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1

This invention is a machine and method for
continuously casting meta] rod, including within
this term tubular and other sectional shapes, the
general object being the manufacture of rod of
continuously homogeneous texture and uniform
strength at cost lower than currently possible by
other methods. It is herein described ag em-
ployed for casting zinc-base alloys but the prin-
ciples involved are applicable to all metals or sub-
stances of which the conditions at the casting
temperature are not harmful to the casting
mechanism, as will presently appear,

In the accompanying drawings,

Fig. 1is a broken-out somewhat condensed per-
spective view of one head of a multiple rod-cast-
ing machine incorporating the invention in a
form at present preferred;

Pig. 2 is an enlarged axial section with parts in
elevation of the casting die and related mecha.
nism; _

Fig. 3 is a section of Fig. 2 on lines III—TIT
partly broken out;

Fig. 4 is a section on line IV—IV;

Fig. 5 is an axial section of the die tube and
related parts sidewise of Fig. 2; and

Fig. 6 is a modified form.

The metal stock to be formed into rod is held
as a molten bath in a receptacle or kettle | heated
by flues and burners indicated at 2 and equipped
with a heat-regulating system adapted to hold
the bath at a constant temperature. The regula-
tion system can be organized according fo known
principles and is represented in Fig. 1 simply by
the thermostat 3, dipping into the bath, This will
be understood to be appropriately connected in
governing relation to the fuel system, and to be
of such type as to hold the temperature steady
with little variation, preferably not more than 5

degrees plus or minus, a constant temperature

being important. The bath is desirably main-
tained at not more than a few degrees, say 10°,
above the melting point of the metal, the amount
above the melting point being referred to as the
superheat.

Fresh metal is added to the bath as it is used
up,.and at a rate equal to its consumption, so
that the bath level is also held substantially con-
stant, as suggested by the dash line in Fig, 2.
Metal feeders suitable for holding constant levels

are known and such a feeder will be understood’

to be represented by the part marked 4 in Fig, 1,
‘and to be automatic in its action.

The parts specifically concerned with the con-
version of the molten metal into rod are enclosed
in.a pot or well 5 so supported that it dips more
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or less into the metal in the kettle to receive the
molten material from a point removed from the
side walls as well as from the bottom of the kettle,
where the temperature is least subject to fluctua-
tion, For this purpose the pot is supported by
its guide ears 6 on two vertical frame bars T which
are rigidly secured to and depend from an upper
deck 8 fixed in position over the kettle at a suit-
able distance above it. One of these bars can be
formed with rack teeth, as indicated, for engage-
ment with a pinion 9 (Fig, 2) housed in one of
the ears, s0 that by the use of a crank 9* applied
to the pinion the pot and all its parts can be
raised or lowered. The bars are of sufficient
height to permit the pot to be raised entirely
clear of the kettle when that is desired. For nor-
mal use, the pot is lowered until its foot 52 touches
or rests on the kettle bottom but it can be held at
any depth of immersion according to conditions,
and by any equivalent mechanica] structure.
The deck 8 supports the mechanism for remov-
Ing or delivering the rod as produced by the cast-
ing agency in the pot. This mechanism comprises
& pair of grooved gripping rolls 10 embracing the
rod and geared to each other by mating spur

-gears I, one of which is supplemented with

ratchet teeth and driven by a pawl {2. The
pawl is carried on a swinging arm 13 rocked back
and forth by a link 14 connecting with the crank
pin 15 of a power wheel 18, the latter being driven
by a variable speed motor {7, This method of
drive gives an intermittent rotation to the grip-
ping rolls in the direction to lift the rod, and the
extent of the lift is controlled by the throw of
the crank pin i5 which is adjustable in its slot
in the power wlieel |6 for that purpose. By virtue
of the manner in which the casting is done, as
Dresently explained, the gripping rolls are re-
quired to exert only a moderate pressure on the
rod, not enough to deform it, and such pressure
can be established and adjusted by the set-up
screw 18,

The rolls feed the rod upwardly into a trough
or holder 18 which is hinged to swing on a hori-
zontal axis 20 on the superstructure of the deck
8. When a sufficient length has been thus de-
livered, it is cut off just below the holder I8, by
a saw not shown, and the holder is then cranked
over on its hinge 20 until its top end (not included
in the drawings) comes into approximate regis-
try with the receiver 21 and the rod slides by grav-
ity into the latter. A retaining clutch 22 is fixed
on the holder !9 to support the rod against re-
verse movement after it has been cut off. )

The casting operation takes place, as stated,




2,405,355

3
within the enclosure of the pot. Specifically the
act occurs in 2 die 2% which, as shown in Figs.
2 and 5, is a tube with a conical head by which
it is clamped in a conical hole in the pot bot-
tom by means of a clamp ring 24, Tt is made of
very hard material, of a kind not attacked or
dissoived by the metal of the bath at the casting
temperature arnd is smooth and polished on its
inner surface, which surface can also be hardened
by nitriding or the like. A satisfactory material,
for use with zinc-aluminum alloys, is one of the

so-called hard steel alloys of the air-hardening.

class which is capable of resisting thermal shock
and retains its hardness at réd heat or high tem-
peratures. The dimensions of the tube are de-
termined to a considerable extent by the size of
the rod and the rate of production, higher rates
requiring longer tubes. For one-half inch round
rod, and smailer, it is practicable for the titbe to
be about 6 inches long with a wall thickness of
sbout 060 inch. It can be lined with graphite or
ceramic whefi that is necessary to resist attack
by the particular molten metal

Being located in the submerged bottom part of
the pot, molten metal flows into the tube and
longitudinally or upwardly therein by virtue of
it$-hydrostatic head, which, under the circum-
stanoces,” is-constant, and at a rate equal to the
rate ab which the rod is withdrawn from the up-
per “end of the tube by the gripping rolls and
which must of course conform to or balance with
the rate at which heat is removed from the die,
SG that metal passes through the die as fast as
and no faster than it solidifies or freezes therein.
Fob casting zinc-base alloy (such as Zn 96%,
Al 4%, with some Mg), a lft of about 2.3 inch,
at the rate of about 67-lifts or strokes per min-
ute, has yielded excellent results for long runs
(% ifich round rod), but both liff and interval
are ‘Subject to variation ‘according to conditicns,
so long as the progress through the die conforms
tothe raté at-which the hest is removed.

‘Escapé-of heat from the die oceurs partly in
the lateral sense, that is, through the die tube
wali to the surrounding medium within the pot;
which iricludes a water jacket on the tube as pres-
ently described, and partly in the lengitudinal
sensé ‘through the conducting path provided by
the rod itself which-extends to a cooled or-cocler
region above.  The quantity of heat to be thus
removed is the latent heat of the metal plus iis
supérheat, being therefore different for differ-
ent metals and different sizes of rod. By virtue
of the location of the cooling agencies within the
pot theiy; operation is out of ‘the influence of at-
ripspheric conditions; the space inside the pot
being otherwise automatically maintained  ab
constant temperature by reason of its immersion
in the constant temperature bath. Thus regu-
1ation of the cooling effect is exceptionally pos-
itive and the balance referred to having been
once established is easily maintained for long
periods. : c o -

“The water jacket is constructed in the present
casé as a two-part unit comprising the parts 5
and 21, although it coyld be made in one part.
The “cylindrical sleeve ‘25 ‘is fitted to rotate ow
the die tube and is provided with a vertical, nar-

rot water slot-25 (Figs. 2, 4 and 5) cut through

its ‘wall for nearly its full length, about 3% inches

for & 6-inch tube.” This sleeve is enveloped by an

outer sleeve 21 tightly fitted over it, covering the
slot and clamped in place between a shoulder at
the lower end of the die and a-nut 28 at its up-
per end, thus forming an assembly, the parts of
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which rotate as a unit. Water is passed through
the jacket slot in direct contact with the wall of
the die tube. It is supplied from a slip-coupling
presently described, by a pipe 28 to the botiom
of the slot and passes out at the top by pipe 39
leading to an upper jacket and thence by pipe
302 back to the coupling. These water fittings
revolve with the water jacket. The water is sup-
plied under pressure sufficient to avoid or at least
minimize vaporization in the slot from its con-
tact with the hot tube wall, 10 to 20 pounds per
square inch being generally sufficient for zine
alloy work.

Water leakage from the jacket is prevented by
a lower packing 8! between the foot of the jacket
and the die head, and by another packing 32 at
the lpper end of the jacket. The jacket sleeve
fits the die tube with a clearance when cold of
rot less than about .086’’, which is sufficient to
avoid seizing as well as any undue escape of the
water. In this connection it is noted that de-
posit of salts out of the water tends to make the
junction self-sealing, even under the Dressure
conditicn. The cooling is thus accomplished by
fotced circulation under non-vaporizing condi-
tions. ' -

This water-jacket, which may be cailed a par-
tial water jacket, since the water does not em-
brace the whole of the tube, is made progressively
effective around the tube by being rotated
thereon. The rotation is imparted to it by means
of its ears 33 at its upper end connected by means
of two bolts 34 with a flanged fitting 35 tightly
screwed or welded into the lower end of a ro-
tary driving tube 2§, the upper end of which is
journaled in the cross-head or cover 31 of the
pot snd provided with a gear 86. The central
part of-the flanged fitting 38 serves as the com-
pressor element of the packing 32, tightened by
drawing up the bolts 34. The other packing §i
is -sufficiently compressed by the weight of the
water jacket and driving tube and other rotating
parts for which parts this packing serves also
as a step bearing in the present case.

The gear 38 on the drive tube 38 Is driven by
g pinion 38 (Figs. 1 and 2) journaled on the cover
37. and itself driven by a universally jointed shaft
40 froim @ bevel wheel 41 (Fig. 1) fast on the
power shaft that carries the ¢rank gear 18 above
referred to.: This pinion shaft can be discon-
nected at one of its joints when the pot is raised
from the kettle or it can be constituted of a
flexible shaft or a telescopic shaft, in which case
disconnection will not be necessary. One revo-
lution ef the power shaft in the present case pro-
duces one revoliifion of the geéar 88, and through
the connections just deseribed, one revolution of
the water jacket on the die tube. It also swings
the pawl 12 through one complete excursion so
that during some part of the jacket revolution
the rod is lifting by the gripping rolls.

The §lip-coupling above referred to, by means
of which the rotary water jacket is connected
with the external stationary part of the water
system, can be variously designed. according to
known principles. In the present case, it com-
prisés a ring 42 (Figs. 2 and 3) held stationary
around the rotating drive tube and furnished
with water connections 43 and 44 to the outside
systemi, These may be rigid enough to hold the
ring ‘against rotation or they may be fiexible and
other means may be provided to prevent the ro-.
tation. - This ring is.confined between a mating
ring 85 revolving with the drive sleeve and the
washer 4§ of & rihg nut 41 screwed to the fop of.
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the tubular boss of ring 45 and therefore revolv-
ing with it. The washer is spring-pressed by
springs housed within the nuf, to keep the rings
pressed together. The rotating ring 45 is formed
with two concentric channels 48 and 49 in con-
stant connection respectively with the ports of
the inlet and outlet connections 43 and 44 in
the fixed ring, and the pipes 29 and 30 are re-
spectively connected to those channels. A rubber
gasket 50 sandwiched between the mating rings
prevents leakage, and a gasket of this material
in the presence of water also reduces friction.
Additionally to the channels the rotating ring is
scored or grooved, as indicated, to retain water
on its rubbing face, against the rubber. The wa-
ter ring 45 is supported by a flanged collar 5
shrunk on the driving tube to which it is keyed
by a rib and slot as indicated at §2.

. The top part of the pot is open as indicated, to
accommodate the water pipes 43 and 44, and
the water supply is by way of a valve 53 in the
inlet line which can be adjusted and is adapted
to provide close regulation of the water rate
through the jacket slot 26. Within the term
“water” as herein used, is included any other ap-
propriate liquid coolant, though normal tap
water is satisfactory.

The tube 36, besides constituting the drive for
the partial water jacket on the die tube, also
constitutes a heat exchanger for removing heat
from die fube, longitudinally through the freshly
formed rod, and for cocling the rod itself. It
contains a body of oil or other appropriate liquid
in contact with a considerable length of the rod
and surrounded by a jacket space 54 included in
the water system as.already indicated. The
cooled oil cools the rod and also protects it from
oxidation while it is hot. Also it lubricates the
die as presently explained.

- In the operation of the apparatus above de-
scribed the effect of the forced -circulation
through the narrow slot 26 of the water-jacket is
to produce a local chilling of the tube over the
limited area with which the water has contact.

The travel of this chilling zone around the tube ¢

produces two effects. Pirst, it exercises a pre-
liminary but transient chilling effect on the liq-
uid metal as it enters the lower part of the tube,
serving to freeze a layer of such metal lying next
to the inner tube surface in advance of the metal
nearer the tube axis, thus forming an initial shell
or skin around such still liquid metal. Second
and at the same time, and due to the unbal-
anced temperatures affecting opposite sides of
the die tube wall, such wall is slightly distorted
from its natural circular or other sectional shape.
This distortion progresses as a wave around the
wall of the tube, as the jacket rotates.. It may
be assumed to make a round tube section slight-
ly elliptical but in any event it gives the tube a
less internal diameter in one direction than in
others and this shortened diameter - progresses
around the tube consonantly with the rotation
of the chilling zone which causes it. The die
tube wall is thin enough to permit this distortion
without injury.

. -Freezing involves crystallization and is a pro-
gressive action, particularly in alloys, whereof
the solid solutions of the alloy components crys-
tallize first and the eutectics later. Thus with
the provisions for heat removal properly deter-
mined, the zone of transition, from liquid to
solid, can be considered in any case as having
some longitudinal extent, the metal therein being
generally plastic. It is softer in its lower part
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6
than in its upper part and at some point it is
fictile, by which is meant that while plastic it is
stiff enough to be self-sustaining in the shape
given to it.

The effect of the rotating distortion wave
therefore is to mold or model the metal, where
it is fictile, to a somewhat smaller diameter con-
forming to the least diameter of the distorted
tube, thus giving the shaped metal a cross-area
slightly less than that of the tube bore. Such
cross-area is retained in the rod, it being noted
here that the hydrostatic pressure, incidental to
pot immersion, is so selected as not to disturb
this condition once given, and the envelope of
first-frozen skin does not obstruct or affect it
but appears to assist in retaining it against such
pressure. The net effect is to produce the rod in
a slightly smaller section than the die, and. this
avoids the excessive pressure and friction that
otherwise would occur between the solid rod and
the interior surface of the exit part of the die
tube, above the transition zone. )

Friction occurring at this point, that is, be-
tween the transition zone and the die exit, has
been the trouble spot in prior rod-casting ma-
chines, causing rod breakage and irregular ac-
tion, but by creating a distortion wave in the wall
of the die in the manner described, or in other
ways that may be found feasible, this friction can
be largely eliminated, even in the case of an
adverse relation of thermal coefficients of the
rod and die metal. An immediate advantage is
that lubrication becomes possible and effective
because the fine crevice between rod and die per-
mits and, by the capillary effect, invites penetra-
tion of the oil downwardly into the die under the
pressure head of the oil receptacle 36. Such
effects obviously occur regardless of the cross-
sectional shape of the rod, and thus in all cases
the gripping rolls have easier work and the rod
surface is substantially free of machine marks
caused by them or by scoring by the die. Addi-
tionally to this advantage, the filling of the crev-
ice with the oil perfects the heat transfer path
from rod to tube, because any liquid film is a
much better conductor than a layer of air or gas.

For lubrication, any lubricant can be used but
the invention prefers one that has a high boiling
point and is completely volatile, such as parafiin,
since such a lubricant leaves no carbonized resi-
due on either the tube wall or the rod, to be later
cleaned off.

The width of the water slot in the rotating
water jacket is desirably narrow with relation to

5 the die, say not over one-half its inner diameter,

in order to make a pronounced unbalance of
temperature on its opposite sides thus to create
the distortion wave. For %’’ round rod a %’
slot is sufficient and for the same reason, the
water is forced through it at g low temperature
and high rate, consistently with the rate of metal
advance. Usual tap temperature will suffice. The
length of the slot is sufficient if it covers the
length of the transition Zzone, allowing for some
variation of the position of the latter, but any ex-
tension of the slot above the actual zone pro-
duces no excessive die friction since the rod is
already of less than bore cross-area, and the
vil is present in any event to reduce such friction
as develops. The chilling zone may pass once
or several times over g given point in the col-
umn of metal rising through the die, so long as
the total cooling effect is adequate to maintain
the balance.

‘It is pointed out that the preliminary skin-
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forming effect of a moving partial water jacket
differs from that of ordinary rod-casting die
tubes, completely water-surrounded, by the fact
that it occurs from a transient and non-continu-
ing ¢hilling action’ and the freézing caused there-
by: does not therefore progress immediately in-
ward; and the heat of the interior metal. inside
the skin is thus allowed. to escape, to a large
extent, upwardly to the cool oil bath through the
good conducting path formed by the metal that
has already frozen, so that freezing of the bulk
of the metal progresses downwardly or axially of
the column, avoiding the core formation incident
to excessive lateral cooliig and yieldihg a de-
sirable uniformity of crystal structure. - This
downward progress of the fieezing is effectively
promoted by making the: water slot 26 wider at

its top end, where its ¢hilling effect removeés heat.

from the solid rod rather than from liquid metal.
The partial jacket thus exerts a graduated cool~
ing ‘effect on the die which is greater at the
solid end of the transition Zone than at the liquid
end.

‘A different application of the casting princi-
ples above described is illustrated largely in- dia-
gram by Fig. 6. The die tube here shown may be
taken 4s the same as that sbove described but
the chilling agency in this case is a partial water-
jacket 56 which is small axially instead of pe-
ripherally. The water therein, confined against
leakage by top and bottom packing glands 57,
entirely surrounds and is in direct contact with
the tube, but is applied only to a narrow band
circling the tube, . This results in a horizontal or
transverse . chilling zone, which in this cdse is
reciprocated on the tube and thereby creates a
distortion wave in the form of a circular con-
striction of the tube moving up and down upon
it. "On each feciprocation this.constriction trav-
erses the whole transition Zone, shapihg or mod-
eling the mass. therein where it is fictile to the
cross-ares, of the constriction, which is-less than
that of the tube undistorted; so-that the eifect
is generally the same as above described, pro-
ducing g rod of slightly less cross-area than that
of the die which makes it” and therefore free of
excessive die friction.

Such a water-jacket can be reciprocated in any
suitable way, for example, by a yoke structure
represented by the rods 58 and cross-head 59 con-
nected by a'link 68 to a crank-operated lever 61,
understood to be adjustable as before, for stroke
variation. The clutch pawls 62, carried on or as-
sociated with the reciprocating yoke, grip the rod

on their upstroke so that both rod and water- !

jacket move upwardly together. On the down
stroke, the rod is retained by the fixed cluich
pawls 63 so that the moltén metal freshly arrived
in the die tube is momentarily stationary therein
as the water-jacket moves downwardly around
it. The stroke is greater than the width of the
water slot so that in such descent the cooling
produces the same preliminary sgkin by its. mo-
mentary or transient action, as before. Other-
wise the construction of this form is like that
already described, water being supplied uader
pressure to the partxal jacket threugh jointed,
telescopic or flexible pipe coniiections indicated
at 64 and the rate of supply being under the con-

trol.of -an appropriate. regulatox valve 53 as be- 7

fore.
In this form also, the fresh- .cast and still hot
rod is protected from oxidation; cooled -and also
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lubricated in the die by oil in the cup 65-attached

to ‘the top of the die tube, which can also-be

8

water-cooled as in: the other form. In this form
45 in the other the machine is set in action by the
use of a- starting rod as eustomary- in this art.

In both cases.it will be apparent that for rods
of different cross areas, or metals of different
melting points, appropriate mutual adjustment of
the several variable factors is required in order to
maintain a constant rate of production with the
necessary constant balance between input ‘and
outgo of heat. In a given machine, larger réds
will in general require a slower progress-through
the tube, or & tube of greater lensth, except of
course to the extent that cooling action may he
augmented to accommodate the greafer heat in-
put. The nature of such adjustments will:be ap-
parent to those understanding the principles in-
volved which have been above described gnd
which can obviously be applied singly or other-
wise and in machines widely varying-in function
and design, and it will be understood that in its
broader aspects this patent is intended to be with-
out limitation to any particular machine con-
struction or to-the manner-of removing the red
from the die whether intermittently or continu-
ously, or the means for causing such movement
or to the casting of any particular kind of meétal
and further that certain of tlie features-herein
disclosed may be used, beneficially independently
of the others all within the scope of” the claims
which follow.

I claim:

1. In the method of continuously castihg rod
by passing initially molten metal through a die
tube, the step of creating a distortion wave in.the
wall of the die tube effective at the fransition zone
to reduce die friction beyond such zone,

2. The method of continuously . casting rod
comprising passing initially molten metal through
a thin-walled die tube while subjecting the tube
to an intermittent chilling effect at a- frequency
adapted to facilitate the exit of the cast . rod
therefrom

3. The method of continuously casting rod. by
passing initially molten metal into a die tube and
withdrawing rod therefrom, which -includes-the
step of introducing lubricant into the exit of the
die tube counter to- the rod movement: there-
through.

4, The: method of. contmuously castmg rod
whiclh includes passing initially molten metal up~
wardly through a die tube and into a bath-of l1qa
uid communicating with the tube exit..

5; The method of. continuously - casting  rod
which  comprises passing . initially. molten- metal
through a die tube, modelling the fictile metal in
the transition zone so as to produce a crevice be-
tween the die'and rod beyond such zone and ap-
plying lubricant to the emergmg 16d:50 that it
enters said crevice,

6. The method of continuously castlng rod
which consists: in intermittently advancing ini-
tially molten metal through a-die tubé whilé cre-
ating a-distortion wave in the wall of the die tube
effective at the transition zone to reduce die fric-
tion at the die exit.

7. The method of  continuously casting -rod
which consists in advancing initially molterr metal
through & die tube while creating a-chilling-zone
in the wall of the tube at the'transition zone, and
moving - sald chﬂhng Zone w1th relation to said
tube.

'8, The method of contmuously casting rod com- -
prising -advaneing initially-molten metal ‘step by
step thirouigh'a die tube and moving a-chilling
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zone over the tube at the trans1t10n zone in the
intervals between steps.

~ 9, The method of continuously castmg rod com-
prising advancing initially molten metal through
a die tube while continuously rotating a chilling
zone around the tube wall.

10. In the process of contiriuously casting rod
by introducing initially molten material into one
end of a die tube while removing rod from the
other end, the-improvement which consists in ap-
plying a chilling agency to said tube so as to cool
one side of it more than another side, thereby
distorting the cross-section of such tube, and ro-
tating such agency about the tube during the
progress of the material through said tube.

11. In the process of continuously casting rod
by introducing initially molten material into one
end of a die tube while removing rod from the
‘other end, the improvement which consists in ap-
plying a chilling agency to said tube so as to cool
one portion of its length more than another por-
tion of its length thereby shrinking the cross-
section of the tube relatively to such other por-
tion and reciprocating such chilling agency with
respect to the tube during the progress of the
material therethrough.

574
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20

12. In a continuous rod-casting machine the -

combination with the die tube and means for
_passing initially molten metal therethrough, of a
receptacle connected to the exit of said die tube
and holding a body of high-boiling, completely
volatile and non-carbonizing lubricant in  sur-
rounding contact with- the emerging rod and
adapting such Iubricant to enter a crevice be-
tween the wall of the die tube and the rod therein.

13. The method of continuously casting rod
comprising supplying molten metal to one end
of a die tube, to be withdrawn as rod from the
other end, while subjecting the tube to a recur-
ring chilling effect applied while the metal is
advancing through the tube and prior to the
freezing of its interior metal.

14, The method of continuously casting rod
which comprises passing initially molten metal

through a die tube and subjecting the tube to

a periodically recurring chilling effect applied at
the transition zone while the metal is fictile.

15. The method of continuously casting rod
which includes passing initially molten metal

through a die tube and directly into a bath of °

liquid communicating with the tube exit, while
subjecting the tube to a recurrent chilling effect
at the transition zone while the rod is passing
through it.

16. The method of continuously casting rod 2

which comprises passing initially molten metal
through a die tube while subjecting the tube to a
periodically recurring chilling effect, applied at
the transition zone, said chilling effect being more
pronounced at the solid end of said zone than
the liquid end and occurring at intervals adapted
to facilitate the movement of the rod.

17. The method of continuously casting rod
which consists in passing initially molten metal
through s die tube under a constant pressure at
the entrance of such tube gnd while subjecting
such tube to a periodically recurring chilling ef-
fect adapted to facilitate removal of the rod and
coincidently pulling the rod from the exit of said
tube.

18. A method of continuously casting rod by
supplying molten metal to one end of a die tube
and withdrawing rod from the other, which con-
sists in inftroducing the molten metal into the
tube under a non-varying hydrostatic head, and
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subjecting sucu wuetal to a surface chilling as it
enters the transition zone in said tube while peri-
odically flexing the tube wall at said transition
zone to reduce the diameter of the tube and hence
of the fictile metal therein and thereby facilitate
the withdrawal.

19. Continuous rod-casting apparatus includ-
ing a pot immersed in the bath of molten mate-
rial to be cast to provide an interior space free
of such material and having its casting die mount-
ed with its transition zone within the pot below
the bath level.

20. Continuous rod-casting apparatus having
its casting die mounted in upright position with
its lower end in and opening through the bottom
wall of a pot that is immersed in a bath of the
molten material to be cast, cooling means within
the pot and means for lifting the rod from the die.

21. Continuous rod-casting apparatus compris-
ing a casting die mounted upright and with its
lower end constantly open and located in a fixed
position communicating with a molten bath. at a
fixed distance below the level of such bath and
adapted to receive molten material solely by the
hydrostatic pressure of the bath, means for main-
taining the bath at a substantially constant tem-
perature and at a substantially constant level, and
means for lifing the rod through and from the
upper -end of the die..

22. Continuous rod-casting apparatus compris-
ing a thin walled tube constituting a casting die
receiving miolten material at one end and deliver-
ing cast rod at the other, combined with means
for creating a recurring distortion wave. in the
wall of the die effective to reduce the diameter
of the die at- the locatlon of the trans1t1on zone
therein.

23. Continuous rod-casting apparatus com-
prising a die tube receiving molten material at
one end under a pressure sufficient only.to keep
it filled with such material, means for removing
cast rod from its other end, and means for creat-
ing a distortion wave traversing the die tube wall
and coinciding with the location of the transition

s zone therein.

24. Continuous rod-casting apparatus compris-
ing a die tube, means for establishing g chilling
zone in the wall thereof of an extent less than
the tube surface, and means for causing such zone
to traverse the part of the tube enclosing the
transition zone.

25. Continuous red-casting apparatus compris-
ing a die tube, a partial water jacket for the
transition zone thereof and means for moving
such jacket over the part of the tube surround-
ing the transition zone.

26. In the combination of claim 25, the jacket-
moving means being adapted for rotating the
jacket around the die tube.

27. In the combination of claim 25, the jacket~
moving means being adapted for reciprocating
the jacket axially of the die tube.

28. Continuous rod-casting apparatus compris-
ing a die tube having its entrance at its lower
end and communicating with a bath of molten
metal under a pressure sufficient only to keep it
filled with such material, means acting on the

" tube to reduce the cross-area of the fictile mate-

rial therein relatively to the area of the tube bore
and means for upwardly removing the cast rod.

29. The combination of the preceding claim
wherein the removing means imparts a step by
step movement to the cast rod.

30. Continuous rod-casting apparatus compris-
ing a die tube, external means acting on the tube
for causing reduction of the cross-area of the
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solidified material moving' through it, relatively
to:the cross-area of the tube, and means for in-
troducing a lubricant into the crevice between the
rod:and the exit part of the die tube.

31. The combination of the preceding claim in
which the die tube delivers upwardly and the
lubricant-introducing means is o receptacle con-
nected with the exit of the die tube, delivering
thereto by the pressure of gravity.

32. Continuous rod-casting apparatus compris-
ing -a die-tube, having its entrance end.communi-
cating with a molten bath of the material to be
cast and its exit end communicating with a re-
ceptacle holding a liquid in contact with the hot
emerging rod and a heat exchanger applied to
said receptacle.

33. Continuous rod-casting apparatus compris-
ing a stationary die tube, a water jacket movable
thereon  to cool it, and means for moving said
jacket comprising a heat-exchanger for cooling
the ‘rod emerging from the die tube.

34. Continuous rod-casting-apparatus compris-
ing a pot immersed in a molten bath, a die tube
in the wall of said pot below the liquid level re-
ceiving molten material from the bath for de-
livery ‘as rod -within the pot, and a water jacket
for the tube within the protection- of the pot.

'35. Continuous rod-easting -apparatus-compris-
ing a die tube, means for intermittently advanc-
ing initially ‘molten :material through it, and
means acting on the tube in. the intervals be-
tween advances to reduce the cross-area of the
fictile material therein relatively to that of the
die exit. )

36." Continuous rod-casting apparatus compris-
ing a die tube, a slot-shaped water-jacket rotat-
able thereon, means for advancing initially
molten material through the tube and means for
rotating the jacket at least one revolution while
said’ material is traversing the water-cooled
lenigth of said tube.
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37. Continuous rod~casting apparatus compris-
ing a die tube, means for causing initially molten
material to move intermittently through it, a par-
tial water-jacket on- said tube, and means for

‘reciprocating the jacket on the tube in step with

the intermittent movements.

38. Continuous rod-casting apparatus eompris-
ing a die tube, a partial water-jacket -thereon
and means for moving said jacket on the tube
and said ‘material in the tube in the same direc-
tion in unison intermittently.

39. Continuous rod-casting apparatus compris-
ing g -die tube receiving molten material and de-
livering rod upwardly, a pair of gripping mem-
bers acting- to lift the rod, a water-jacket mov-
-ably mounted on the die, a single driving member
conjointly -operating said members and jacket,
and means for changing the lifting movement
imparted o said gripping members relatively to
the movement imparted to the jacket.

40. Continuous rod-casting apparatus includ-
ing a pot vertically movable into and out of the
bath of molten metal and having its casting die
mounted in the wall of the pot to receive metal
from below the bath level, the interior of the pot
constituting a space otherwise devoid of molten
metal.

41. Continuous rod-casfing apparatus compris-
ing a pot vertically .and adjustably movable to
a selected degree of immersion in a2 metal bath-
and containing within . it a die tube to receive
metal from the bath and means above the bath
for liffing rod from the tube in the pot. )

42, A die-tube for continuous rod casting hav-
ing a tube wall capable of thermal distortion and
a rotary water jacket acting on the full length
but not the full circumference of the transition
zone in said tube, said jacket having a greater
cooling action adjacent the solid end of the zone
therein than at the liquid end thereof.
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