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The present invention relates to the refining 
of metals by the use of vibration and to apparatus 
which is used to in part to the metal vibrations 
of the desired frequency and amplitude. 

It has been known for some time that various 
physical and metallurgical characteristics of met 
als could be improved if they were subjected to 
vibration while in their molten state. To this 
end apparatus of different types have been devel 
oped for jairing or shaking ingot molds, for ex 
ampie, while the metal was being poured into 
them. Such apparatus, however, was cumberSome 
and required a large amount of power to operate. 
In addition the apparatus could not easily be ad 
justed to way the amount and type of vibration 
that was imparted to the ingots as they were 
being poured. 

In most cases jarring or vibrations as above de 
scribed were not cornmercially successful. There 
are a number of reasons for this, the main one 
being that the results obtained were entirely too 
unreliable to be of any practical value. In Some 
cases the structure of the ingot was improved. 
In many cases, however, no improvement WaS 
oitained, while in other cases flaws Were pro 
duced in ingots to such an extent that they had 
to be scrapped. It was impossible to foretell ex 
actly what results would be obtained. 
As a result of my experiments I have deter 

mined that the vibration of ingots to remove 
impurities and gases as well as to improve the 
grainstructure can be accurately controlled. This 
control is predicated upon determining empiri 
cally the type of vibration that is required for 
each metal or family of metals being treated. 
This type of vibration is then applied to the 
ingot during the time that it is solidifying as well 
as during the time it is being poured to obtain 
predictable resultS. 

I have discovered that various metals or alloys 
must be treated differently. The type of treat 
ment that will produce beneficial resultS in One 
metal will produce faults in another. I have also 
determined that it is desirable if not necessary 
to apply more than one type of vibration to the 
ingot at the same time. The first of these, known 
as the primary vibration, is of relatively low fre 
quency and high amplitude and is applied in a 
vertical direction, The Second or Secondary wi 
bration is of relatively high frequency and low 
amplitude which is applied in an unoriented 
plane. 
The apparatus that I have devised to impart 

the desired vibrations to the ingots both during 
the time that they are being cast as well as dur 
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ing the time that they are solidifying is electro 
magnetically operated. The apparatus is compact 
and readily adjustable so that the amplitude and 
frequency of the vibrations may be readily ad 
justed to any value which is necessary for the 
particular metal being treated. Furthermore, the 
apparatus may be mounted on an ingot car or 
buggy so that the ingot may be moved from the 
place of pouring to the place in which it is stored 
while the ingot is solidifying and during the time 
it is being treated. 

It is an object of the invention to provide a 
method of treating metals to cleanse them and 
to improve their physical structure. In following 
the invention it has been found that various con 
taminants such as slag may be caused to separate 
from the body of metal, and that the metal Will 
be dega SSed. More important, however, is the 
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fact that the grain size may be controlled to pro 
duce a dense and Small grained metal with its 
inherently desirable characteristics. 

It is a further object of the invention to pro 
vide an electromagnetically operated vibrating 
mechanism that is compact and rugged. The 
mechanism is provided with means for supplying 
electric current thereto in such a fashion that 
the amplitude and frequency of the vibrations 
may be altered at will by means of simple ad 
justments. 

It is a further object of the invention to pro 
vide a method and apparatus for cleansing and 
refining metals by the use of vibration during 
the time that the metal is being cast and is 
Solidifying. 
The invention of the present application is 

equally as applicable in the casting of metals in 
final shape or in the casting of metal in ingots 
that are Subsequently to be rolled or forged. The 
invention has been used to advantage for both 
non-ferrous metals such as aluminum, for exam 
ple, and for ferrous metals and alloys including 
stainless steel. For purposes of description only, 
and not by Way of limitations, the invention Will 
be described in connection with the casting of 
steel ingots. 
The various features of novelty which charac 

terize my invention are pointed out with particu 
larity in the claims annexed to and forming a 
part of this Specification. For a better under 
standing of the invention, however, its advantages 
and Specific objects attained with its use, refer. 
ence should be had to the accompanying drawings 
and descriptive matter in which I have illustrated 
and described a preferred embodiment of the 
invention. 
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In the dra Wings: 
Figure 1 is a side view showing the invention 

when used with an ingot car; 
Figure 2 is a view from the right of Figure ; 
Figure 3 is an enlarged view, partly in Section, 

showing the details of the vibrating mechanism 
and the circuits thereor; 

Figure 4 is a sectional view of one of the con 
mutators; and 
Figure 5 is a view of a modified type of vibrat 

ing mechanism. 
Referring to Figures 1 and 2, there is shown 

an ingot car or buggy that is mounted upon 
Wheels 2 and Which runs on a track 3. This car 
has mounted upon it a platform 4 at least a por 
tion of which is made of magnetizable metal that 
carries an ingot moid 5. The platform is Sup 
ported on the carriage by means of Spring 6, one 
of which is placed at each corner of the carriage. 
It is to be understood, however, that a larger or 
smaller number of springs may be used, depend 
ing upon the Weight of the ingot mold or other 
factors. The platform 4 is guided for vertical 
movement only on the car by means of cylin 
ders located within the springs and which are 
attached to the platform. Each of these cylin 
ders receives a post 8 that is attached to and pro 
jects upwardly from the car itself. Thus, as the 
platform is moved up and down against the force 
of the Springs it is guided for vertical movement 
only. The fit between the cylinders 7 and posts 
8 is such that free sliding movement may be ob 
tained, but that no sidewise component is present 
in the said movement. 

In following the present invention it is neces. 
sary to vibrate the ingot carrying platform and 
mold in a vertical direction during the time that 
the ingot is poured and while it is solidifying. 
This vibration is accomplished in accordance with 
the present invention by means of an electromag 
net that is attached to the car and which is used 
to attract the platform 4 downwardly against the 
force of the springs. As shown herein, the mag 
net includes a pair of coils 9 and ?o that are 
Wound around an armature which is mounted 
on the car. As best shown in Figure 2, there are 
also provided a pair of stops which can be used 
upon occasion to limit the downward movement 
of the platform in response to the attraction of 
the magnet. These stops each include a head 2 
that is provided with a cap f3. The cap may be 
of Sorne resilient material such as rubber or it 
may be of a solid material such as metal, depend 
ing upon the type of damping of the vibration 
which is required for the specific metal being 
poured. This will be described in detail below. 
The cap f2 has attached to it a threaded stem f4 
received in a socket 5 attached to the carriage 
. By rotating the stops in the socket, their 
height and the amplitude of the vibration may 
be adjusted. There is also attached to the 
platform 4 a secondary vibrating mechanism f 6. 

In modern steel mill practice it is customary to 
move the mold carrying cars to a pouring station 
and from there to a storage space in which 
the molten metal can solidify before the mold is 
stripped from the ingot. Since it is necessary to 
continue the vibration during the time that 
Solidification is taking place as well as while the 
ingot is being poured, terminals from the magnet 
coils extend through a trolley T to a plurality 
of contacts 8 on the end thereof. These con 
tacts bear against elongated stationary contacts 
9 that are located adjacent to the path through 
which the car moves. As shown herein, con 
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4. 
tacts 9 are mounted upon supports 2 that are 
placed between the tracks 3 where there is less 
likelihood of them being damaged due to activity 
on the pouring floor. 
The details of the magnets and the means for 

Operating them are best shown in Figure 3, and 
reference is now made to that figure. The arma 
ture is fastened to the body of the car by 
means of a strap 22 and is held in place by nuts 
23 threaded over the ends of the strap. Coils 9 
and 0 are connected together by means of wire 
24. The other end of coil 0 is connected by a 
Wire 25 through one pair of contacts 8 and 9 to 
One conductor I of a suitable direct current 
power line which side is also grounded. The 
Second terminal of coil 9 is connected by a wire 
26 through another pair of contacts 8 and 9 
to a brush 27 which bears against the surface of 
a commutator. This commutator is so formed 
that the brush bears alternately against projec 
tions 28 formed on a conducting ring 29 and pro 
jections 3 formed on a conducting ring 32. 
These rings are separated by insulation 33 as is 
shown in Figures 3 and 4 of the drawing. Ring 
29 is engaged by a brush 34 which is connected 
through a variable resistance 35 to the other con 
ductor L' of the power line. Bearing on the sur 
face of ring 32 is a brush 36 which is connected 
through a suitable wire with the ground. It will 
be seen that as the commutator is rotated the 
brush 27 bearing alternately on projections 28 
and 3 will connect the magnets alternately with 
the source of power and with the ground, thus 
intermittently energizing the magnets so that 
the platform will be intermittently attracted to 
Ward the same against the force of springs 6. 
The commutator is mounted on a shaft 3 and the 
latter is rotated by a suitable variable-speed 
notor 38. As shown herein, one of the motor 
leads is provided with a variable resistance 39, 
adjustment of which will adjust the speed of ro 
tation of the motor. In some cases it may be de 
Sirable to provide a condense) across the lines 
leading from the magnet to the source of power 
and from the magnet to the ground in order to 
dampen arcing. To this end there is provided a 
condenser 40 extending between wire 26 and one 
Side of the variable resistor 35. The connection 
for the condenser has in it a switch 4 that can 
be closed when conditions make it advisable. In 
a like manner a condenser 42 is connected be 
tWeen the wire 26 and the ground, which con 
nection includes a switch 43. 
The secondary vibrator 6 is best shown in Fig 

ule 3 and includes a magnet coil it 5 that is at 
tached rigidly to the botton of platform A. Co 
operating with this magnet and attracted there 
to When the magnet is energized is a weight, 4, 
Which is rigidly attached to a spring 47. This 
Spring is of such a length that it holds the weight 
Separated slightly from the arnature of magnet 
45. The lower end of Spring & is attached to a 
Casing 48 which is in turn raounted upon the 
platform 4. Electrical energy is supplied to mag 
net 45 by means of a wire AS connected through 
contacts 18 and 19 with one side of the line. The 
other terminal of the magnet is connected by a 
Wire 5 through contacts 8 and 9 with a brush 
52 bearing on the surface of a second commutator 
that is attached to motor shaft, 37. The brush 52 
is SO positioned with respect to the commutator 
that it bears alternately on projections 53 ex 
tending from a conductor ring 54 and projections 
55 extending from a conductor ring 56. These 
rings are mounted in a manner similar to that 
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described in connection with the first commu 
tator so that the projections are separated from 
each other by insulation 5. 
When brush 53 is engaging a projection 53 it is 

Connected through a brush 6 with the ground. 
When the brush is engaging a projection 55 it is 
connected through ring 55, brush 58 and a vari 
able resistance 59 with the other side of the line. 
Thus, when the commutator is rotated, magnet 
45 is connected alternately with the source of 
electrical energy and with the ground so that it 
will attract weight 46 with a frequency depending 
upon the frequency with which it is connected to 
the power Supply. As was the case in connection 
With the first-described magnet, it may at times 
be desirable to connect a condenser between the 
Inagnet and the ground and between the magnet 
and the line. To this end there is provided a 
condenser 64 in the circuit extending between 
brush 52 and the ground. This circuit has a 
Switch. 65 in it. In a like manner there is pro 
Wided a condenser 62 in a circuit extending from 
brush 52 to one side of the line. This circuit has 
Switch 53 in it which may be opened or closed 
as occasion demands. 
The main vibrating mechanism that was de 

Scribed above produces notion of the platform 4 
by pulling it in one direction against the force 
of the Springs and permitting the springs to move 
the platform in the opposite direction. In some 
cases it may be of advantage to have the table 
vibrated by moving it positively in both direc 
tions as a result of the action of a pair of mag 
nets. Mechanism to accomplish this is disclosed 
in Figure 5. The movement of the table down 
Wardly in this case is imparted by a magnet 66 
that is attached directly to the carriage . R/Iove 
ninent of the platform upwardly is produced by a 
Second magnet 67 that is attached to a support 
68. This support is mounted rigidly with re 
Spect to the carriage and in spaced relation 
thereto by means of posts 69. As the magnets 
are energized an armature of magnetizable 
material is moved in one direction or the other. 
This armature is attached to a support 72 that 
is in turn attached rigidly to the platform 4 by 
rods 73. Since the vibration is imparted to the 
arrinature f by alternate energization of the mag 
nets 5 and 6, a slightly modified type of com 
mutator is necessary. 
Will be seen that one terminal of each of the mag 
netS is connected by a wire is and the variable 
resistance 75 to one side of the line. The other 
teriinals of the magnets are connected to the 
Opposite side of the line through the commutator. 
To this end the Second terminal of magnet 66 is 
connected by a wire 76 to a brush . This brush 
engages alternately projections 78 on a contact 
ling 9 that is connected by brush 8? to the op 
posite side of the line, and projections 82a, ex 
tending from the contact ring 83 that is con 
Ilected by a brush 84 to the ground. The second 
terminal of magnet 67 is connected by a wire 85 
to a brush 86. This brush bears alternatingly on 
Contacts 82b extending from the opposite side of 
Contact ring 83 and projections 87 of a contact 
ring 88 that is connected by a brush 89 to the 
oglosite Side of the line. It, will be noted that 
the various contact rings and projections are sep 
a rated by insulation 9 . It will also be noted that 
the projections 82a and 82b are so aligned with 
respect to each other that when magnet 66 is 
energized magnet S is connected to ground, and 
Vice Versa. 
The vibration imparted to platform 4 by elec. 

Referring to the figure, it 
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tromagnet 9, () is oriented in a vertical plane due 
to the fact that the platform is confined to move-. 
ment solely in a vertical direction. The fre 
gluency of this vibration is determined by the 
number of projections 28 and 3 formed on Con 
ductor rings 29 and 32, respectively. and by the 
speed of rotation of motor 38. Adjusting resist 
ance 39 will change the Speed of the motor and, 
therefore, the frequency. It will be noticed from 
an inspection of Figure 4 that the brush 2 is of 
Such a size that it Will bridge the insulation 33 
between projections 28 and 32 so that the current 
is momentarily flowing to ground before and 
after each energization of the magnet. In this 
Way any counterellectromotive force that is built 
up in the coil is discharged to relieve sparking 
across the projections. It is sometimes advisable 
to connect the condensers and 3 across the 
leads from the three brushes to help relieve any 
Sparking that might occur. For most applica 
tions the proper proportional width of the brush, 
the projections and the insulation between the 
projections is 3 to 4 to i respectively. 
The ainplitude of the vibrations produced by 

magnet 9, f) is varied by adjusting iesistance 35 
and, therefore, the current flow through the 
magnet. The Springs are of Sufficient strength 
to support the platform 4 and the load thereon 
and always return the platform to a predeter 
mined position. When the magnet is energized 
the platform is pulled downwardly from this 
position against the force of the springs for a 
distance depending upon the current flowing 
through it. Ordinarily the platform 4 does not 
geScead far enough to engage the stops 3. Thus 
the acceleration of the platform is the same in 
both directions and a smooth movement rather 
than a jarring of the platform is obtained with 
its inotion simulating somewhat a sine wave. In 
Some instances a shock wave may be necessary 
to obtain the desired refining of the metal being 
treated. When such is necessary, the stops 2 are 
elevated to a point where they will be engaged 
by the platform in its downward movement. The 
platform Will, therefore, be stopped suddenly, thus 
producing a different wave form for its motion. 
At this point it might be mentioned that the ac 

celeration of the ingot platform in both direc 
tions determines the exact shape of the vibra 
tion curve. This acceleration can most easily be 
altered by varying the stiffness of the springs 6 
upon which the casting platform is mounted. 
When the stops 2 are used, changing from rigid 
to resilient caps 3 will also vary the accelera 

5 tion or type of vibration obtained. 
The vibrations produced by the secondary vi 

brating mechanism 6 are of a higher frequency 
and lower amplitude than those produced by the 
magnet 9, 10. The vibrations in this case are pro 
duced as a result of the blow made by weight 46 
hitting against the bottom of the armature of 
magnet 45. The frequency of the vibrations 
produced by device f6 is at least ten times that 
produced by magnet 9, 10 and an uneven multiple 

5 thereof. To this end there are at least ten times 
as many projections 53 and 55 plus one on the 
commutator of which they are a part as there 
are projections 28 and 3 f on the other commuta 
tor. The amplitude of these vibrations is usually 
Substantially the same for all metals, but can be 
changed by adjusting resistance 59. As the force 
exerted by magnet 45 is changed the acceleration 
of Weight 46 is changed to vary the blow in 
parted by it. 
The vibrating mechanism of Figure 5 per 
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forms in the same manner as that described above 
in connection with magnet 9, 10 except that the 
platform 4 is positively moved both upwardly 
and downwardly. The various projections on 
the commutator of Figure 5 are so arranged that 
one magnet is energized while the other is con 
nected to ground. The magnets are adjusted to 
compensate for the effect of the Springs On the 
platform. 
In the operation of the apparatus to carry Out 

the applicant's method, an ingot Car Containing 
an ingot mold is moved along the tracks 3 to the 
pouring station. While it is there the ingot is 
poured, and the car is then noved along the 
tracks to a point where it can be held during the 
time that the ingot is solidifying. Prior to the 
time that the actual pouring commences the Wi 
brating mechanism of both the primary and Sec 
ondary vibration producing devices is started into 
operation. This mechanism including the coin 
mutators and motor can be located at SOrne point 
remote from the pouring station and connected 
with the conductors 9 on SupportS 2 by Suit 
able wires. Current for energizing the Warious 
magnets is then carried through contacts 8 and 
the trolley to the magnets themselves. Therefore, 
the vibrating mechanism can be operated at any 
position of the cars during the time that the 
ingot is being poured, while it is being moved, and 
during the time that it is solidifying. 
The vertically oriented vibrations that are 

given to the platform and mold by magnet 9, 
is what is known as the primary vibrations, and 
are of relatively low frequency and high ampli 
tude. 
bration has been determined previously for the 
particular metal that is being poured. The Sec 
ondary or high frequency, low amplitude vibra 
tion imparted to the platform and the mold by 
the secondary vibrating device 6 is, as Stated 
above, at least ten times the frequency of the 
first-mentioned vibration and it is applied in an 
unoriented plane. The latter statement means 
that the vibrations are in parted to the platforn 
4 without necessarily being directed in any Spe 
cific direction. If it is possible due to the ten 
perature of the metal being cast, the Vibrating 
device 6 may be attached to the side of the mold 
rather than to the platform 4. In this case the 
high frequency vibration would also be Super 
imposed upon the low frequency, vertically ori 
ented vibration. 
As indicated above, the current Supply should 

be direct current So that Only the frequency 
which is desired is applied to the magnet. If 
alternating current Was used the fluctuations in 
this current when combined With the action of 
the commutator would impress upon the magnets 
an indeterminate frequency Of Operation since 
various resonant conditions would be created in 
the current supply. If desired, a suitable meter 
9 calibrated in terms of amplitude can be con 
nected across the line from One Side of resistance 
35 as shown in Figure 3 of the drawing. The 
annplitude is determined by the amount of en 
ergization of the magnet So that this meter can 
be very readily calibrated in terms of annplitude, 
or the position of the adjusting knob for resistor 
35 can be calibrated in terms of amplitude. The 
frequency can also be determined by means of a 
suitable meter calibrated in revolutions per min 
ute or frequency Which is connected across the 
leads of motor 38, or the adjusting knob for re 
sistance 39 can be calibrated in terms of fre 
quency. The readings given by the two meters 

The frequency and amplitude of this wi 

O 

5 

43 

5 5 

60 

65 

5 

3. 
permit easy adjustment of the amplitude and 
frequency of the vibrations that are to be in 
parted to the ingot mold for any given set of 
conditions. 

It WaS stated above that the frequency and 
amplitude of the primary and Secondary vibra 
tions applied to the ingot mold would vary de 
pending upon the metal or family of metals be 
ing treated. This need only be determined once 
for the metal being poured; after that the ad 
justments of the System can be made from time 
to time as the analysis of the material is changed. 
The proceSS is equally as beneficial on non-fer 
rous metals as it is on ferrous metals. It has 
been used to advantage in the production of alu 
minum ingots, for example. 
The primary or low frequency, high amplitude 

vibrations Serve primarily the purpose of renov 
ing impurities, degassing the metal and reduc 
ing the size of the pipe. The vertically oriented 
Vibrations cause the impurities to separate by 
rising to the top or settling to the bottom of the 
ingot depending upon their relative specific 
gravities. The frequency of the vibration can be 
in the range of from 1,000 to 5000 impulses per 
minute, depending upon the composition of the 
netal being treated. The amplitude of the Wi 
brations can be in the range from 0.02 to 0.125 
inch. 
The Secondary or high frequency, low ampli 

tude vibration is primarily to insure uniformity 
of grain Size and to prevent excessive segrega 
tion due to the effects of the primary vibration. 
This vibration should have a frequency approxi 
mately ten or more times that of the primary 
vibration, and should not be an even multiple 
thereof. The amplitude of the secondary vibra 
tion should be from 0.01 to 0.005 inch. While 
the primary vibration is applied or oriented in a 
Vertical direction, the secondary vibrations do 
not necessarily have to be applied in any par 
ticular plane or direction. For this reason the 
Vibrating mechanism 6 can be mounted on the 
platform 4, as shown, or may be mounted at any 
other point, even on the side of the ingot mold 
itself if the heat thereof is not too excessive. 
As an example, when treating low carbon steel 

alloys the pixilay "Violiation should be from 2000 
to 3000 VibrationS per Iainute at an amplitude of 
one-eighth incil. The Seconday Virations will 
be at a frequency of from 20,000 to 30,000 vibra 
tions per inlinute with an anolitude of 0.01 inch. 

If the metal being treated is to be recast, from 
its ingot form to a final shape only the primary 
Vibration is needed. If, however, the ingots are 
to be used as rolling or forging stock, or for 
Other purposes, both the primary and secondary 
Vibrations are required to obtain the desired 
Inetallurgical characteristics. The cleaning of 
the netal that is obtained predominately by the 
priinally Vibrations is of advantage no ratter 
Vilai use the metal is put to. On the other hand, 
the lefinement of grain that is obtained pre 
dominately by the Secondary vibrations is lost to 
a great extent When the nietal is reinelted. Sini 
lar vibrating mechanism can be used to obtain 
grain refinement when the metal is recast into 
its final Shape. 
From the above it will be seen that I have dis 

closed a Self-contained vibrating mechanism 
that can be inounted oil an ingot car. The elec 
trical mechanism for imparting the energizing 
impulses to the magnets on the car can be mount 
ed in any convenient location and connected to 
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the car in any position thereof without the use 
of mechanical linkages of any kind. 
The invention also describes a method and ap 

paratus whereby metals of various kinds, hoth 
ferous and non-ferrous, nay be treated by the 
use of vibration to cleanse and degas theil, 3S 
well as to refine their metallurgical structure. 
While in accordance with the provisions of the 

statutes, I have illustrated and described the 
best form of embodiment of my invention how 
known to me it will be apparent to those skilled in 
the art that, changes may be inade in the for in of 
the apparatus disclosed without departing fora 
the spirit and scope of the invention, as set forth 
in the appended claims, and that in SOGle cases 
certain features of my invention ray be used to 
advantage without a corresponding use of other 
features. 
What is claimed is: 
1. In apparatus for treating metal, the coin 

bination of a carriage, a platform including 
magnetizable means, to mount Said piatform. On 
said carriage for vertical movement thereon, 
resilient means to maintain Said platfori in a pre 
determined position above said carriage, ineans 
mounted on said carriage to vibrate Said platforn 
vertically relative thereto, separate means on Saidi 
platform to vibrate said platform, and recha 
nism to operate said vibrating ?ieans at different 
frequencies and amplitudes, said carriage being 
provided with wheels for movement along a 
track, said vibrating means being electrorag 
netically operated, means extending along the 
track to carry electric power, and a trolley. On 
said carriage engaging said last In2ined means 
through which power can be transnitted to Said 
vibrating means regardless of the position of 
said carriage on Said tirack. 

2. The combination of claim 1 including means 
to supply power intermittently to said vibrating 
leaS. 
3. In apparatus for treating metal, the con 

bination of a carriage a platform including 
magnetizable means upon which a mold is to be 
placed mounted for vertical movement on said 
carriage, resilient means operative to hold said 
platform a predetermined distance above said 
carriage, electromagnetic means mounted di 
rectly on said carriage to impart vibrations to 
said platform, means to energize said electro 
magnetic means periodically at a predetermined 
frequency, a second electronagnetic vibrating 
means on said platform to vibrate said mold, and 
means to energize said second electromagnetic 
vibrating means intermittently at a frequency 
higher than the frequency at which said first 
mentioned electromagnetic means is energized. 

4. In apparatus for treating metal, the com 
bination of a Support, a platforn including 
magnetizable means mounted for vertical nove 
ment on Said Support, means to conirol Said 
movement, electromagnetic means rigidly mount 
ed. On Said Support having a first and a Second 
terminal to vibrate vertically said platform on 
said support within limits determined by Said 
control ineans, means to connect Said first 
terminal to one side of a suitable power Supply, 
said side also being grounded, and means to con 
nect said second terminai alternately to the other 
side of said power supply and to ground. 

5. In apparatus for treating metal, the Com 
bination of a support, a platform including 
magnetizable means upon which a mold is to be 
placed mounted on said Support for movement 
vertically with respect thereto, means engaging 
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1. ) 
said platform to hold it normally a given dis 
tance from said Support, electionagnetic means 
mounted rigidly on said Support, and operative 
upon energization thereof to in ove Said platform 
with respect to said Suppoi', in opposition to Said 
holding means, said electromagnetic aeans hav 
ing a first and a second terriinal, fileans to coin 
nect, said first terminal to One side of a power 
supply, said side also being grounded, and eans 
to connect, said second tennilial alternately to 
the other side of said power Supply and ground. 

6. The combination of claim 5 including means 
to adjust the amount of power Supplied to Said 
electronaginetic lineas. 

7. The combination of claiza 8 including means 
to control the acceleration of Said platfornin as 
it is being moved. 

8. In apparatus for treating metals, the con 
bination of a movable Support, means to mount 
said support for movement along a predetermined 
path, a platform including magnetizable means, 
means to raount said platform for Vertical move 
ment only on Said Support, electromagnetic 
means mounted on Said Support to move said 
platform relative thereto, a trolley on said Sup 
port having thereon the terminals of Said elec 
troinagnetic means, conductor means located 
adjacent to Said to inting means and engaged by 
the terminals on Said trolley in every position of 
Said support, and ?neans located at a distance 
from Said Support to Supply electrical energy in 
termittently to Said electromagnetic means 
through said conductor means and said trolley. 

9. in an apparatus for treating metal, the com 
bination of a Support, a platform including 
magnetizable heans mounted for vertical move 
ment on Said Support, electromagnetic means 
having a first and a Second terminal and oper 
able to vibrate vertically said platform on said 
Support, Ileans to connect said first terminal to 
one Side of a suitable power supply and the means 
to connect Said Second terminal alternately to 
the other side of Said power supply and to ground, 
Said Second ninentioned means to connect in 
cluding a first ring having Spaced projections 
extending axially fron one side thereof, a sec 
ond ring having Spaced projections extending 
axially therefron, means to mount said rings 
With the projections of one ring received be 
tween the projections of the other ring, means 
to insulate Said rings and projections from each 
other, nieans to rotate Said rings, a first brush 
On Said Second terminal positioned to engage 
Said projections as they rotate, a brush con 
nected to Said other side of said power supply 
and engaging One of Said rings, and a brush con 
nected to ground engaging the other of said 
lingS. 
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