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metal or melt in foundry practice is preferably without 
ELECTRORyAd?f??????? UMp SYSTEM excessive agitation of the melt and without rupture of a 

Richard S. Baker, Northridge, Calif., assignor to protective oxide skin that forms on the surface of the 
North American Aviation, Inc. melt. This oxide skin substantially reduces both the gas 

Fiiied Jan. 2, 1963, Ser. No. 248,935 5 adsorption by the melt and the related accumulation of 
7 Claims. (Cl. 103-1) dross or slag therein. When the oxide skin remains un 

broken and the met transfer is calm, a relatively clean 
The present invention relates to an electromagnetic molten metal results that is suitable for pouring high 

pump system for the transfer of electrically conductive quality castings having a desirable low porosity. Without 
liquids and more particularly to an electromagnetic inter- 10 exacting control provisions, the gravity and siphon 
action pump system for the transfer of high temperature induced transfer flows currently used by modern foundry 
liquid metals. The improved pump system of the present practice substantially increase the probability of high gas 
invention is based upon the principle of operation of my adsorption by the melt since rupture of the oxide skin 
helical rotor electromagnetic pump disclosed in United and excessive agitation of the melt are unavoidable. 
States Patent No. 2,940,393, issued June 14, 1960, and 15 A rotating field electromagnetic pump is particularly 
assigned to the same assignee as the present invention. adapted for the desired calm transfer of liquid metals 
Although conventional mechanical and electromagnetic in modern foundry practice. However, high temperature 

pumps are generally well-known in the prior art, modern liquid metals require an improved field coil winding and 
foundry practice depends primarily on gravity and siphon- rotor geometry which promotes adequate cooling and sub 
induced flow arrangements to transfer liquid metals, par- 20 stantially increases the efficiency of the pump during high 
ticularly very high temperature liquid metals such as temperature pumping. The necessary bearing arrange 
aluminum, zinc, nickel, brass and the like. Conventional ments in rotating field electromagnetic pumps are also 
mechanical pumps for practical reasons have been limited subjected to the high temperature environment. It is 
in modern foundry practice to low temperature, non- desirable to position the bearing arrangements for a rotat 
corrosive liquid metals. These pumps cannot be used for 25 ingfield pump in a region removed from the high tempera 
pllimping high temperature liquid metais since the moving ture environment without sacrificing stability of the rotat 
parts generally formed from iron or steel rapidly de- ing pump components. 
teriorate in the corrosive environment of most liquid Accordingly, it is a primary object of the present inven 
metals. tion to provide an electromagnetic pump system for pump 

Electromagnetic pumps are adapted for use in modern 30 ing electrically conductive liquids, particularly high tem 
foundry practice, particularly in the transfer of conductive perature liquid metals. 
liquids, since there are no moving parts in contact with It is also an object of the invention to provide an elec 
the liquid being pumped. The "magnetic impeller” in an tromagnetic pump system that pumps a liquid metal from 
electromagnetic pump replaces the mechanical impeller beneath the surface of a melt without rupture of the 
of a mechanical pump. Electromagnetic pumps develop 85 protective oxide skin on the melt Surface. 
a pinping force by converting magnetic energy into pres- A further object of the invention is to provide an elec 
Sure energy in accordance with the electromagnetic thrust tromagnetic pump system which transfers the liquid metal 
that is generated by the passage of an electric current, from one location to another without an appreciable in 
either applied or induced, through an electrically conduc- crease in gas adsorption by the melt or related dross 
tive liquid transversely to a magnetic field. The direction 40 formation therein. 
of force acting upon the conductive liquid and the result- Another object of the invention is to provide an elec 
ing liquid motion are determined by the well-known tromagnetic interaction pump system for pumping elec 
three finger rile of electrophysics. trically conductive liquids against the action of gravity 
The major problem in the operation of any electro- by developed electromagnetic forces. 

nagetic pi:m; in modern foundry practice is the vuiler- 45 Yet another object of the invention is to provide an 
ability of the conductors and the insulation in the field electromagnetic pump system that develops a pumping 
winding to high ternsperature. This factor is commonly action by the production of a force on the liquid in the 
the result of high temperatures associated with the liqiud desired direction of flow by an electromagnetic interac 
nneta being pumped. For example, eiectromagnetic con- tion that is produced by the helical geometry of the pump 
duction pumps have relatively heavy conductors or bus 50 rotor. 
ars which serve as electrode connections to the pumping It is also an object of the invention to provide an elec 

Section. These bus bars are generally secured to the tromagnetic pump system with adequate cooling of the 
pinping Section by brazing or welding and are therefore helical pump rotor. 
susceptible to breaking away from the pumping section Yet another object of the invention is to provide an 
when a high temperature liquid metal is being pumped. electromagnetic pump system having an improved bear 
When the bus bars in a conduction pump are formed ing arrangement for the helical pump rotor. 
from materials having better metallurgical properties, An additional object of the invention is to provide an 
lower pump efficiencies result which are frequently no electromagnetic pump system that develops a calm flow of 
greater than 2 cr 3 percent in pinnips having any appreci- liquid metal under pump induced pressure without.com 
able capacity. Linear induction pumps which operate on 60 peX guide vane configurations in the pump liquid flow 
the theory of an induction motor generally require ex- passages. w a 
pensive polyphase field windings. An electrical current is Likewise an object of the invention is to provide an 
induced in the liquid metal being pumped by a magnetic electromagnetic pump system that facilitates accurate 
field set up by alternating currents flowing in windings in control of the flow of a liquid under pump induced 
a magnet structure surrounding the pump section. While 0 pressure. . . . . 
eficient pumping generally results, induction pumps are A further object of the invention is to provide a method 
expensive, structurally expansive, and susceptible to the and apparatus to stir a melt to maintain homogeneity 
high temperature factor. thereof. 
Modern foundry practice, therefore, has had to depend Yet another object of the invention is to provide a 

primarily on gravity and siphon-induced flow arrange- 70 method and apparatus for substantially cleaning pump sys 
ments to transfer liquid metals, particularly the very high tem flow passages of liquid by a reversal of the developed 
temperature liquid metals. The transfer of the liquid electromagnetic forces. 
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Further objects, features and the attending advantages 

of the invention will be apparent with regard to the fol 
lowing description read in connection with the accom 
panying drawings in which: 
FIGURE 1 is a perspective view, partly broken away, 

of one form of the electromagnetic pump system of the 
invention; 
FIGURE 2 is a perspective view of the pump system of 

FIGURE 1 in an operating location; 
FIGURE 3 is a longitudinal section, partly schematic, 

of the pump system of FIGURE l; 
FIGURE 4 is a perspective view of another form of 

the electromagnetic pump system in an operating loca 
tion; 
FIGURE 5 is a perspective view, partly broken away, 

of the pump system of FIGURE 4; 
FIGURE 6 is a longitudinal section, partly schematic, 

of yet another form of the electromagnetic pump System 
of the invention; and 
FIGURE 7 is both a perspective view and a developed 

view of one form of my helical pump rotor as disclosed. 
Briefly, in accordance with one form of the invention, 

an electromagnetic pump system for pumping electrically 
conductive liquids is provided having at least one pump 
region that is juxtaposed between a magnetic helical 
rotor, which sets up a magnetic flux field across the pump 
region and distributes the field in a generally helical curve, 
and a flux return path so that when the rotor is rotated 
by a suitable drive means, the magnetic flux field induces 
electrical eddy-currents in a liquid in the pump region 
that flow in patterns which conform with the helical 
geometry of the rotor and interact with the magnetic 
field to impart desired pumping forces on the liquid in the 
pump region. 

Referring to FIGURE 1, one form of the electromag 
netic pump system of the invention has an outer crucible 
member 10 supported by a plurality of refractory bricks 
12 or the like. The bricks 12 protect the pump system 
components and provide thermal insulation for the pump 
system. A radially extending flange 13 of the crucible 10 
provides a bearing surface or platform for a lip edge 15 
of an inner crucible member 16 that is nested within the 
outer crucible. Both the outer and inner crucibles 10 
and 16 are oriented in a generally vertical alignment 
about a vertical axis. It is contemplated that the certain 
degrees of tilt from the vertical alignment shown by 
FIGURES 1 and 2 also are within the inventive concept. 
A spring clamping means, not shown, can be provided 
to ensure the relative positions of the crucibles i0 and 16 
since the inner crucible 16 may have a tendency to be 
buoyed up when certain liquid metals and their alloys 
are being pumped by the pump system of the invention. 
The outer and inner crucible members 0 and 16 are 

preferably formed from a suitable refractory material 
such as silicon carbide, boron nitride and the like. The 
particular metal or refractory material utilized for the 
flow passages of the pump system is not critical to the 
principle of operation of my electromagnetic pump sys 
tem. The choice of material is a function of pressure, 
type of liquid being pumped, and temperature; the flow 
passages should be particularly adapted to withstand high 
operating temperatures such as those incurred when pump 
ing molten metals like aluminum, zinc, brass and the like. 
While the crucible members i8 and 16 are shown by 
FIGURE 1 as integral, individual units that are preformed 
from a refractory material, it is contemplated that for 
ease of construction and assembly the members 10 and 
16 could be sectionalized, bonded together by a suitable 
mortar or sealing agent, and built up into the generally 
cup-shaped crucible members. 

In the nested arrangement, the outer and inner crucible 
members 10 and 16 are spaced apart to develop a pump 
region or annulus 20 therebetween. The crucible mem 
bers also form an inlet region 21 that communicates with 
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the pump annulus 20. The lip edge 15 of the inner 
crucible 16 develops an outlet region or discharge scroll 
22 that also communicates with the pump annulus 20. 
Suitable spacer members, not shown, may be provided 
between the nested outer and inner crucibles 10 and 16. 
At least one inlet port 25 and one outlet port 26 com 

municate with the inlet region 21 and the outlet region 
22, respectively, as shown by FIGURE 1. The inlet port 
25, while shown in the side wall of the outer crucible 10 
can also be positioned in the bottom wall of the outer 
crucible. Further, the inlet port 25 can be tangentially 
directed with regard to the inlet region 2. It is con 
templated that more than one ingress duct can com 
municate with the inlet port 25 of the pump system so 
that melt can be pumped from one or more levels beneath 
the protective oxide skin on the surface of a melt body. 
The gentle pumping action developed by the electromag 
netic interaction pump system of the invention further 
ensures a clean liquid metal for subsequent pouring with 
out rupturing the oxide skin during pumping. 

If any dross or slag accumulation should occur in the 
pump annulus 20 or its related regions 21 and 22, the 
nested arrangement of the outer and inner crucibles 10 
and 15 facilitates the removal of the inner crucible to 
expose such accumulation for easy cleaning by mechani 
cal tools and the like. However, during pumping, the 
continuous “scrubbing" of the pump annulus 20 by the 
developed pumping action, to be subsequently described, 
minimizes such dross or slag accumulation therein and 
maintains a relatively clean pump annulus at all times. 
Thus the need for mechanical tools to clean the pump 
annulus 20 and the inlet and outlet regions 2 and 22 is 
substantially avoided by the structural arrangement and 
principle of operation of the present invention. Although 
it is not critical to the operation of the present pump 
system, the bottom wall of the outer crucible 10 may 
slope to facilitate drainage of the inlet region 21, the 
pump annulus 20, and the outlet region 22. 
FIGURE 2 shows one form of a structural beam ar 

rangement 30 for the electromagnetic pump system when 
the pump system is positioned adjacent to a melting fur 
nace or hold pot 32 such as those well-known in the 
foundry art. The pump system of the invention can also 
be positioned, for example, between one or more melting 
furnaces and hold pots, or any combination thereof, or 
between separate hearths of one or more reverberatory 
furnaces, or at any other location in a foundry operation 
where it is desirable to transfer liquid metal. 
A prime mover, such as an electric drive motor 35, is 

Supported and positioned by the beam arrangement 30 
above the nested crucible members 10 and 16. A rotor 
shaft 36 is connected to the drive motors 35. The shaft 
36 can be either solid or hollow, the latter being particular 
ly desirable for the introduction of a cooling medium such 
as air to the rotating pump components subsequently de 
scribed. A suitable bearing arrangement 38, more clear 
ly shown by FIGURE 1, rotatably positions the rotor shaft 
36 so that the shaft depends into the cup region of the 
inner crucible 15. The bearing arrangement 38 is posi 
tioned above and external to the volume defined by the 
pump annulus 26 and the inlet region 21. This arrange 
ment 'emoves the bearings from the primary high ten 
perature environment developed during the pumping of 
high temperature liquid metals and permits adequate cool 
ing by the open location. 
A helical rotor 40 is field wound and can be attached 

to or integrally formed with the rotor shaft 36. The 
helical rotor 40, as shown in FIGURE 1, has the form of 
a two-pole electromagnet with pole pieces 42 and 43; 
however, the helical rotor 40 can also have a cruciform or 
any other suitable multipolar form. Both the rotor shaft 
36 and the helical rotor 40 are preferably formed from 
a magnetic material such as mild carbon steel. The heli 
cal rotor 40 is formed with at least one helical thread 45, 
more clearly shown by FIGURE 3. It is desirable that 



w - 3,196,795 

both the pitch of the helical thread 45 and the width of 
the thread crest perfait a separation between adjacent 
thread traces on one side of the rotor 43 to reduce flux 
leakage paths. Further, it is desirable that the helical 
thread 35 have a Slificient trace length to travel approx 
imately tile axial length of the punlp annulus 20 during 
rotation of the lae!ical rotõr 43. 
A field ccil winding 37 is worlind in the thread 25 be 

tween the adjacent poles 42 and 43 of the helical rotor 
(0. Tie field coil winding 47 is preferably formed from 
silicore-impregnated double glass insulated copper wire 
which is particularly adapted for high temperature operat 
ing conditions. For rotor operating temperatures in the 
range 600 F. to 1100 F., nickel-clad copper wire with 
ceramic insulation is preferred. The field winding 47 is 
insulated froin the rotor 49 by means of glass saddles or 
blades, not shown. These also serve to produce ventilat 
ing dicts or fow passages between the rotor and the 
winding. The field coil winding 47 is electrically con 
acted to an external direct current power source, not 
shown, by means of suitable slip rings 49. The field wind 
ing 47 is connected so that adjacent field poles, such as 
pole pieces 42 and 43, produce magnetic poies of opposite 
polarity. All the turns of the field coil winding 47 on 
each pole piece 42 and 43 act along the same axis, there 
by concentrating the magnetomotive force. This makes 
the helical rotor electronagnietic pump particularly suit 
able for use where the punip annulus 20 must be relatively 
inick-waiied. The slip rings 49 are corinected through 
suitable brushes and leads to the external power source. 
A plurality of clamping strips or bands 50-52 retain the 
field ccil winding á7 within the he!ical thread 45. 
A protective acket 55 can be secured to and generally 

enclose the helical rotor 49. The jacket 55 is preferably 
fo: a cd from a suitable material such as stainless steel 
3rd protects the field coil winding 47 from the effects of 
high tentiperature operating conditions when handing mol 
ten metals. Based upon design parameters, additional 

transfer barriers, in addition to the jacket 55, can be 

rotor 40, and the field winding $7, depend 
the generally clip-shapcd interior of the inner 
Per 16 with the pump annullus 20 generally 

jacent to the helical rotor 33. The pump annulus 
23 j3 tot in fluid communication with the rotating compo 
renis. The mechanically retating corponents therefore 
aí e rr:t wetted by direct immersion in the liquid metai 
tict is being ::m,2d. The gecietry of the helical rotor 
23 and the field coil winding $7 coinpleinents the cup 
sha;ed inner crucible member 5 and provides an unob 

low of coing air to the rotating pump compo 
aintaining a total nominal air gap which in 

cific,y. 
initially constructed nagnetic structure 58 is arranged 

circumjacent to the pump region or animulus 29 and pro 
vides a fiux return path to improve the over all pump sys 
tem efficiency by reducing leckage fix. The magnetic 
structure 58 is preferably built-up from a plurality of 
laniinations formed from a good grade of magnetic mate 
rial as silicon Steel which nay be individually coated with 

suitable insiating material. It is generally desirable, 
particit larly when punising high temperature liquid metals, 

maintain the magnetic structure 58 at a tenperature 
is c3s than the Curie temperature of the laminations. 
Ooing medium, Such as air, is introduced to the nag 

netic structure 5S from an external source, not shown, 
through at east one inlet conduit 59. A plenum region 
or tute 6' distributes the cooling air to a plurality of 
similar circuinferentially spaced ducts 62, and then ex 
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6 
hausts the cooling air from the magnetic structure through 
at least one discharge pipe 63. 

In operation, the field coil winding 47 of the electro 
magnetic pump system shown by FIGURE 1 and 2 is 
energized from the direct current power supply, not shown, 
so that the helical rotor 43 as a source of magnetic flux has 
alternate north and south polarities skewed circumfer 
entially and axialiy relative to the axis of rotation of the 
helical rotor. The helical rotor 40 is not homopolar in 
Iny helical rotor pump since the opposing north and south 
polarities clevelop related opposite polarities in the regions 
inhimediately adjacent to the rotor shaft 36. The magnetic 
flux field set up by the energization of the field winding 
47 is nore clearly shown by FIGURE 3. The magnetic 
flux field passes from the skewed north poles of the helical 
rotor 48 through the pulp annulus 20 and the conducting 
iiquid therein to the flux return path provided by the mag 
Inetic structure 58. The magnetic field divides into at 
least two flow paths, each of which returns to the regions 
immediately adjacent to the skewed south poles of the 
helical rotor 43. The flux field then passes back through 
the purp annulus 2i) to the south poles. The direction 
of the magnetic flux field in the pump section 20 is sub 
stantially radial to the axis of rotation of the helical rotor 
49, and is distributed in flux patterns or paths that de 
fine at least one generally helical curve about the rotor. 

Rotation of the energized field wound helical rotor 40, 
for example, in a counter-clockwise direction, i.e. from 
left to right as viewed in FIGURES 1 and 2, develops a 
variance in the magnetic flux field across the pump re 
gion or annuius 20. Referring to FIGURE 7, this vari 
ance induces voltages such as along current paths A-B 
and C-D in the pump annulus 20 in accordance with the 
right-hand rule of electrophysics. These voltages interact 
With the magnetic field to produce the electromagnetic 
thrust or force F on the conducting liquid in the pump 
annulus 28 in accordance with the left-hand rule of elec 
trophysics. My helical rotor pump develops the resultant 
vector force F that has both axial and circumferential 
vector components, fa and f respectively. The develop 
ment of the axial component fa permits the use of a par 
tionless pump region Such as pump region 20 shown by 
fi& GURE 1, since the axial component f imparts a de 
sired velocity V to the conducting liquid and results in 
axial liq:lid flow through the pulp region under pump in 
duced pressi: res. the forces, such as force F, that are 
impressed upon the liquid metal in the pump annulus 20 
of FiGURE 1 nove or punlp the liquid metal from the 
in let port 25 to tie outlet port 26. The movement of the 
liquid metal in the pirp annulus 23 will continually 
“scrub” or fi:h the an falus of any dross or slag accumu 
lation therein. Whip or rout characteristics of the de 
pending punap caiponents also are minimized by the en 
ergization of tie fied winding 4 which assists in obtain 
ing virtually vibrationless running characteristics of the 
rotating pump components. For example, in one test 
run, .004 inch runo.it or variance from the vertical axis 
of rotation was observed for the rotating p: np compo 
neints without field energization. When the field winding 
47 was energized, the magnetic field set up by thic helical 
rOtOir metry significantly reduced the runout to .002 
inch. 

ihe directionalized lahinar flow of the molten netal. 
under the pump induced pressures created by the de 
scribed electromagnetic forces provides a relatively can 
liquid flow from the outlet port 26 with a minimum of 
turbulence. While the outlet port 26 is tangentially di 
rected to the outlet region 22 and contributes to the calm 
flow, the tangential attitude is not critical to the operation 
of the pump systern of the invention. 
The introduction of the pumped metal from the dis 

charge or outlet pot 26 to a closed conduit 27 for trans 
fer to another location also reduces the probability of ad 
ditional gas adsorption and related dross accumulation by 
the melt. If necessary, the conduit 27 may be suitably 
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insulated or heated to minimize temperature losses in the 
liquid metal during transfer. Thus, the pumped metal 
flows under pump induced pressure at a near optimum 
pouring temperature without requiring additional heating 
in a subsequent holding or pouring ladle, not shown. The 
liquid metal also can be pumped at the near optimum 
pouring temperature without requiring prior overheating 
in the melt body to compensate for subsequent tempera 
ture losses during transfer such as those experienced in 
the known prior ait pump systems. 

Accurate successive or continuous flow of liquid metal 
under pump induced pressures is achieved by control of 
either the drive motor 35, the energization of the field 
winding 47, or both, so that measured flow and instanta 
neous stoppage of the calm liquid flow from the pump 
system of the invention is possible. For example, in one 
pump system formed in accordance with the invention, a 
25 ampere field current was maintained in the field wind 
ing 47 when the drive motor 35 was stopped. A prior 
3000 gallons per minute discharge flow from the pump 
system rapidly decreased to zero flow with a time constant 
of three seconds. The field current was turned off only 
after the discharge flow of liquid metal had terminated. 
Known gravity or syphon transfer arrangements re 

quire approximately one hour to transfer 40,000 pounds 
of a liquid metal, such as aluminum, with no assurance 
of a calm metal flow. One of my electromagnetic pump 
systems pumps 500 gallons per minute and transfers 600,- 
000 pounds of aluminum in one hour; the transfer being 
accomplished with a calm laminar flow and under pump 
induced pressure against the effects of gravity by use of 
the previously described electromagnetic forces. 
The electromagnetic pump system particularly shown 

by FIGURES 1 and 2 will pump 2620 gallons per minute 
at a developed pressure of 31.5 p.s. i. when the helical 
rotor 40 is driven at 374 r.p.m. with a direct current input 
to the field winding 47 of 28 amperes total at 200 volts. 
When the rotor is driven at constant speed, the discharge 
flow from the pump may be varied by a field rheostat in 
series with the direct current power source for the field 
winding 47 to obtain a smooth, stepless variation of flow 
and pressure. 
A simple reversal of the drive motor 35 provides re 

verse travel of liquid in the pump region or annulus 20 
to rapidly clean the discharge port 26, conduit 27, and 
related flow passages of liquid metal. This avoids Solidi 
fication of liquid metal in the flow passages during pe" 
riods when no liquid flow is desired. 
FIGURES 4 and 5 show another form of the electro 

magnetic interaction pump system of the present inven 
tion. The principle of operation is similar to the plimp 
system shown by FIGURES 1 and 2. The pump system 
shown by FIGURES 4 and 5 operates in a partly sub 
merged position in a liquid metal pool or body of melt 
65. The melt 65 may be contained by suitable bricks 
66 or other suitable structure common to foundry prac 
tice. 
FIGURE 4 shows one form of a structural beam ar 

rangement 68 positioned generally above the melt 65 and 
bearing upon the bricks 66. Other support arrangements 60 
are also contemplated to be within the concept of the 
pump system being described and the arrangement 68 
shown by FIGURES 4 and 5 is not critical. A support 
ring 70 is retained by the beam arrangement 68 and en 
gages a radially extending flange portion 72 of an outer 65 
channel portion 73. The outer portion 73 is spaced from 
and circumjacent to an inner crucible portion 75 to de 
velop a pump region or annulus 16therebetween. 
The outer and inner portions 73 and 75 respectively 

are shown by FIGURE 5 as an integral unit either pre- to 
formed from metal or a suitable refractory material such 
as those materials previously described. It is again con 
templated that for ease of construction and assembly the 
portions 73 and 75 can be sectionalized and built up into 
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8 
desired, suitable spacer nembers, not shown, can be 
provided between the outer and inner portions. 
The structural beam arrangement 68 also supports a 

prime mover, such as an electric motor 78, with a de 
pending rotor shaft 79 connected thereto. A field wound 
helical rotor 80, similar in all structural aspects to the 
field wound helical rotor 40 shown by FIGURES 1 and 2, 
is secured to or integrally formed with the rotor shaft 79. 
The helical rotor 80 depends into the inner crucible por 
tion 75 so that the pump annulus 76 is generally cir 
cumjacent to the rotor. 
A magnetic structure 84 provides a return path for 

the magnetic flux field set up by the magnetic rotor. The 
magnetic structure 84 is positioned within the outer chan 
nel portion 73 and is preferably formed from a plurality 
of mild steel laminations. The magnetic structure 84 
may also be supported from the beam arrangement 68 to 
reduce the loading on the outer channel portion 73, par 
ticularly when the channel portion is formed from a re 
fractory material. Secondary insulating barriers 86 and 
87, formed from asbestos or the like, are positioned be 
tween the magnetic structure 84 and the walls of the outer 
portion 73 to reduce the heat transfer from the melt 65 
to the magnetic structure 84. A cooling medium, such 
as air, is introduced to the magnetic structure 34 through 
an inlet conduit 90 to maintain the laminates below their 
Curie temperature. The cooling air passes from the inlet 
conduit 90 to a plenum region or tube 91 and then ex 
hausts from the magnetic structure 84 through a plurality 
of cricumferentially spaced ducts, such as duct 92. It is 
contemplated that additional heat transfer barriers, 
similar to heat barriers 86 and 87, may be positioned 
within the inner crucible portion 75 between the pe 
riphery of the helical rotor 80 and the walls of the inncr 
portion 75. 
The pump annulus 76 is open to the melt 65 on a plane 

that is suitably spaced from the hearth or pot bottom 94. 
Ingress of molten or liquid metal to the pump section 76 
during operation of the pump system, shown by FIG 
URES 4 and 5, develops a gentle swirling or stirring ac 
tion in the melt 65 which assists in maintaining a homo 
genous melt and aids in the escape of absorbed gases in 
the melt without rupture of the protective oxide skin 95 
on the melt surface. 

Operatively, the electromagnetic pump system shown 
by FIGURES 4 and 5 develops a pumping action similar 
to that previously described with regard to the pump 
system shown by FIGURES 1 and 2. The electromag 
netic forces developed within the pump section 76 upon 
the electrically conductive liquid therein are in accordance 
with those forces previously described and effect the 
lifting and conveying of the liquid metal to an outlet or 
discharge conduit 97. 
FIGURE 6 shows yet another modification of the 

electromagnetic interaction pump system of the inven 
tion. Again the theory and principle of operation is 
similar to that previously described with regard to the 
pump systems of my invention as shown by FIG 
URES 1-5. 
The helical rotor 100 is positioned generally circum 

jacent to a pump region or annulus 102 as shown by 
FIGURE 6. A magnetic structure 103, structurally 
similar to those previously described, is positioned within 
an insulating core member 104 and provides a flux return 
path means. The core member 104 is centrally posi 
tioned within the volume defined by the pump annulus 
102 by a plurality of spacer members similar to spacer 
member 05. 
An external drive means, such as an electric motor 110, 

rotates the helical rotor 100 through a suitable power 
transmission means, such as the intermeshing spur gear 
arrangements 112 and 113. The power transmission 
gear arrangements are not critical to the operation of the 
inveniton and are shown only as an illustration of Suit 

the general configuration as shown by FIGURE 5. If 75 able arrangements. 
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A field winding 120 threaded on the skewed poles of 
ths helical rotor 100 is energized from an external direct 
current power supply, not shown, through well-known 
leads and brushes cooperating with suitable slip rings 22. 
When the field winding 23 is energized and the helical 
rotor 39 driven by the drive notor 3, the electrically 
conductive liquid in the pump annulus 202 moves from 
an inlet port 25 to an outlet port 26 by the forces im 
parted in the pump annulius. 
The electromagnetic pump system shown by FIGURE 

6 is particularly adapted for operation in a horizontal 
orientaiton. However, it is contemplated that the pump 
systern can be used in a generally vertical orientation such 
as shown for the pump systems of FIGURES 1 and 5. 
The helical rotor electronagnetic pump systems, as 

shown and described, offers distinct advantages over 
known nechanical pinp Systems and other electromag 
netic pump systems, i.e. induction and conduction pumps. 
The helical rotor pump system has (1) no moving parts 
in contact with the liquid being pumped, (2) no seas or 
stuffing boxes required, and (3) operability in either hori 
zontal or vertical orientation. 

In addition, the helical rotor plinp system of the in 
venticn offers several utique features: flow rates are 
easily varied; highly eficient operation; reduced entrance 
losses so that the pump system can operate at low net 
positive suction with cavitation; large running clearances 
between tine roïating planap componerts and the pump re 
gion coiponents; concentrated fed wiriding sets up a 
strong magnetic field across a wide gap which makes it 
possible to u Se a thick-w/ailed pump channel or region; 
operational flexibili:y since the rotating punap compo 
nents are not Secured to the piiri region coinponents; and 
no capacitors are required for power factor correction 
since direct current is preferably used to set up the mag 
netic field. 
As will be evidenced frem tille fofasgoing description, 

certain aspects of the invenien are not iiiinited to the par 
ticular details While the of construction as iStrated. 
Source of magnetic fux is shown by FIS JRES 1-6 as a 
helical rotor wiin a field windig suitably energized, the 
Inagnetic flux can be develop2d by Suitably arranged 
permanent agrets skewed to form a helical rotor, or by 
a combination of electrainagnets and pernament magnets. 
A skewed or helicai partianent in agnet rotor as a Source 

ticular se in Smail puin p Systems of nagnetic fiX as 
to develop the nignetic forces on the liquid being 
pu'rped. «X her Modifications and 

iect in the art. Ac 
it is contentiated that ot 

applications V,ii cccur to to3e s 
cordingly, it is is fenced that the appanded claims shal 
cover sich modifications and applications that do nict 
depart from the trile spirit and scope of the invention. 

Having described Iny invention, what I claim and de 
sire to secure by Letters Patent of the United States is: 

2. An electromagnetic pump System for pumping elec 
trically coductive liquids comprising: 

(a) first and second generally cup-shaped members, 
(b) a rim portion on said first cup-shaped member 

cooperating with a rinn portion on Said Second cup 
shaped member to nest said first member within Said 
second member in a spaced apart relationship to 
each other, 

(c) a pump region developed between said first and 
second members, 

(d) at least one inlet port to said pump region in 
said second member, 

(e) at least one outlet port form said pump region, 
(f) a field wound helical rotor rotatably positioned 

within said first cup-shaped member and Spaced 
therefrom to define a coolant flow path, 

(g) support means for said helical rotor including a 
bearing arrangement removed from Said first cup 
shaped member, 

(h) flux return path means circumjacent to said pump 
region, 
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(i) cooling means for said flux return path, 
(j) means electrically connecting said field wound 

rotor to a power source to set up a substantially 
radial magnetic flux field across said pump region 
distributed in at least one helical curve about said 
rotor, and 

(k) drive means to rotate said helical rotor so that 
the magnetic field induces eddy-currents in a con 
ductive liquid in said region which flow in paths that 
conform with the helical geometry of said rotor 
means and interact with the magnetic field to impart 
pumping forces on the liquid. 

2. The pump system of claim 1 in which said pump 
region is an annulus. 

3. The pump system of claim 1 in which said cup 
shaped members are formed from a suitable insulating 
material. 

4. An electromagnetic pump system for pumping elec 
trically conductive liquids comprising: 

(a) an inner crucible portion, 
(b) an outer channel portion generally circumjacent 

to said inner portion and spaced therefrom, 
(c) a pump region developed between said inner and 

outer portions, 
(d) at least one outlet port from said pump region, 
(e) a field wound helical rotor rotatably positioned 

within said inner crucible portion and spaced there 
from to develop a coolant flow path, 

(f) support means for said helical rotor and said 
inner and outer portions including a bearing ar 
rangement removed from said inner and outer por 
tions, 

(g) flux return path means positioned within said out 
er channel portion, 

(h) cooling means for said flux return path, 
(i) means electrically connecting said field wound 

rotor to a power Scurce to set up a substantially 
radial magnetic flux fluid across said pump region 
distributed in at least one helical curve about said 
rotor, and 

(j) drive means to rotate said helical rotor so that 
the magnetic field induces eddy-currents in a con 
ductive liquid in said region which flow in paths that 
conform with the helical geometry of said rotor 
means and interact with the magnetic field to im 
part pumping forces on the liquid. 

5. The pump System of claim 4 in which said pump 
region is an annulus. 

6. The pump System of claim 4 in which said cup 
shaped members are formed from a suitable insulating 
material. 

7. An electromagnetic pump system for pumping elec 
trically conductive liquids comprising: 

(a) a central core member, 
(b) flux return path means positioned within 

core member, 
(c) a field wound helical rotor rotatably positioned 

circumjacent to said core, 
(d) a pump region juxtaposed between said helical 

rotor and said flux return means, 
(e) at least one inlet and outlet port from said pump 

region, 
(f) means electrically connecting said field wound 

rotor to a power source to set up a magnetic flux 
field across said pump region, and 

(g) drive means to rotate said helical rotor so that 
the magnetic field induces eddy-currents in a con 
ductive liquid in said region which flow in paths 
that conform with the helical geometry of Said rotor 
means and interact with the magnetic field to impart 
pumping forces on the liquid. 

said 

(References on following page) 

  



1,307,210 
2,099,592 
2,658,452 
2,669, 183 
2,669,931 
2,698,127 
2,836,637 
2,847,936 

3,196,795 
1. 

References Cited by the Examiner 
UNITED STATES PATENTS 
6/19 
11/37 
1/53 
2/54 
2/54 
12/54 
5/58 
8/58 

Newcomb -------------- 103-1 
Bender ---------------- 103-1 
Donelian -------------- 103-1 
Godbold –------------- 103-1 
Godbold –-------------- 103-1 
Bowlus –--------------- 103-1-? 
Spagnoletti ------------- 103-1 
Richter ---------------- 103-1 

2,871,533 
2,903,495 
2,915,973 
2,940,393 
3,084,629 

823,110 

2/59 
9/59 
12/59 
6/60 
4/63 

12 
SWainSOn --------------- 13-33 
Dickson --------------- 13-33 
Findlay ---------------- 103-1 
Baker ----------------- 103-1 
Yevlick ----------------- 103-1-? 

FOREIGN PATENTS 
1 1/59 Great Britain. 

LAURENCE V. EFNER, Primary Examiner. 


