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8 Claims.

This invention relates to electric heating units,
and more particularly to enclosing such units in
cast metal. The invention aims to provide an
improved method of casting metal around an elec-
tric heating unit so that the unit is enclosed in a
sound casting of metal. More particularly, the
invention aims to provide an improved method of
integrally casting an electric heating unit with
the body of a cast metal utensil. A further ob-
Ject of the invention is the provision of an im-
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proved heating unit completely e.xclosed in a layer

of cast metal excépt for the outer ends of its ter-
minal connectors. :

The invention will be best understood from the
following description taken in conjunction with
the accompanying drawings, in which

Fig. 1 is a sectional plan of the heating unit,
only part of the cast metal covering being shown,

Fig. 2 is a sectional elevation through the cen-
ter of the unit, with only part of the cast metal
covering shown,

Fig. 3 is a sectional elevation of the unit in an
intermediate stage of its manufacture,

Fig. 4 is an elevation of a utensil embodying the
unit as an integrally cast part thereof, and

Fig. 5 is a diagrammatic explanatory view of
the mounting of the unit in a mold.

The heating unit comprises a molded base 10
of cement-like insulating material. The base is
relatively shallow and generally circular in shape
with a terminal section (1 at one side. Each flat
face of the base has an integral spiral rib or pro-
tuberance {2 and a peripheral wall {3, the wall
being substantially higher than the rib. Electri-
cally conductive heating elements 14 and 15 are
positioned in the spaces or valleys between the
convolutions of the spiral rib on each face of the
base. The elements 14 and 15, on each face of
the base, are embedded in and covered by a tem-
perature-resistant cemental insulating material
16. The spiral rib 12 and heating elements (4
and 15 occupy, in effect, a recessed portion of the
base face, and this recessed portion is filled to the
top of the peripheral wall 13 with the cemental
material 16. The heating unit is covered by a
thin and impervious coating {T of temperature
resistant mortar.

Three terminal plugs protrude from the ter-
minal section 11, The high temperature heating
element (4 (of relatively high conductivity) is
electrically connected between one end terminal
plug 18 and the center terminal plug 19, and the
low temperature heating element 15 (of relatively
low conductivity) is electrically connected be-
tween the two end terminal plugs 18 and 20, The
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heating unit is integrally cast into the bottom 21
of a metal cooking or other utensil, such, for ex~
ample, as the casserole 43’ illustrated in Fig. 4.
The heating unit is completely surrounded by and
enclosed in the cast metal with only the protrud-
ing terminal plugs exposed. Hence the utensil
can be submerged in hot water and washed, like
an ordinary utenstl, without danger of wetting the
heating unit.

The base 10 s molded between suitably shaped
dies. 'The base should possess sufficient mechani-
cal strength to support the heating elements and
to permit, without e¢racking or crumbling, the ma-
chining hereinafter described. It should also be
highly heat-resistant, have good electrical insu-
lating properties, and its coeficient of heat expan-
sion should be approximately the same as that of
the metal of which the utensil is cast. Where
the utensil is made of aluminum, I have found a
mixture of about equal parts of Portland cement
and finely ground slate (approximating the par-
ticle size of granulated sugar) very satisfactory.
The cement and ground slate are mixed with wa-
fer to a consistency that can be poured into the
bottom part of the die or mold.

In molding the base (8, three terminal connec-
tors are secured in proper positions within the
lower part of the die. " Each connector comprises
8 stud 22 of brass or equivalent metal of high
electrical conductivity and heat resistance. The
outer end of the stud is externally threaded and
has a threaded bore 23, and its inner end is flat-
tened so that one end of a brass or equivalent
metal strip 24 can be fastened thereto by a screw
25. The other end of the strip 24 is provided with
a screw 26. A frustrum-shaped insulator 27 is
screw-threaded on and cemented to the outer
threaded end of the stud 22, with its smaller face
flush with the end of the stud. The insulator 21
should have high heat-resistance and be capable
of withstanding the hot molten metal in the cast-
ing of the utensil, and should furthermore be im-
pervious to water. American lava has been found
a suitable material for the purpose. The con-
nector assemblies may be conveniently held in po-
sition within the lower part of the die by bolts
suitably secured to the die and threaded into the

" bores 23 of the studs 22. 'The connector assem-
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blies are so positioned that the inner and larger
faces of the insulators 27 will be approximately
flush with but firmly attached to the end face of
the terminal section It of the molded base.

The die parts are preferably dipped in molten
parafin preparatory to molding in order to facili-
tate subsequent separation of the molded base
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therefrom. The molding mixture of cement and
ground slate is poured into the lower part of the
die and completely surrounds and embeds the
studs 22, screws 28 and strips 24. The heads of
the screws 26, however, are not embedded in the
base, but protrude above it when molded. The
top of the die is then forced under appropriate
pressure onto the top of the molding mixture.
When set the molded base is removed from the
die and dried. The dried base is then soaked in
a dilute solution of sodium silicate (water glass)
at a temperature of about 190° F. for 24 hours.
It is then drained, washed and dried. The sodi-
um silicate treatment increases the mechanical
strength of and hardens the base, and may to
some extent reduce its porosity.

The central hole 28 of the base is preferably
formed in molding, and the other holes are
drilled, the sodium silicate treatment of the base
enabling such drilling to be done without crack-
ing or crumbling. Holes 29, on opposite sides of
the central hole 28, are provided for the passage
of the heating elements {4 and I5 from one face
of the base to the other. One end of the high
temperature heating element t4 passes down
through a hole 30 in the terminal section, up
through a hole 31 and is secured to the center
strip 24 by its screw 28 (Fig. 1). The correspond-

(>3

ing end of the low temperature heating element -

i5 is secured to the adjacent end strip 24 by its
screw 26. The other ends of the heating elements
pass upwardly, from the lower face of the base,
through the holes 32 and are secured to the other
end strip 24 by its screw 268. The heating unit
illustrated in the drawings is particularly de-
signed for use in the casserole of Fig. 4, and gives
two cooking heats, one of high temperature in
the neighborhood of 450° F., for baking etc., and
the other of low temperature in the neighborhood
of 212° F., for boiling, stewing etc. Thus, when
the terminal plugs 18 and 19 are connected to
the source of electric energy only the high tem-
perature heating element i4 carries electric cur-
rent, and the predetermined high heat is ob-
tained. When the terminal plugs 19 and 20 are
connected to the source of electric energy, the
heating elements {4 and (8§ are connected in
series and the predetermined low heat is
obtained.

The heating elements are preferably made of
Nichrome or equivalent resistance wire, appro-
priately coiled to give the desired length of re-
sistance conductor, and the two elements occupy
alternate valleys on both faces of the base. In
assembling, the coiled wire elements are conven-
iently held in the valleys by & 4-armed star-
fixture operatively held in the spaced recesses 33
of the peripheral wall 13. When the elements are
.assembled, they are cemented to the base by
patches of cemental insulating material 16 be-
tween the arms of the fixture, and when the
cemental material has set, the fixture is removed.

Near the outer end of the terminal section {1,
o hole 34 is drilled through the top of the base
into the threaded bore 23 of each stud 22. Two
or more holes 35 are drilled through the terminal
section. With the heating elements assembled
and cemented to the opposite faces of the base
as hereinbefore described, a thin layer, say #% to
P¢ inch thick, of melted paraffin wax 36, or equiv-
alent material of low melting temperature, is
poured over the top face of the terminal section
completely covering the holes 34 and 35, and per-
mitted to harden (Fig. 3). The bottom face of
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4
the terminal section is then similarly covered
with a thin layer of paraffin wax 36.

Each face of the base, including the wax layer
36 of the terminal section, is then covered up to
the top of the peripheral wall 13 with the cemen-
tal insulating material i6. This material may
advantageously be an Alundum cement, which
is characterized by its high melting tempera-
ture, high electrical resistance, and good heat
conductivity. The heating unit is then placed
in an oven with the terminal section down and
heated to a sufficiently high temperature to melt
the paraffin wax layers, and the melted wax flows
out through the bores 23 of the studs 22, leaving
on the face of each terminal section a shallow
void or air pocket 3¢’ communicating with one
another through the holes 35, and with the bores
23 through the holes 34. 'The unit is then placed
in a furnace and heated to a temperature of
about 1400° F. This furnace treatment merely
involves heating of the unit to the stated tem-
perature, and cooling down without any special
precautions.

Following the furnace treatment, the unit is
covered, by painting or otherwise, with a. thin
coating or film 11 of a fire-brick mortar. Silli-
manite is admirably adapted for the purpose, and

~in the form of a fine powder is mixed with water

to the ¢copsistency of paint, and applied by brush,
spraying or “other convenient manner. The
painted unit is then again heat-treated at a
temperature of about 1400° F., the treatment
consisting in heating the unit to the stated tem-
perature, and cooling. The bhaked coating of
fire brick mortar paint 17 covers the entire unit,
with the exception of the protruding insulators
21, and forms an impervious covering for the
unit.

The completed heating unit is appropriately
secured within the mold in which the utensil is
to be cast. The terminal section I{ of the unit
is uppermost and is advantageously attached to
a chill block 31 (Fig. 5) by a bolt 38 extending
through a center hole in the block and threaded
into the bore 23 of the center stud 22. The chill
block has a hole 38 on each side of the center hole
aligned with and communicating respectively
with the bores of the two end studs 22. The chill
block forms in effect a wall of the mold opposite
the end face of the terminal section and is flush
with the common plane of the outer faces of the
three insulators 21. Any suitable mold may be
used for casting the utensil, and, merely by way
of example, a sand mold 48 is diagrammatically
shown in Fig. 5. The molten metal, preferably
aluminum, enters the mold through two or more
gates near the bottom, and completely covers and
encloses the heating unit, the metal of this en-
closure being integral with that of the utensil
proper. Thus, the heating unit is completely
enclosed in metal integrally cast on the bottom
of the utensil. During casting, the central hole
28 of the heating unit is fllled with molten metal
which upon solidification forms a center anchor-
ing bolt 21’ for the unit integrally united with
thet metal enclosing the opposite faces of the
unit.

One of the difficulties heretofore experienced
in attempts to enclose the heating unit in a cast
metal covering integral with the utensil is the
development of blow holes or cracks in the metal
enclosure of the heating unit. Attempts to sub-
sequently close such blow holes by welding have
not been successful. These blow holes appear to
be cause by the expansion of air within the pores




9,483,058

5

or Interstices of the base or other cemental parts
of the unit. For example, I have found that sub-
stantially 30% of the volume of the molded base
{0 consists of voids or pores filled with air. Pre-
heating of the base, prior to molding, will drive
out some of this air, but enough still remains to
cause serious trouble by expansion at the high
temperature of the molten casting metal. In ac-
cordance with the present invention, expanding
air in the interstices of the base 10 is vented dur-
ing casting through the holes 39 of the chill block.
As the temperature of the base rises during cast-
ing, the air in the interstices expands and is forced
into the shallow pockets 36’ and thence through
the holes 34 into the venting holes 39 of the chill
block. In this manner the expanding air escapes
during casting to such an extent that no unduly
high air pressure exists within the base 10, and
the molten metal flows freely around and com-
pletely encloses the heating unit, except for the
outer ends of the apertured connectors and the
outer faces of the insulators 21 in contact with
the adjacent face of the chill block (Fig. 5).
Upon cooling and removal from the mold, the
heating unit is enclosed in a sound metal cast~
ing, without cracks, blow holes or other imper-
fections, integrally united with the cast utensil.
Venting of the air during casting is facilitated
by positioning the terminal section of the base
uppermost in the mold, so that the holes 39 serve
as vertical chimneys for the escaping air.

When the cast utensil has been removed from
the mold the end face of the terminal section I
will be covered with metal to a plane flush with
the outer faces of the Insulators 21. The base
or inner ends of the threaded bores 23 are now
filled to a depth beyond the holes 34 with plugs
41 of iron oxide cement, such as smooth-on-
cement or the like (Fig, 2). The cement is
tamped or hammered into the bores and when
hardened provides an impervious and water-proof
seal for the holes 34 and the communicating air
pockets 36’. The terminal plugs 8, 19 and 20
are then screwed into the hores 23 of the three
studs 22, and porcelain feet 42 are suitably at-
tached to the bottom of the cast metal enclosure
of the heating unit.

The method of the invention enables the en-
closure of the electric heating unit in a sound
metal casting with practially no failures. Paraf-
fin wax has a melting temperature of about 110-
150° F., and while I have used it with complete
satisfaction and success as the material of low
melting temperature, the venting air pockets 36’
may be formed by evacuating similar thin layers
of other waxes and the like of equivalent low
melting temperature, say from 100 to 200° F.
The unit itself is rugged, durable and practically
indestructible, and its cast metal covering ren-
ders it completely waterproof. The utensil, with
which the unit is integrally united, can be im-
mersed in water and washed like any common
non-heated utensil. The detachable terminal
plugs may be readily replaced when bent, burned
or otherwise damaged, and they are the only parts
of the heating unit that may require renewal in
ordinary usage.

Iclaim:

1. The method of casting metal around an
electric heating unit, which comprises making
up the unit of an outer cemental covering and
a conductive heating element mounted on an
inner insulating base having at least two aper-
tured connectors for the element and forming
between the base and covering an air pocket in
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communication with the aperture of one of said
connectors, securing the unit to a chill block
of a mold with the connector apertures register-
ing with passages extending through the chill
block, the unit being secured to the block by a
bolt extending through one passage and threaded
into the registering aperture and the aperture
in communication with said air pocket register-
ing with another passage in the block, and in-
troducing molten metal into the mold and around
the unit and venting from said pocket through
said communicating aperture and passage air
occluded in the interstices of said base whereby
the metal upon cooling forms a sound casting
around the unit.

2. The method of casting metal around an
electric heating unit made up of an outer in-
sulating covering and a conductive heating ele-
ment mounted on an inner insulating base, which
comprises forming between said base and cover-
ing an air pocket in communication with an
aperture extending to the exterior of the unit,
mounting the unit within a mold having a pas-
sage through a wall thereof with the passage
in communication with said aperture, intro-
ducing molten metal into the mold and around
the unit and venting from said pceket through
sald aperture and passage air occluded in the
inferstices of said base whereby the metal upon
cooling forms a sound casting arcund the unit,
and introducing sealing material into the com-
munication between said pocket and aperture
to seal the communication against entry of water.

3. The method of casting meta] around an
electric heating unit, which comprises making
up the unit of an outer cemental covering and
a conductive heating element mounted on an
inner insulating base having an apertured con-
nector for the element and forming between the
base and covering an air pocket in communica-
tion with the aperture of said connector, secur-
ing the unit to a chill block of 3 mold with the
connector aperture registering with g passage
extending through the chill block, introducing

5 molten metal into the mold and around the unit

and venting from said pocket through said aper-
ture and passage air occluded in the interstices
of said base whereby the metal upon cooling
forms a sound casting around the unit, and seal-
ing the communieation between said pocket and
aperture. E

4. The method of casting metal around an
electric heating unit made up of an outer ce-
mental covering and a conductive heating ele-
ment mounted on an inner insulating base, which
comprises including between said base and cov-
ering a layer of a substance of low melting tem-
perature overlying the inner end of an aper-
ture in the base extending to the exterior of
the unit, melting the substance of said layer
and evacuating the molten substance through
said aperture thereby forming an air pocket be-
tween said base and covering communicating
with said aperture, mounting the unit within a
mold having a passage through a wall thereof
with the passage in communication with said
aperture, and casting a molten metal around the
unit in the mold while venting from said pocket
through said aperture and passage air occluded
in the interstices of said base whereby the metal
upon cooling forms a sound casting around the
unit.

5. The method of casting metal around an
electric heating unit made up of an outer ce-~

76 mental covering and a conductive heating ele-
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ment mounted on an inner insulating base hav-
ing at least two apertured connectors for the
element, which comprises including between said

base and covering a layer of a substance of low .

melting temperature overlying the inner end of
& hole in the base communicating with the aper-
ture in one of sald connectors, melting the sub-
stance of said layer and evacuating the molten
substance through said hole and communicat-
ing aperture and thereby forming an air pocket
between said base and covering communicating
with said hole and aperture, securing the unit
to a chill block of a mold with the connector
apertures registering with passages extending
through the chill block, the unit being secured
to the block by a bolt extending through one pas-
sage and threaded into the registering aperture
and the aperture in communication with said
pocket registering with another passage in the
block, and introducing molten metal into the
mold and around the unit and venting from said
pocket through said communicating aperture
and passage air occluded in the interstices of said
base whereby the metal upon cooling forms a
sound casting around the unit.

6. The method of casting metal around an elec-
tric heating unit made up of an outer cemental
covering and a conductive heating element
mounted on an inner insulating base having an
apertured connector for the element, which com-
prises including between said base and covering
a layer of a substance of low melting tempera-
ture overlying the inner end of a hole in the
base communicating with the aperture in said
connector, melting the substance of sald layer
and evacuating the molten substance through
said hole and communicating aperture and there-
by forming an air pocket between said base and
covering communicating with said hole and aper-
ture, mounting the unit within a mold having a
passage through a wall thereof with the passage
in communication with said aperture, and cast-
ing a molten metal around the unit in the mold
while venting from said pocket through sald
aperture and passage air occluded in the inter-
stices of said base whereby the metal upon cool-
ing forms a sound casting around the unit,

7. The method of enclosing an electric heat-
ing unit in a metal casting which comprises as-
sembling a conducting heating element on a base
of insulating material having an apertured con-
nector for the element and a hole extending from
the aperture of the connector to one face of the
base, covering the hole on the baseé face with a
layer of a substance of low melting temperature,
covering the assembled heating unit including
the layer of said substance with a cemental in-
sulating material, melting the substance of said
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layer and evacuating the molten substance
through said hole and aperture, mounting the
unit within a mold having a passage through a
wall thereof with the passage in communication
with said aperture, introducing molten metal
into the mold and around the unit and venting
through said hole and aperture air occluded in
the interstices of sald base whereby the metal
upon cooling forms a sound casting around the
unit, and sealing said hole at its juncture with
said aperture, .

8. The method of casting metal around an
electric heating unit made up of an outer
cemental covering and two conductive heating
elements mounted on both faces of a flat inner
insulating base having three apertured connec-
tors between which said elements are electrically
connected, which comprises including on each
face of the base adjacent said connectors and
under said cemental covering a layer of a sub-
stance of low melting temperature, one of said
layers overlying the inner ends of two holes in
the base communicating respectively with the
apertures in two of said connectors and each
layer overlying at least one other hole through
the base, melting the substance of said layers
and evacuating the molten substance through
sald apertures and communicating holes and
thereby forming an air pocket on each face of
the base communicating with one another
through the base and with the apertures of said
two connectors through their communicating
holes, securing the unit to a chill block of a mold
with the connector apertures registering with
passages extending through the chill block, the
unit being secured to the block by a boit ex-
tending through one passage and threaded into
the aperture of the third connector, and intro-
ducing molten metal into the mold and around
the unit and venting from said air pockets
through said communicating holes, apertures
and passages air occluded in the interstices of
said base whereby the metal upon cooling forms
& sound casting around the unit.
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