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Process and apparatus for electromagnetic forming of molten metais or alioys, coolant manifold for electromagnetic

casting.

6) A method and apparatus is disclosed for electromagnetic

casting of metal and alloy ingots of rectangular or other de-
sired shape having corners or portions of small radius of curva-
ture. A coolant application system is provided which lessens
the severity of the rounding off of radius of the corners of the
electromagnetically cast ingots by contouring the coolant ap-
plication rate and/or elevation so that the rate and/or elevation

is a minimum at the corners of the ingot.
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OLIN CORPORATION, East Alton, Illinois, U.S.A.

"Process and apparatus for electromagnetic forming of molten
metals or alloys, coolant manifold for electromagnetic casting.

- N .
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orovaed process and
apparatus for control of corner shapsz in continuous or semi-
continuous electromagnetic casting of desired zhages, such 3as
for example, sheet or rectangular ingcts of metals and alloys.
The basic eleciromagnetic casting process has been known and
used for many years for continuously or semi-contintucusly
casting metals and alloys.

One of the prcblems whizh has been presented by electro-
10 magnetic casting of sheat or rectangular ingets has been the

~

axistence of high radius of curvature corners thereson.
Rounding off o corners in slsctromagnetic cast sheet ingots

is a result of higher elactromagnetic pressure at a givan

same distance from the inducscr on the broad face of the ingsc
remote from the corner where only one inductor face acts.

There is a need to form small radius of curvature corners

20 on sheet ingots so that during rolling cross-secticnal changss
at the edges of the ingot are minimized. Larger radius of

curvature corners accentuate tensile stress at the ingot edges
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so that the rate and/or elevation is a minimum at the corners
of the ingot.
PRTOR ART STATEMENT

Known electromagnetic casting apparatus comprises a three
part mold consisting of a water coocled inductor, a non-
magnetlic screen and a manifold for applying cooling water to
the ingot being cast. Such an apparatus is exemplified ;n
U.S. Patent No. 3,467,166 to Getselev et al. Containment of
the molten metal is ‘achieved without direct contact between
the molten metal and any component of the mold. Sclidification
of the molten metal is achieved by direct épplication of water
from the cooling maﬁifold to the forming ingot shell.

In some prior art approaches the inductor 1is formed as
part of the cooling manifold so that the cooling manifold
supplies both coolant to solidify the casting and to cool the
inductor. See U.S. Patent 4,004,631 to Goodrich et al.

Non-magnetic screens of the prior art are typically
utilized to.properly shape the magnetic field for containing
the molten metal as exemplified in U.S. Patent No. 3,505,86§
t6 Getselev. Another approach with respect to use of non-
magnetlic screens is exemplified as well in U.S. Patent No.
3,985,179 to Goodrich et al. Goodrich et al. '179 describes
the use of a shaped inductor in conjunction with a screen to
modify the electromagnetic forming field.

It is generally known that dufing electromagnetic casting
the solidification front between the molten metal and the
solidifying ingot at the ingot surface shoulé be maintained
within the zone of high magnetic field strength, i.e. the
solidification front should be located within the inductor.

If the soldiification front extends above the inductor, cold
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folding is 1likely to occur. On the other hand, if 1t reaches
to helow the inductor, a bleed out or decantation of the

liquid metal is 1likely to result. Getselev et al. '1l&34
associate the coolant application manifold with the screen
portion of the mold such that they are arranged for simul-
taneous movement relative to the inductor. In U.S. Patent

No. 4,156,451 to Getselev a cooling medium is supplied upon

the lateral face of the ingot in several cooling tiers arranged
at variocus levels longitudinally of the ingot. Thus, depending
on the pulling velocity of the ingot, the solidification front
can be maintained within the inductor by appropriate selection
of one of the tiers.

Another approach to improved ingot shape consisted of
provision of more uniform fislds at conductor bus connections
(Canadian Patent No. 930,925 to Getselev).

In electromagnetically casting rectingular or sheet
ingots, the 1lngots are often cast with high radius of
curvature ends or corners which is 1ndicative of the need for
improved ingot shape control at the corners of such ingots.

Finally, United States Patent 3,502,133 to Carson teaches
utilizing a sensor in a continuous or semi-continuous éasting
mold to sense temperature variaztions at a particular location
in the mold during casting. The sensor controls application
of coolant to the mold and forming ingot. Use of such a
device overcomes instabilities with respect to how much extra
coolant is required at start up of the casting operation and
Just when or at what rate this excess cooling should be

reduced. The ultimate purpose of adjusting the flow of

s o >
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coclant l1s to maintain the freeze line of the casting at z
subsﬁantially constant location.
Carson '133 teaches that ingots having a width tec .
thickness ratio on the order of 3 to 1 or more possess
an uneven cooling rate during casting when ccolant s zpplied :
peripheraily of the mold in a unifcrm manner. To overccne
this problem, Carson '133 applies cooiant to the wi@e faces
of the ingot and/or the mold walls and not at all (or at
least at a reduced fate) to the relatively narrow end faces
of the Ingot and/or the mcld walls.
All patents and applicatiocns described herein are
intended to be incorporated by reference herein.

SUMMARY QF TEZ INVENTION

The present inventicn comprises a process and apparatus
for electromagnetic casting of metals and alloys into rec-
tangular cr sheet inzots and other desired elements of shape -
control.hadng small radius of curvature corners or portions
by application of controlled static head (through metal hezé
or pressure modification). In particular, a2 method and
apparatus utilizing controiled differential static head by
centrol of cooling water abplication to obtain refinenment
of ingot shape, particularly at the corners of rectangular
ingots or other desired elements of éhape in claimed.

According to the present invention control of ingot
shape may be effected by sglection of the rate or locaticn
of ccoling water application to the forming ingpt shell
within or below the containment inductor; Rounding off of
corners in electromagnetic casting can be made less severe
or of smaller radius by contouring the water application

rate or elevaticn (cr beth) so that the rate or elevation
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is a minimum at the corners of the ingot. Reduction of the
water application rate or lowering the application level
serves to reduce the local heat extracticon rzte along an
ingot transverse cross secticn line of constant height.
This in turn lowers the position of the solidificaticn

front at the ingot corner and correspondingly raises the

3}

etal static head or pressure at the corner. This Ilncreased
pressure results in the liquid metal aprroaching the inductor
mcre closely at the corner and thus fillingrthe corner to
form a smaller radius of curvature at the corner before the
increased static pressure 1is counterbalanced by an increzased
electrcmagnetic force.

In accordance with one embodiment cof this invention a
water manifc;d or ccoling water arplicatlon device 1s provided
with drilled holes or slots of a size anéd/or local hole
density which 1s modified to yield locally reduced rates of
water applicaticn at the inget or desireé share corners.

In accerdance with another preferred embodiment of this

- invention a water manifold or cooling water applicaticn device
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ation of the suprly hcles is
mcdified so as to apply water at the lcwest elevatlion at
the ingot c¢>r desired shape corners.

In accordance with yet another preferred embodiment of

this inventicn the holes or slots in a2 water manifold or

ccoling watar a2pplication device are modified such that the
angle ¢f the holes or slcts around the corners of th:s ingot

cause the water to impinge cn the ingot surface at a lower

levation 2t thke ingot cerners.

10

It 1s of ccurse understocd that hybrids cf loczl hole
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utilized 1in accordance with the concepts of this invention.

In accordance with another preferred embodiment of
this Invention a water manifold or coocling water'application
dévice is provided which produces a water application rate
of zero over short distances at the corners of the ingot or
desired shape to further accentuate the effects of reduced
local cooling.

Accordingly, 1t 1s an object of this invention to provide
an improved process and apparatus for electromagnetic casting
of metals and alloys 1nto sheet ingots, or other dééired
elements ol shape control, characterized by small radius of
curvature corners or pcrtions tbereon.

This and other objects will become more apparent from
the following description and drawings.

BRIEF DESCRIPTICHN OF TEE DRAWINGS

Fizure 1 is a2 sckematic cross-secticnal representation
of a2 prior art elsctrcmagnetic casting appératus utillizing
a2 slot type coolant manifold for discharging water onto
the faces of a forming ingot.

Figure 2 is é schemztic crcss-sectional representation
¢f an electrcmagnetic casting apparatus showing an inductor

having-drilled holes for supplying water to an ingot in
accordance with this invention.

Figure 3 1s 2 schematic cross-sectional representation
of an electromagnetic casting apparatus showing a2 modiflad
siot type manifold for supplying water to an ingot in

accordance with this invention.

Figure &I is a schematic cross-sectiona
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of an electromagnetic casting apparatus showing ancther

embedinent of a modified slot type manifold for surrlyins

ccolant to an ingot in accordance with this inventicn.



» 1
.
)

DR

- TTi0022~1E

-3- 0022566

s e
Y

Figure 5 1s a partial bottom plan view looking up into
the manifold discharge slot of a manlfold showing corners
possessling different slot modifications in accordance with
this invention.

DETATIED DESCRIZPTION OF PREFZRRED EMBODIMENTS

In all drawing Figures alike parts are designated by
alike rumerals.
Referring now to FIGURE 1 there is shown therein a
prior art electromagnetlc casting apparétus in accordance
10 with U.S. Patent 4,158,379.
The electromagnetic casting meld 10 1s comprised of an
inductor 11 which is water cocled; a coclant manifold 12

for applying cooling water to the peripheral surface 1

(W3}

= |
o=

of the metal being cast C; and a non-magnetic screen

Molten metal 1s continuously introduced into the mold

s

during a2 casting run, in the normal manner using a trough

(=]

5 and cown spout 15 and cenventional molten metzl head

o]

ontrol. The inducter 11 is excited by an alternating
current frem a sultablie power source (not shown).

20 The alternating current in the inductoer 1l produces =
magnetic field which interacts with the molten metal head
19 to produce eddy currents therein. These eddy currents in
turn interact with the magnetlc {ield and produce fcrces
which apply a magnetic pressure to the molten metal hezd 10
to contain it so fthat it solidifies in a desired ingot
cross section.

An air gap exists during casting, between the molten

mezal head 16 and the inductor 11. The molten metal head

1% 1s formed or moldeé into the samza general shazpe as the
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the desired 1lngct cross section.
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The inductor may have any desired shape including circular or
rectangular as required to obtain the desired ingot C cross
section.

The purpose of the non-magnetic screen 14 is to fine
tune and balance the magnetic pressure with the hydrostatic
pressure of the molten metal head 19. The non-magnetic screen
lﬂ comprises a separate element as shown, and 1s not a part
df the manifold 12 for applying the coolant. 7

Initially, a conventional ram 21 and bottom block 22
is held 1n the magnefic containment zone of the mold 10 to
allow the molten metal to be poured into the mold at the
start of the casting run. The ram 21 and bottom block 22
are then uniformly withdrawn at a desired casting rate.

Solidification of the molten metal which is magneticslly
contained in thé moldtgé_is achisved by direct application
of water frem the cooling manifold 12 to the.ingot surface
13. The water 1s shown applied to the ingot surface 13
within the confines of the inductor 11l. The water may be

applied, however,to the ingot surface 13 from above,

=

ithin or below the inductor 1l as desired.

The solidification front 25 of the casting comrrises the
boundary between the molten metal head 19 and the solidilied
ingot C. The location of the solidilication frent 25 at
the ingot surface 13 results from a balance of the heat
input from the superheated liquid metal 19 and the resistance
heating from the induced currents in thke inget surface
layer, with the longitudinal heat extracticn from the

on.

1o

cooling water applicat
Coolant manilold 12 is arranged zbove the inductcor 11

and includes at least one discharge port 28 a2t the end of

-8 -
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extended porticn 30 for directing the coolant against the
surface 13 of the ingot or casting. The dischérge port 28
can comprise a slot or a plurality of individual orifices
for directing the ccolant against the surface 13 of the
ingot C about the entire periphery of that surface.

Coolant manifold 12 is arranged for movement along
vertically extending rails 38 and 39 axially of the ingot C
such that extended portion 30 and discharge port 28 can be
moved between the non-magnetic screen 14 and the inductor 11.
Axial adjustment of the discharge port 28 position is provided
by means of cranks 40 mounted to screws 41.

The coolant 1s discharged against the surface of the
casting in the direction indicated by arrows 43 to define the
place of coolant application.

Figure 2 is a2 schematic cross-—-secticnzal representztiion
of one embodiment o a system for application of a2 coolant
in accordance with this invention. Line 29 divides Plgure 2
into two sides (A) and (B). Side (A) shows a section through
a face of rectangular inget 20 and incducter 11' while
side (B) shows a section thrcugh the ccrner of the same
elements. Coolant; typically water, is surplied to the

veripheral surface 13 of irngot 20 via holes 17 in 1aducter

=

1.

Reounding off of corners in electrcmagretic casting
results from higher electromagnetic pressure at a given
distance from the inductcr near the ccrrer (where two
rroximate faces of the single turn irducter generate flelid)

and from excess cooling cr higher heat extraction rates at

the corners because of geometric and@ higher heat transfsr

characteristics. BReferring tc

h

"igure 2, dctied lire 2
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exemplifles the location of the solidflecation front at the
corner of an ingot (side (8)) which is cooled éy known
1iform rate and helght peripheral coolant flow dirscted
to the surface 12 of rectangular ingot 20. As can be seen,
excess cooling at the corners of the Ingot 20 cause the
solidification front to rise 1n comparison to the elevation
of the‘solidification front aleong the faces of the ingot 20
(side (A)), denoted by dashed line 24. Thus, b, the heizht’
of the solidification front from the point of coolant
impingement at the corners of thé ingot 20 is grezter fthan
a, the height of the solidification frent frqm the peint of
coclant impingement along the {aces of the ingot 20. This
combination of higher solidificaticn front (lower hezd)
and increased mag;etic rressure at the corners causes the
pushing of molten metal away from the ccrners thereby
producing z highly undesiratle rouﬁding off of the ingot
corners. .

In accordance with this invention coolant application
devices are medified tc preoduce controlled differential
static head leading to refinement of ingot shapes at the
cocrners, and in particulzr to form smaller radius éf
curvatures av ingot corners.

Control of ingot shape is effected in accordance with
the present invention by selection of thé rate and/cr
lccation of cooling water impingement upon the surface of
formping ingct shellis. Rounding off of corrers in electrc-

agnetic casting can be made less severe or of smaller

s
i

radius by ccntouring the water application rate and/or
elavaticn so that the rate and/or elevation is 2z minimun

a2t the corner cof the ingot. Reduction of the water

- 19 - o ,
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applicatiqn rate and/or lowering of the arplication level
serves to reduce the local heat extraction rate along an
Ingot ftransverse cross section line of constant height.

This in turn lowers the position of the solidification fron
at the ingot corners and correspondingly raises the metal
static head or pressure at the corners. This Iincrezsed pressure
results in the liquid metal approaching the inductor more
¢losely at the corners and thereby fill;ng the corner to form
a smaller radius of curvature before the increased static
pressure 1s counterbalanced by the increased electrcmagr netic
force.

As can he seen from Pigure 2, the elevaticn of the water
impingement at the side (B) (the corner of ingot 20) in
accordance with this Invention is lower than the elevation
at side (&) (along the face of the-lngot 20) by virtue of the
modificatlion in elevation and angle of holes 17 in inducter
11'. The solidification front 25 forms as a result at a
height b azbove the point of wate ipingement (point 2€)
tut at a level 1ower than the point 27 where the solidiflcaticn

front 25 forms along the faces of ingot 20.
As an alternative to alterring the angle and/cr elevaticn
cf boles 17 in inductor 1i' it would be pcssible to obtzin a

lowering of the solidzfication front at the corners of ingcet

N

0 by reducing the dlameter of holes 17 and/or by blocking

one cr more holes locally cf the corners thereby partially
reducing or reducing~to zero the rate of water application

at the ingot corners. Of ccurse hybrids of hole size, density,
elevation, angle and blockage could te devised to obtain the
results desired with respect tc ceccling rate at the corners

in acceordance with this irverntion.

zz)
-1 - BAD ORIGINAL @
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Figure 3 shows a partial schematic cross-sectional

-2 -

representation of the electromagnetic casting apbaratus of
Figure 1 with 2 modified coolant manifold 12' in acccrdance
with arother embodiment of this invention.

Figure 3 shows extended portion 30 to have a discharge
port 28' (Side (B)) having a modified slot discharge angle
causing impingement of coolant water at a lower elevation at
the corners of ingot 20. Sice (&) shows a standard or un-
modified discharge port 28 which impinges water at a higher
level along the faces of ingot 20. Solidification front 25
is seen to be at a higher level as designated by point 27
aleng the faces of the ingot than at or near the corners cf
ingot 20, designated by point 26.

Flgure 4 shows a ﬁartial schematic c¢cross—sectional
representation of the electromagnetic casting apparatus of
Figures 1 and 3 with a modified coolant manifold 12" in
accordance with yet another embodiment of thls Inventicn.

In Figure 4, extended portion 20 of modified coclant

manifold 12" 1s constructed with discharge port 28 completely

blecked off at or near the corners of ingot 20 (Side (3))

by portion 31 of coolant manifold 12". Thus there is zero
loczl ccoling in the lmmediate corners of ingot 20 causing
solidification front 25 to drop to the point 2€ at the corners
of ingot 20. Side (A) shows that the solidification front 25
stays at point 27 along the faces of the ingot.

Where siot type coclant manifclds such as depicted

5

n FTigures 1, 3 and b are used, the slot ercss secticn czan
be zaccurately contoured to produce a smoothly varying water
flow rate with 2 minimum or zero flow rate at or near the

ingot cecrner posiftions.

- 12 -
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In addition to alterring the angle of slot discharge,
it 1s contemplated to alter the extended portion 30 at the
areas of the corners of the ingot 20 to mcdily the elevatiocn
of the slot discharge ports so as to be lowest at the ingot
corners. Thus the elevation of the Impinging water can be
alterred by alterring the angle and/or the actual elevaticn
of the discharge slots. Again, hybrids of contoured sict
cross secticn, elevation and angle could be devised to carry
cut the process of this invention.

Figure 5 is a bottom plan view locking up into an
extended perticn 30 of a manifold and shocws corners possessing
differant slct modifications in accordance with this inventiorn.
Extended porticn 30 cemprises an inner wall 32, an cuter

wall 34 and a discharge port 28. Ccrner C shows an unmcdilied

by

ul

(B

slot discharze por:s 22 with a slot width equal to thas
zlong the four faces of extended portion 30. Corner D shcws
a ccnteoured slet discharge port 28 with zero slot widch
(closed) at the exact corner £2 of extended vortion 30.
Ccrner g.shows a cortoured slct discharge port g§ with zers
slot width over zbout half the ccrner radius 64 of extended
portion 30 and corner F shows zero slot width over about
virtuaily the whele corner radius 66 of extended perticn 32.

P

The aforedescrited variants in coolant applying eguin-

ally designed so as to modify the coolant

|-‘¢

mert are tyric

applicaticn rate and/or izpact point within about three inches

e

on either side o a ccrner while the maximum extent of the

modificzations in coclant application is to result in substantlal

l.h

ebsence of coclant azptlication over atout one inch or less

of the Ingct surface about the corner.

0022566
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The novel method and apparatﬁs of the present invention

find applicability in the electromagnetic casting of any
shapes wherein 1t is desired to form portions thereon of low
radlius of curvature.

. It 1s apparent that there has been provided withrthis
invention a novel process and means for utilizing controlled
éifferential étatic head by control of coolant application teo
obtain refinement of ingot shape during electrcmagnetic
casting which fully satlsfy the objects, means and

advantages set forth hereln before. While the invention

. has been described in combination with specific embodiments

thereof, it is evident that many alternatives, modifications
and variations will be apparent to those skilled in the art in
light of the foregoing description. Accordingly, it is
intended to embrace 2ll such alternatives, modifications and
variations as fall within the spirit and broad scope of

the appended clainms.

- 14 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLCWS:

1. In an apparatus for electromagnetic forming of mclzen
metals or alloys into a casting of desired shape having at
least one portion of small radius of curvature comprising
means for generating an electromagnetic force field to receive
and form said molten metals or alloys into said casting and
means for applying coolant to the peripheral surface of said
casting, the improvement characterized by means for lowering
the solidification front and increasing the mclten metal or
alloy static head along the peripheral surface of said casting
at said at least one portion of small radius of curvature,
wherety the molten metal or alloy more closely approaches said
electromagnetic force fi=ld generating means at said at lisast

one portion of small radius of curvature.

2. An apparatus as in claim 1 characterized in that said
means for lowering the solidification front and raising the
molten metal or alloy static head comprises means for con-—-
trolling the rate at which said coolant imvinges upon said
peripheral surface such that the rate of inmpingement in the
areza of said at least one portion of small radius of curvature
is different as compared to the rate of impirgement at
reripherally adjacent areas of said casting.

3. An apparatus as in claim 2 charactsrized in that said
means for controlling is constructed so as t> cause said
coolant to impinge on said peripheral castinz surface at szid
at least one portion of small radius of curvature at a lower

rate as comparad to peritheraily adjacent arzas of said
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4., An apparatus as in claim 1 characteriéed in that
sald means for lowering the solidification front and raiéing
the molten metal or alloy statlc head comprises means for
controlling the elevation at which said coolant impinges upon
sald peripheral surface such that the elevation of impingement
in the area of said at least one portion of small radius of
curvature is different as compared to the elevation of

impingement at peripherally adJacent areas of sald casting.

5. An apparatus as in eclaim 4 characterized in that
said means for contrélling 1s constructed so as to cause said
coolant to impinge on said peripheral casting surface at szaid
at least one portion of small radius of curvature at a lower
elevation as compared to peripherally adjacent portions of

said casting.

6. An apparatus as in claim 1 characterized in that said
means for lowering the solidification froant and raising the
molten metal or alloy static head comprises means for con-
trolling the rate and elevation at which coblant impinges
upon saild peripheral surface such that the rate and ele;ation
of impingement in the area of said at least one.portion of
small radius of curvature is different as compared to the
rate and elevation of impingement at peripherally adjaceht
areas of said casting.

v

7. An apparatus as in claim 6 characterized in that
said means for controlling is constructed so as to cause
said coolant to implnge on said peripheral casting surface

at said a2t least one portion of small radius of curvature at

»

- 16 -



10022-1B

-1} - 0022566

a lower ratzs and elevation as ccmpared to peripherall

adjacent areas of sald castinsg.

8. An apparatus as in any of claims 3, 5, 6, or 7
characterized in that said means for lowering the solidifi-
cation front and raising the molten metal or alloy static head
1s part of said means for generating an electromagnetic force

field.

9. An apparatus as in any of claims 3, 5, 6, or 7
characterized in that said means for lowering the solidifi-
catlion Tront and raising the molten metal or alloy static head

comprises a coolant manifold.

10. 1In a process for electrcmagnetic forming of molten
metals or alloys into a casting having a% least one portion
of small radiﬁs of curvature comprising providing means for
generating an electromagnetic force field for forming said
molten metals or aglloys into said casting, providing a coolant
aprlying means, pourirg said molten metal or alloy into said
electromagnetic force field, and applylng coolant from said
coclant applying means to the peripheral surface of said
forming casting the improvement characterized by applying
said coolant to said perivheral surface so as to lower the
solidification front z2nd increase the molten metal or alloy
static.head along the peripheral surface ar=a of szid casting
at said at least one pertion of small radius of curvature
whereby the molten metal or alloy more closely approaches
sald electromagnetic force field generating means at said at

22v one pertlion of small radius of curvature.
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1l1. .A process as in claim 10 characterized in that said
step of applying comprises controlling the rate at which said
coclant impinges upon said peripﬁeral surface such that the
rate of impingement in the area of said at least one portion
of small radius of curvature is differenﬁ as compared to the
rate of impingement at peripherally adjacent areas of said

casting.

12. A process as in claim 11 characterized in that said
coolant impinges on sald peripheral casting surface at said
at least one portion of small radius of curvature at a lower
rate as coﬁpared to peripherally adjacent areas of said

casting.

13. A process as in claim 10 characterized in that said
step of applyling comprises controlling the elevation at which
said coolant impinges upon said peripheral surface such that
the elevation of impingement iﬁ the area of said at least one
portion of small radius of curvature is different as compared
to the elevation of impingement at peripherally adjzcent areaé

of said casting.

14. A process as in claim 13 characterized in that said
coolant impinges on said peripheral casting surface'at'said
at least one portion of small radius of curvature.at a lower
elevation as compared to peripherally adjacent afeas of said
casting.

15. A process as in claim 10 characterized in that said

step of applying comprises controlling the rate and elevation

- 18 -
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at which said coolant impinges upon said peripheral surface
such that the rate and slevation of impingement in the area
of saild at least one portion of small radius of curvature is
different as compared to the rate and elevation of impingement

at peripherally adjacent areas of said casting.

16. A process as in claim 15 characterized in that said
coolant impinges on sald peripheral casting surface at said at
least one portion of small radius of curvature at a lower rate
and elevation as compared to peripherally adjacent areas of

said casting.

17. A coolant manifold for use in electromagnetic casting
of molten metals or alloys characterized by said manifold
forming a substantially closed loop defining a central
enclosed area, and having at least cne corner, and said
manifold including a peripheral slot or plurality of corifices
geonmetrically positioned, sized, and elevaited peripherally
along said loop sé as to direct a [low of coolant material
from said at least one corner at a different rate or elevation

as compared to flow from adjacent peripheral areas of said

manifold.

13. A coolant manifold as in claim 17 characterized in
that said slo® or orifice openings are narrower at areas of
said manifold at said at least one corner as ccmparsd to

acjacent peripheral areas of said manifold.

1¢. A coolant manifold as in claim 18 characterized in
that said sliot or orifice openings are closec at areas of

sald manifeld at said at least one corner.
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20. A coolant manifold as in claim 17 characterized in
that said orifices are of less density at areas of said
manifold at said at least one corner as compared to adjécent

peripheral areas of said manifold.

21l. A coolant manifold as in claim 17 characterizsd in
that said slot or orifices are at a lower elevation at areas
of said manifold at said at least one corner as compared %o

adjacent peripheral areas of said manifold.

22.- A coolant manifold as in c¢laim 17 characterized in
that said slot or orifices have 2 smailer angle of inclination

with respect to the axis of said central enclosed aresa at

fX

arezs of said manifold at said at least one corner as compared

to adjacent peripherzl areas of said manifold.
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