stages of the metal, and hence its solidifica-
tion, the desired degree of graphitization may
be realized. This is & desideratum, for the
presence of iron carbide, although providing
a tough coating, by the same token renders
a casting unmachinable. .

With respect to the effect of cooling upon
the intercrystalline structure of the pipe,
generally speaking two forms of crystals ex-
ist in the solid state of cast iron, those known
as alpha crystals appearing in the lower
temperature ranges and so-called gamma
crystals existing at the higher temperatures,
the tendency for the crystals to coalesce in-
creasing in the upper regions of the alpha
and gamma ranges decreasing with a drop
in temperature. Consequently the longer a
coating remains at a given temperaure the
more pronounced will be this coalition of
crystals and since the formation of large
crystals is usually to be avoided resulting as
they do in the formation of planes of cleav-
age, a rapid cooling of the metal through the
higher temperatures of the alpha and gamma
crystal ranges is desirable. _

Another result of non-uniform cooling of
the mold is the possibility of deleterious
stresses being set up in‘the pipe. As the
molten metal is cooled there is a cross-sec-
tional differential in cooling. This is largely
due to the fact that the outside layers of metal
poured into a mold contact with the mold
and exchange heat rapidly whereas the inner
layers of metal cannot send off the heat they
contain so rapidly.. As a consequence the
metal that cools more rapidly is subjected
to expansion stresses by adjoining lamina-
tions that are at a higher temperature while

70
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- the hotter layers are compressed by adjoining

layers that are cooler. These stresses are ob-
jectionable because they materially weaken
the casting and, like the larger crystals pre-
viously mentioned, afford lines of cleavage
throughout the finished casting.

The use to be made of a finished pipe should

determine the characteristics of the pipe. A
pipe adapted for use on a suspension bridge
where elasticity and strength are demanded,
for instances, would fail to meet the necessi-
ties of a coal or ash chute which calis for hard
and non-abrasive material.

It will therefore be apparent that control
of the temperature of the casting is of prime
importance to insure a‘product free from in-
ternal defects. The object therefor of this
invention is to provide a method and appa-
ratus whereby the cooling of a centrifugal
mold can be nicely regulated and various
parts of the mold cooled selectively. In ap-

plying the invention to axially movable molds:

in which the casting is helically deposited, the
mold is cooled progressively as the casting
proceeds. Co '

" In the revolution of the mold there is cre-

ated a blanket of gases immediately adjacent
its exterior which rotates with the mold.

‘When the sprinkled cooling medium reaches
this blanket of gases it is carried by it and
either finally thrown off by the centrifugal
force of the revolving blanket or reaches the
circumference of the mold at some point other
than that desired. My invention has as an
additional aim the provision of means to pre-
vent or to greatly retard the formation of
such blankets. ‘
Figure 1 is a side view in elevation of my

-invention;

Figure 2 is a top plan view of my inven-
tion ‘with a portion of the mold housing cut
away; '

Figure 3 is a view of the bell end of my
invention along the line 8 of Figure 2, look-
ing in the direction of the arrow; s

igure 4 is a view of the opposite end of
the machine taken along the line 4 of Figure
2, looking in the direction of the arrow;

Figure 5 is a view of the bell end taken
along the line 5—5 of Figure 2, looking in
the direction of the arrows; S

Figure 6 is a.view along the line 6—6 of
Figure 2, looking in the direction of the
ATTOWS; =

Figure 7 is a view taken along f}le line 7—7
of Figure 8, looking in the direction of the
arrow; : ' :

Figure 8 is a top plan view of a portion
of the cooling system and associated mecha-
nism; : .

Figure 9 is a view in perspective of the
valve regulating mechanism of my invention

Figure 10 is a view in detail of a cam show-
irlllg.fi:s method of mounting upon a rotatable
shaft; ;
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Figure 11 is a sectional view along the line
11—11 of Figure 10, looking in the direction
of the arrow; )

Figure 12 is a sectional view along the line
12—12 of Figure 8, looking in the direction
of the arrows.

T have shown in Figure 1 a mold casing 1
suitably mounted for longitudinal movement
upon a track 2, which is secured, by means
got shown, to a suitable support member or

oor. ‘

Referring to Figares 5 and 6, the casing 1
comprises a base portion 3 of substantially
channel section, but provided at its end with
a semi-circular member 4 that is adapted to
maintain in position an end plate. Upon the
base member 3 there are mounted plates b se-
cured to the base members by bolts 6 or other
suitable means. The plates 5 support, either
integrally or otherwise, stub axles 7. Mount-
ed upon the stub axles are wheels 8 provided
with interior and exterior annular flanges 9
which fit upon either side of the rails 2.
While I have shown a machine provided with
four wheels, it is, of course, understood that
variations may be made in this number.

At the top of the sides of the base member 3
are flanges 11. These flanges project out-
wardly from the sides, and, as will be more
clearly pointed out hereinafter one of the
flanges is provided with transverse channels
along its length. v

The floor porfion of the base member 3
slopes slightly to one side. Along the length
of 1ts lower side the floor is cut away as at
13 in Figure 5, and provides a longitudinal
opening through which any liquid within the
casing may be discharged. As shown in Fig-

70
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ure 6, there are spaced along the length of -

the casing support members 14 adapted to.

strengthen the casing at the place of the
opening 18. The member 14 is secured to a
side of the base member and to the floor by a
suitable means (not shown).
the opening 13 are downwardly projecting
flanges 15. These flanges provide an apron
and are adapted to prevent a splash ensuing
from the discharge of the liquid from the
casing..

In the center of the floor of the base and
projecting downwardly therefrom are flanges
16. Within the channel formed by these
flanges there fits a rack comprising a body
portion 17 and teeth 18. The rack is secured
to the floor member by suitable means that
are not shown, such as rivets, bolts or weld-
ing. Blocks 19 extend beneath the body por-
tion 17 of the rack and support an apron 21
for the gear teeth 18 and actuating gear.

“The blocks 19 are suitably secured to the
flanges 16 by suitable means not shown, and"
“may be removed when replacement of the rack

is desired. '

105

Surrounding -

110
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Referring to Figure 4 there is shown a gear

929, provided with teeth 23 adapted to engage

130
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the teeth 18 on the rack. The ~gear 922 is ro-
tatably mounted below the track 2 and is
provided with a suitable driving means not

shown herein. Thé machine is moved lon-

gitudinally by rotating the gear 22 which
meshes with the rack and forces the machine
along the track.

ers 24 for the machine which comprise

flanges 25 extending from the side of the base

. member 3 and an end bumping plate 26 as is

15

20

more clearly shown in Figure 1. The flanges
may be either integral with the base member
3 as shown in the drawings, or they may be
secured to the base member by bolts or other
appropriate means, - : . a
top for the casing 1 is provided compris-
ing a partially circular cover Elate 27 and
ﬂﬁ,n%;% which rest upon the flanges 11 of
the
through the flanges 28 and 11 and nuts 30
secure the cover plate and the base member
3 together. A platform is provided at.onc
end of the cover plate and is adapted to sup-
port a suitable motor. The platform com-
rises support plates 31 extending outwardly
grom the cover plate 27 and upwardly from
the flange 28, and upon these support mem-
bers 31 there rest plates 32 integral with the
cover 27, upon which the motor is mounted.
While I have shown the supports-31 and
plates 32 integral with the cover 27, it is, of
course, understood that these members
be securely mounted upon. the cover 27 by
other suitable means. ~ . :
Referring to Figure 1, platforms 33 and

. 84 are also appropriately mounted ‘on the

50

_cover plate 27 to support another motor and

a gear arrangement. -. v

eferring to Figures 4 and 6, I have shown
mounted on 'the base members 3 suitable
means for rotatively supporting a mold with-
in the casing. These means comprise blocks
35 which are secured to the side walls of the

" base member 3 by bolts and nuts 36 or other
. suitable means, Inte

gral with each plate 35
is a roller box 37, which
bearing for shafts 38 which support rollers
39. The blocks 35 project sufficiently from
the sides of the base 3 to permit the rollers 39
to rotate between the blocks without contact-

‘ llnﬁ with the side walls of the base member 3.

ave shown in the drawings four rollers,
but under certain circumstances, it may be
necessary to diminish or increase the number

. of rollers. - :

. ing upon the rollers 39. As shown in Figu

Tn Figure 6 there is shown a mold 41 rest-

re
4 the spigot end of the mold is provided with

. a detachable ring 42 secured in the end of the also

mold. " The ring prevents any of the molten

- metal that is poured within the 'mold
" from flowing therefro

_ ] and the shape of
the edges 43 of the ring determines the shape
of the end face of the.casting. - . .

se member 3. . Bolts 29 extending' no crevices into which the molten metal may

may

provides a suitable sh

A detachable annular shield 44 is suitably
mounted on the mold by means not shown,
and extends over a portion of the ring 42.

3

The shield 44 prevents any liquid that might

be discharged upon the mold from fallin
upon the ring 42, or that portion of the

hereinafter pointed out the mold will be

g 70

, - , - mold in contact with the ring. "As will be |
Referring to Figure 5,1 have shown bump-

sprayed by a cooling liquid, which will tend |

to decrease expansion of the mold that is
causéd by the heat interchange -with the
molten metal.
.does with the ring 42, will also cause the ring
to.expand. By shielding the ring 42 from
the spray of the coolin medium, its expan-
sion is not‘cpunteracteg, and it will, there-
fore, expand at as great a rate, if not greater,
than the mold. This will insure a tight fit be-
tween the mold and the ring, and will offer

The metal, contacting as it

75

80

85

flow and form fins on the finished casting.

Heretofore considerable difficulty has been
experienced by reason of the formation of
such fins, which have necessitated additional
treatment of the casting for their removal.
In Figure 3 the mold is shown provided
with an enlarged end portion or bell 45. The

shape of this portion, of course, determines -

the shape of the finished casting, and as here-
tofore stated, the so-called plain end mold
may be substituted for a mold of the bell
type under certain circumstances. Within
the bell, there is a recéss 46 adapted to re-

ceive a head core which is not shown. This

Lore serves the same general function as the
ring 42 at the plain end of the mold ; namely,
it ‘prevents an efflux of molten metal from
the, mold and aids in the formation of the
‘pipe. "The exterior of the bell 45 is provided
with threads 47, on which is enthreaded a
ring gear 48. ’

The cover plate 27 is provided with a slot
49 adjacent the bell end and at the top of
the-cover, through which extends an idle gear
51. Mounted upon the cover plate by means
of nuts and boft?; 52 is a gear casing 53 as
Qvl;m"in Figure 5. Plates 54 are secured
to, the
a%d‘ rovide bearings 55 for a shaft 56 on
whichsthe gear 51 is mounted.

Imposed upon the top of the gear casing
53 is another gear casing 57 in which there
is positioned a gear 58 which meshes with
the idle gear 51. A plate 59 is mounted on
the'casing 57 and is provided with a bearing
61 for an armature shaft 62 on which the
ar 58 is keyed. - It will be observed from
igure 5 that the rear plate 54 extends over
the housing 57 as well as the housin 53, and
serves as & bearing for the shaft 62.

™.

gear casing 53 by means of bolts 54/,

o5

100

105

110

115

120

128

While I have diagrammatically shown an

electric motor 63 of a convenfional type
under certain circumstances other types o
motor may be employ The motor 63 is

secured to the plate 82- of the platform here- 1
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tofore described by means of nuts and bolts
64. The motor and the gear train effect a
rotation of the mold 41. By inserting the
idler 51 in the train, a suitable reduction in
gearing and a rotation of the mold in the
same direction as the armature shaft may be
obtained. :

When the motor 63 is started the mold is
rotated and is supported by the rollers 39.
Rotation of the mold sets up in its vicinity a
revolving blanket of air or other gas. This
blanket would impede the sprinkling of the
mold in the absence of appropriate provi:

sions, for a liquid or gas that might be dis- -

charged in the direction of the mold would be
caught by the revolving blanket, and either
thrown off by the centrifugal force generated
or the cooling medium would strike the mold
at some point other than that at which it was
directed. To prevent this, I have provided
in my apparatus an air baffle designed to
break up any layer of gas that might be
formed by the revolution of the motor.
Mounted on the members 14 and the op-

posite side of the floor of the base member 3

are foot members 65. These members are
secured by appropriate means, such-as weld-
ing or bolts or rivets, and are provided with
support arms 66 which are bent out at their

ends as at 67. Positioned between the arms .

67 is a plate 68, which extends the length of
the mold and takes the shape of the mold.
As will be observed in Figure 3, the plate 68
has a configuration corresponding to the out-
side of the bell of the mold. A small space
89 is left between the mold and the plate 68
to allow for slight irregularities in the mold.

The supporting means for the plate 68 are

spaced along its length. v )
Referring to Figure 5, a bell end plate 711s
mounted over the body portion of the hous-
ing and is secured thereto by means of bolts
79. The end plate is provided with a cireu-
lar opening 73 of slightly larger diameter
than the bell of the moid. This plate is
adapted to prevent the adrnission of dirt or
other foreign substances into the casing where

they might impede the efficient operation of

the mechanism. ) )
The cover plate 27 is provided with a flange
75 at its bell end which is of substantially

. the same shape as the upper portion of the

-55

- 80

end plate 71, although projecting a short dis-
tance beyond the face of the end plate. In
this flange there is a bearing 76 which will
be later discussed.

Referring to Figures 1 and 4, the plain end
of the cover 27 is provided with a flange 77
supported by a block 78 mounted on the caver
plate. Theflange 771s provided with a bear-
g 79. R "

A plate 81 is mounted on the plain end of
the casing, and is provided with a circular
opening slightly larger than the plain end of
the mold. The plate 81 adjacent the open-

1,796,645

ing is bent inwardly, as at 82, so that the
plate surrounds the shield 44 on the plain end
of the mold. This plate 81 prevents any
water that may be discharged on the mold
from splashing or running out of the casing.

T have shown an apron 83 integral with
the casing 81, which is adapted to catch any
molten metal that may drip from the end of
a trough that pours the metal and which
also catches any metal that may be splashed
from the mold. - The apron 83 forms a chan-
nel 84 that slants to one side of the machine
where the metal may flow into a gutter or
other receptacles provided for the receipt of
such waste metal. The apron is supported
by means of uprights 85 that are mounted on

a platform 86 extending from the base mem-r

76

75

80

ber 3 beyond the mold casing. It will be

observed in Figure 4 that the gear rack also
extends beyond the end of the mold housing.

Referring to Figure 1, I have shown a
pipe 87 that extends along the side of the cas-
ing and that is closed at one end as at 88 in
Figure 5. The opposite end of the pipe 87 is
joined to

coupling 91. The bent section 89 extends

downwardly, and by means of the joint 92 is.

a bent section 89 by means of the

85

90

in fluid tight connection with a section of

pipe 93 as shown in Figure 1 cut away. The
section 93 telescopes within a section of pipe
(not shown) mounted stationary with re-
spect to the rails 2. A water tight gland, also
not shown, is provided to permit movement

95

of the section 93 within the stationary pipe -

and at the same time preventing any leakage
by reason of this movement. As the machine
moves along the rail 2, therefore, water may

be supplied to the pipe 87 at all times. As,

shown in Figure 2, the pipe 87 is provided
along its length with outlets 94.
" Referring to Figures 7 and 9, there are

'suitably enthreaded upon the outlets 94, or

joined thereto by other appropriate means in
a water tight fit, valves 95. These valves
comprise a valve casing 96 having a top por-
tion 97 removable in case of repair or spe-
cial adjustment. A reciprocating stem: 98
projects in a water tight fit from the base of
the valve casing 96 and extends through a
slot 99 in a base member 101 of a stirrup.
The rod 98 is maintained in contact with the
member 101 by means of a spring not.shown
within the valve. The base of the stirrup is

I

105

110

115

supported by rods 102 that are pivotally se- -

cured.to an arm 103 of an angle bar. The
rods 102 are threaded at their lower end and

120

nuts 104 are screwed thereon. ‘The plate 101

which is provided with apertures adapted to
receive the arms 102 is placed on the bars
and nuts 105 are then enthreaded on the rod.
The nuts 104 and 105 fix the plate 102 in po-
sition. Regulation of the valve maybe ef-

fected by raising or lowering the base 101.

on the supports 102. A bolt or rivet 106 ex-
tends throngh the upper end of the rods 102

L/

125
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~ and through the arm 103, prbviding a pﬁ'rot

joint for the members.
Mounted on the flange 98 of the casing

“cover by means of nuts and bolts 107 is a

10

late.

15

plate 108. The top end of this plate is bifur-
cated as at 109. At the angle of the arm
103 and another arm 111, the angle bar is
pivoted’ within the recess of the plate 108.
The angle member is held ‘in position by
means of the bolt 112 and washer 113. The
bolt 112 extends through the member 108 and
through the angle member providing a pivot
about which the arms 103 and 111 can oscil-

Secured to the arm 111 by means of nuts

-and bolts 114 is an angle bar 115. The bar

20

115 is provided with a projecting portion 116
that is adapted to contact with a cam sur-'

face. By means of the bolts and nuts 114,
the member 115 may be removed and shims

. placed between the arm 111 and the member

115. The presence of these shims; will vary

- the angle of the bar 111, which in\turh will

25

30

35

10

vary the regulation of the valve. The mem-
ber 116 contacts with a rotary cam 117 mount-

-ed on a shaft 118 and is held in contact there-

with by means of a spring 128 extending be-
tween ears 127 and 129 on member 111 and

.the cover 27 respectively. As the angle arm
“oscillates about its point of pivot, the arm

103 will be raised or lowered. The movement
of the arm 103 will be reflected in the position
of the rods 102 which in turn, will regulate
the valve. As the member 115 is moved to-
ward the cover 27 of the casing, the stirrup
will be raised and the valve opened. As the
member 115 is.forced away from the casing
the arm 103 will be lowered and the stirrup
will descend and close the valve.

the split type and is provided with annular
shoulders 119. These shoulders are grooved
as at 121 in Figure 11, and, held in position
by the grooves 121, are wire bands 192 which

" are twisted as at 123. These bands when

tightened and twisted maintain the two sec-

" tions of the cam in position.. The cams are

&0

mounted on the shaft 118 within annular
channels which provide shoulders 124, pre-
venting any longitudinal movement of the
cam on the shaft. Embedded within the
charinel of the shaft is a projecting stud.125
which is adapted to fit in an aperture 126 in
one section of the cam. The aperture 126 is
of the same size as the projecting portion of

. the stud 125, and prevents any rotation of

the cam section with respect to the shaft 118,

A cam may readily be assembled on the shaft

- "therefore by placing the section with the ap-

€0

1)

erture 126 within a chanel of the shaft and
fitting the aperture 126 over the stud 125.
The other section of ‘the cam may then be
placed in position and the wires 122 fitted in
the grooves 121 and twisted. This arrange-
ment permits of quick-and ready replacement

" respect to the shaft.

As shown in Figure 10, the cam 117 is of,

5

of cams and at the same time insures that
there will be no movement of the cam with

Referring to Figure 2, it' will be observed
that the valves and associated mechanism just
described are positioned along the length of
the mold casing. The shaft 118 also extends
the length of the casing and is supported by
bearings 131, preferably of the split type,
mounted on the cover plate 27 by means of

bolts 182 and nuts 133. These bearings are

placed at proper lengths along the shafts to
insure adequate support. The ends of the
shaft 118 are mounted in the end bearings
76 and 79, heretofore described.

In Figure 2, I have shown a gear box 134
of a conventional type suitably secured to the
casing cover 27 by means of the member 135
shown in Figure 1. This gear box 134 houses
gears adapted to transmit motion from a
shaft 136 to the shaft 118. The shaft 136 is
als6: supported by a bearing 137. On the

end of the shaft 136, there is keyed a bevel

gear 138 which meshes with another bevel
gear 139 mounted on a shaft 141. The shaft
141 extends within a gear reducing mecha-
nism 142 suitably mounted on the platform
34. The driving member of the gear reducer
142 comprises a shaft 143 which meshes with-
in the member 142 with the shaft 141. The
shaft 143 is joined to an armature shaft 144
of a motor 145 by means of a sleeve 146.. The
motor 145 is mounted upon the platform 33
and furnishes the power for rotation of the
shaft 118. The speed is considerably reduced
by means of the gear reducing mechanism 142
in order to secure the proper rate of rota-
tion for the shaft 118. An automatic circuit

breaker 147 is mounted on the shaft and is

connected by means of a wire 148 to the motor
145. The circuit breaker 147 is of a conven-
tional type and is subject to adjustment so
that it may be set to stop the motor 145 at
any particular time during the rotation of the
shaft 118. When the motor 145 is started the
shaft 118 is caused to rotate which in turn,
by means of the cam and associated mecha-
nism, regulates the valves 95.

Enthreaded in the discharge ends of the
valves 95 are pipe sections 149 which are con-
nected to water tight boxes 150. The sections
149 extend through the channels, heretofore
referred to, in the flanges 11 and 28 as indi-
cated by the dotted lines 151, and are sup-
ported %y the flanges. The boxes 150 rest
against the inside of the mold casing as shown
in Figure 7. . X

Referring to Figure. 8 the boxes 150 are
provided with five apertures 152 in which are
fitted sections of pipe 153, 154, 155, 156, and
157. These pipes are suitably secured in
water-tight connection with the box 150 by
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means of gaskets 158 and 159. As will be .

seen.in Figures 7 and 9, the length of the pipes
153 to 15? vary, being graduated along the

-130
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- arc ds described by the cover plate . As

10

will be seen in Figure 7, each pipe is pro-

-vided with an elbow 161 which connects to

a section of pipe 162, which also is provided
with an elbow. 163. Enthreaded in the elbows
163 are pipes 164a, 1645, 164c, 164d, 164e,
which extend lengthwise of the mold and
which are fed by the pipes 158, 154, 155, 156
and 157 respectively. ‘The pipes 164a to 164e
are closed at the end opposite the elbow 163
as shown at 165 in Figure 12, and are pro-

_ vided with apertures 166 spaced along their

15

20

- Referring to Figure

length which are adapted to disperse a fluid
on the mold. . ,
7, it will be observed
and 157 describe in gen-
eral a semi-circle, and take, in rough, the
shape of the mold. It will be observed also
from this figure that the apertures 166 arera-
dial with respect to the same point, which

that-the pipes 153

. is the center of the mold. In this way, there

26
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is dispersed radially upon the circumference
of the mold a stream of fluid as shown at 167"
in Figure 6. o

- A bracket 168 is shown in Figure 7 mount-

‘ed on the wall of the base member, 3 opposite

the wall on which the boxes 150 are mounted.
This member is secured to the wall by means
of a bolt and nut 169 and the free arm of the
bracket is apertured and receives the pipe
157, affording it support. Nuts 171 are en-
threaded on the pipe 157 and securely hold
the pipe on the bracket. The pipe itself may
éxtend to the bracket, or the portion extend-
ing beyond a T joint 172, which in the case
of this pipe takes'the place of the elbow' 161,
may be a solid rod. ' If the pipe itself extends,
it will, of course, be necessary to closé its end,
but if it is merely a rod that projects from,
the T joint, the insertion of this rod within

age. . _
Referring more particularly to Figure 8,

“end of the casting is to be poured first the

’
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different boxes 150 do not. overlai; each other.
Tt will thus be observed that a set of pipes
from one box are.overlapped by the set of

pipes from the two adjoining boxes, and that

the cooling along the length of the mold pro-
gresses uniformly rather than by sudden ad-
ditional changes. - :
. This arrangement is of particular impor-
tance when considering the varying rates of
cooling over a period within each section.

In order to' obtain a progressive cooling
effect the cams 117 are positioned on the
shaft 118 with a lead about the shaft so that
the points of their surface at which they.
commence to operate are spaced about the
circumference of the shaft. In this way, the
various valves 95 are opened at different
times and are liksewise closed at different

70

80

times. For instance, assuming that the bell .

~

valve nearest the bell end of the mold is

85

opened first and the other -valves are suc-

cessively opened toward the spigot end of
the mold. Due to the configuration of the
cam surface there is*a constant diminution
in the operation of those valves already in
operation and on the-other hand there are
an increasing number of valves coming into
operation. ‘The effect of all of this is to pro-
vide a uniformly varying cooling along the
length of the. mold with no abrupt changes
in. the rate where all of the cams used have
the same contour. o

This cooling is of particular
for by altering the cam surface, the desired
rate of cooling, either for one section, or for
the casting as a whole, may be obtained. As
pointéd out in the first part of this specifica-

“tion, the rate of cooling determines the struc-

it will be observed that the pipes 164 to 164¢ -

. 45
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are of uniform length, but by reason of the
position of the various pipes 153 to 157 in

the box 151, they are not co-extensive. In-

this way, there is an overlapping. among
several pipes 164a to 164¢ along a portion of
their length, and an overlapping along the
remainder of their length with correspond-
ing pipes emanating from another différent

box 150. In order to insure a more complete:

comprehension of my invention, I have
primed the pipes 153 to 157 and 164« to 164e
that are connected to the other box'150 shown
in Figure 8. - It will be observed, for instance,
that when both of the valves 95 are open the

pipe 164g overlaps pipes 1645, 164c, 1644 and -

164¢ and in turn is overlapped for instance

by pipes 1645 to 164¢”’. The pipe 1645

overlaps for a portion of its length pipes

164a, 164c, 164e, 1640’ 164c’” to 164¢” By

reason of the positions of the apertures 166
in the pipes 164, the corresponding pipes or

‘ture of the finished casting.
the joint will be sufficient to prevent any leak- -

From the foregoing, the operation of my

is usually stationary. At the commencement
of operation, it extends within the mold from
the plain end to within a short distance of the
interior face of the head core,
tofore stated, is inserted in the bell end. To
accomplish this, the apparatus shown in Fig-

qire 1 is moved to the left until the end of the

pouring trough is at the desired position..
As above stated, this movement-of the ma- .

90

95

importance -
100

105

- invention is apparent. With the type of ma-
chine disclosed in this application the trough
‘which conveys the molten metal to the mold

110

which, as here- -

115

chine on the track 2 is accomplished by ro-

tation of the gear 22 which meshes with the
rack 18. The motor 63 is then started, which

120

through the gears 58, 51, and 48 rotates the

mold. o ‘
~ Molten metal is poured into the trough and
is discharged therefrom into the mold at its

bell end. At the moment the metal is poured .

in the mold the motor that operates the gear
992 is started and the mold commences to run
to the right on the track 2. The rate of this
movement varies under different’ circum-

136
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stances, and it may vary during cne casting
operation, for it i1s sometimes necessary to
have a different speed of axial movement at
the time metal is being poured in the bell
from the speed necessary when the metal is
being pouréd in the barrel of the mold.

At the moment that the metal is poured
into the mold the motor 145 is also started.
A common control may be used for the motor
145 and the motor that drives the gear 22.
Operation of the motor 145 causes a rotation
of the shaft 118, in synchronism with the lon-
gitudinal movement of the mold and conse-
quently of the cams positioned on the shaft.
The cam at the bell end of the shaft should
be in the position of the cam shown in Fig-
ure 7,—that is, in such a position that the
slightest rotation of the shaft will cause the
member 116 to fall to the lower level on the
cam surface and thus open the valve to the
maximum extent. The pipes from the box
150 that is nearest the bell end will then be
dispersing on the mold a heavy sheet of cool-
ing medium, ’ o

uring all of this time, the mold is, of
course, being rotated and is also moving along
the track, so that the stationary trough is dis-
charging the molten metal at different points

along the length of the mold. The shaft 118.

is also rotating which means that the cams

‘are revolving. Just prior-to the time when

the metal is discharged into that. portion of
the mold covered by the pipes emanating
from the next box 150, the cam for that box
is in the position of the cam shown in Fig-
ure 7. The first mentioned cam has been re-
volving ‘and is now closing the valve which
it controls. On slight further rotation of the
second cam, the member 111 is drawn to the
lowest part of the cam surface and its valve
_In this way, the metal is poured in the mold
along its length and there is a decreasing
discharge from those sections in operation
and a progressive increase in the number of
sections operating. The rotation of the shaft
118 must, of course, be synchronized with the
movement of the machine along the track so
that there is-a definite relationship bztween
the time the metal is poured within a section
of the mold and the time when that section
commences to be cooled. L
The cam illustrated in Figure 10 is désigned

to open its valve rapidly and then gradually
close it through a closing arc of 180° or dur-

- ing half of a revolution of the shaft, and from

68

then on is concentric, so that when'the shaft
118 has made one half revolution. the’ first

.cam cuts off the water flowing through its

valve and any further rotation of the shaft
does not affect’ the ‘operation of the valve.

When the shaft has made one complete revo-
lution and when the first cam is in the posi-
‘tion shown in Figure 7 all of the valves will -

have been closed. This type of .cam is very

7

useful in experimental work or where cool-

ing conditions are to be changed becausc by
raising or lowering the crosshead 101 on the
rods 102, Fig. 9, the valves may be made to
close at any point on the closing arc. 'The
valve itself would not be opened as wide
where only a short portion of this arc is
used, as it would where a longer portion was
being taken for closing, but the intensity of
the spray may be regulated by the pressure
on the water in the manifold 87.

With this arrangement, the shaft 118
makes a half revolution in the time that it

takes to pour metal the length of the mold—.

in other words, the duration of the pouring
operation is the interval between the opening
of the first valve and the opening of the last
valve, which are spaced 180° apart. When
the shaft has made one complete revolutior,

the circuit breaker 147 stops the motor 145 .

and all cooling of the mold and casting ceases.
THe casting may now be removed from the
mold by suitable means and the machine re-

-turned to position for another casting opera-

tion. : ; -

It is not essential that the casting arc be
180°. It may be less, but should not be more
if.the cams are all alike. The last cam, that
1s the one nearest the spigot end of the mold,
must rotate in closed position while the other

‘cams are opening their respective valves.

The length of this closed arc.is obviously

10
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80

95

equal to that of the casting arc so that 180°

is the limiting condition. If the casting arec
be more, then the first valve will be reopened
before the last valve has closed. '
By varying the cam surfaces, the rate of
cooling may be altered. For instance, it
may be desired to cool the molten metal rap-
idly down to the point of solidification and
then to slowly cool the casting down through
the critical ranges. As above pointed out,
such a method of cooling would facilitate
the graphitization of carbon and would tend
to obviate the internal stresses that are set

up by reason of a non-uniform cooling in

cross section of the pipe. Such a product
would require no annealing, or at least to
only.a limited extent, and would be admirably.

‘adapted for most types of use.. If, however,

it is desired to secure a pipe that will be re-
sistant to abrasion and where strength is not

100

103

110

118

a particularly important factor, & rapid cool-

ing-can be secured by altering the cam sur-
face.so that it will remain substantially con-
centric for the time that it takes the metal
to’cool through theé critical ranges, after
which the rate of cooling would be of little
importance. - Or again, the cams might be

~designed to turn the water on only when the

120 .

125

metal is being poired and then turn it off
so that a cooling zone follows the pouring

metal.: Such a cam is illustrated in Figure
10. In brief, the mold can be  selectively
cooled in the manner desired by designing
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the cams to open and close their respective
valves at the desired times.

- ed out, the manner in which the cams are
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 medium on said mold, said pipes extending

mounted upon the shaft 118 is such that re-
placement or change of cams may be readily
made. '

The advantages of my invention are ap-
parent. I have provided a casting appara-
tus that requires little manual labor for its
operation, that is precise, and the product
of which is certain of determination. It
will be observed that not only is the casting
cooled along its length, but that the cooling
can be varied for any particular longitudi-
nal section. As above pointed out, this is
of the utmost importance, for it insures that
every longitudinal portion of the finished
casting has been subjected to the same de-
gree of cooling as every other section, and
hence a casting of uniform structure is ob-

tained. As stated above, the cooling systems

heretofore employed have subjected the cast-
ing to different rates of cooling and have
resulted in finished products of non-uniform
texture.

I claim as my invention:

1. A centrifugal casting apparatus com-
prising a rotatable mold, a cooling system
for the mold, and stationary - deflecting
means to prevent the formation of a revolv-
ing blanket of gas created by the rotation of
the mold. o

2. A centrifugal casting apparatus com-
prising a rotatable mold and a stationary
baffle mounted adjacent the mold adapted to
prevent the formation of a revolving
blanket of gases.. : '

3. A cenfrifugal casting apparatus com-
prising a rotatable ‘mold, a plurality of
groups of perforated pipes arranged adjacent
said mold and adapted to disperse a cooling

_ longitudinally of the mold, means for inde-
. pendently supplying a cooling medium to

)

[
ot

60

5 each of said groups, the pipes in each group

being arranged in overlapping relation and
the pipes in one group overlapping the pipes
in an adjacent group. . '
4. A centrifugal casting apparatus com-
prising a rotatable, mold;, a plurality of
groups of perforated pipes arranged adja-
cent said mold and adapted to disperse a
cooling medium on said mold, said pipes ex-
tending longitudinally of the mold, means
for independently supplying a cooling me-
dium to each of said groups and means po-
sitioned in each of said supply means for
controlling the supply of cooling medium
to said groups of pipes, said means compris-
ing a plurality of cam-actuated valves and
a cam shaft carryinia plurality of cam sur-
faces for actuating the valves. e
5. A centrifugal casting apparatus compris-
ing & rotatable mold, a plurality of groups of
perforated pipes arranged adjacent said mold

As above point-’

“said valves. ’ E
10. A centrifugal castiug apparatus com--

1,796,645

and adapted to disperse a cooling medium
on said mold, said pipes extending longitudi-
nally of the mold, means for independently
supplying a cooling medium to each of said

~ groups and means positioned in each of said

supply means for controlling the supply of
cooling medium to said groups of pipes, said
means comprising a plurality of cam-actu-
ated valves and a cam shaft carrying a plu-
rality of cam surfaces for actuating the
valves, each of said cam surfaces being angu-
larly arranged with respect to other cam sur-
faces carried by the shaft for effecting oper-
ation of the several groups at different times.

6. A centrifugal casting apparatus com-

'ﬁrising arotary mold, a plurality of spraying

evices positioned adjacent the mold and
adapted to spray a cooling medium thereon, a
plurality of valves for controlling the flow of
cooling medium to said spraying devices, a
cam shaft associated with said casting ap-
paratus and cooperating with said valves for
actuating them.

7. Acentrifugal casting apparatus compris-
ing a rotary mold, a plurality of spraying
devices positioned adjacent the mold and
adapted to spray a cooling medium thereon,
a plurality of valves for controlling the flow
of cooling medium to said spraying devices,
a cam shaft associated with said casting ap-
paratus and cooperating with said valves for
actuating them, means for operating the cam

shaft and means associated with the cam

shaft for rendering the operating means in-
operative. N

8. A centrifugal casting apparatus com-
prising a rotary mold, a housing for-the
mold, a plurality of cooling-medium-dispers-
ing elements in said housing adapted to dis-
perse a cooling medium on said mold, said
elements being arranged in groups, each
group adapted to cool a longitudinal section

-of said mold, means for conducting a cool-

ing medium to said groups and valves in the
conducting means for controlling the flow of

“coolinig medium to said groups and a mem-

ber cooperatively associated with said valves
for actuating the valves to cool progressive
sections of the mold. .

9. A centrifugal casting apparatus com-
prising a rotary mold, a housing for the mold,
a plurality of cooling-medium-dispersing ele-
ments in said housing adapted to disperse a
cooling medium on said mold, said elements
being arranged in groups, each group adapt-
ed to cool a longitudinal section of the mold,
means for conducting a cooling medium to
said groups and valves:in the conducting

‘means for controlling the flow of cooling

medium to said groups, a shaft associated
with said casting apparatus, a plurality of

. cams mounted on said shaft and means con-

necting said cams with actuating elements of
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prising a rotary mold, a housing for the mold,
a plurality of cooling-medium-dispersing
elements in said housing adapted to disperse
a cooling medium on said mold, said elements
being arranged in groups, each group adapt-
ed to cool a longitudinal section of the mold,
means for conducting a cooling medium to
said groups and valves in the conducting
means for controlling the flow of cooling
medium to said groups, a shaft associated
with said casting apparatus, a plurality of
cams mounted on said shaft and means con-
necting said cams with actuating elements of
said valves, the cams on said shaft being an-
gularly arranged with respect to each other.

11. A centrifugal casting apparatus com-

. prising a rotary mold, a housing for the mold,
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a plurality of cooling-medium-dispersing
elements in said housing adapted to disperse
a cooling medium on said mold, said elements
being arranged in groups, each group adapt-
ed to cool a longitudinal section of the mold,
means for conducting a cooling medium to

_said groups and valves in the conducting

means for controlling the flow of cooling -
medium to said groups, a shaft associated -
with said casting apparatus, a plurality of
cams mounted on saig shaft and means con-

“necting said cams with actuating elements of

said valves, the cam surfaces' being so con-
structed and arranged to open said valves
through said actuating elements to different
extents so that the rate of flow of the cooling
fluid to one group is varied during its opet-
ation. ' '

12. A centrifugal casting apparatus com-
prising a rotatable mold and stationary baf-
flle mounted adjacent the mold adapted to

. prevent the formation of & revolving blanket

of gases, said baffle extending parallel to the
axis of the mold. .

13. Anapparatus for casting metal centrif-
ugally comprising the  combination of 2
mold, means for rotating the mold, means for
pouring a stream of molten metal into the ro-
tating mold, means for imparting relative
axial movement between the mold and the
pouring means to build up a casting helically
and means for cooling the mold, said cooling
means comprising a plurality of spraying de-
vices positioned adjacent and longitudinally

“of the mold and being so constructed and ar-

ranged as to discharge a cooling medium in
overlapping areas upon the circumference of
the mold, and means for independently oper-
ating said spraying devices. ' R
- In testimony whereof I affix my signature:
A - FRANK G. CARRINGTON.



