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EMBEDDED ELEMENT SOLE PLATE

.' Herbert F. Storm, West Allls Wis., assighor te
: Sunbeam Cerp01 atlon a eerperetmn ef Illlnels |

Appllea.tmn J uly 20 1944 Serml No. 545,789

2 Clalms

Thls mventmn reletes to eleetrle sad1rons end{'
- ~has more. pertlcular reference to the construc-
tion and manufacture of the sele plate and 1ts'f

heating element.

The 1nvent10n has for its am object the pre-

vision of a new and improved sole plate charac-

(CI 219—-—25)

- terized by its cast metal construction and by a

preformed ceramic heating element embedded in
the sole plate in the casting thereof. The con-
struetmn is such as to possess relatively light
- _welght with strength and durabﬂzty for the pur-
. poses intended. The sole plate structure also

10

provides for uniformity of temperature distribu-
tion due in part to the ehereeterlstles of the ma—_-

terials used and to the form of the embedded.
element and its heat trensfer relation to the sur- -
- reundlng metal body in which it is cast..
“Another object of the invention is to prmrlde'._f_

e new and improved embedded hea,tmg element -

especially adapted to be. cast in a metal sole ¢

~ plate and having novel form and construction

characteris tics which make it a- egood heat con-.
. ductor and a poor electrical conductor at elevated

~ temperatures, and which will maintain its sbape
~and form without cracking while being subjected .2
to’ the drying and vitrifying processes in the
course of its manufacture, and which has suffi-
cient mechanical strength. to permit of its bemg:',
| handled in preductlen end bemg subJeeted to_,";_
o the casting. preeess - |

Anothe1 ebJeet of my 1nVent10n is te prcmde

I
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a, hew and 1mpreved method of making a ceramic .

heating element hawng an embedded eleetrle__f.__,

resistor

Another obJeet of my 1nventmn is to promde a:".:35

new and improved method ef maklng a, sole plete
for an eleetrm iron. | -

Another object of my 1nvent10n is te prewde 3

new and 1mm~oved sole plate of the character

described with the view to more eeenenucal 40

anufectnre | -

Other eb;pects and attendant adventages w111 be
appreemted by those skilled in this art as the
invention becomes better understood by reference |

to the following description when: considered in 45

eenneetmn with the eccompenymg drewmgs m |

which—

Figure 1 is a top view of a sele plete embOdvmg

my invention; ;
Pig. 2 isa 51de elevatmn thereof

e r oz e

Fig. 3 is & longitudinal section taken substen- :

| tlally on the sectlon line 3—3 of Figure 1;

Fig. 4 is an end elevation, loeklng at the heel |
end of the sole plate; -

Figs. 5 and 6 are sections taken on the sectmn' :
line 5—5 and 6—86, respectively, of Figure 1;

Fig. 7 is a top view of a ceramic heetlng ele— .
ment embodying my invention;

Fig. 8 is a side elevation of the heetmg ele-
ment partly in section on the seetlen 11ne 3——3 |

of Fig. T;

Fig. 9 is a. fregmentary seetlon shewmg a, mOdl-
fied ferm, o
Figs. 10, 11, 12, 13, and 14 are fragmentary

- views showing steps in the manufacture of the
. ceramic heating element, the sections being taken -

substantially on the seetmn line 10—10 of Flg 15
which shows the bottom die presently to be de-
scribed, these sections respectively showing the
coaction of other die parts with the bottom die;
Fig. 15 is a top view of the bottom die: o
- Fig. 16 is a bettom view of the top die;
- Figs. 17, 18; 19, 20, and 21 are eross seetmns
through certain of ‘the die members used in
forming the ceramic heating element; and -
TFig. 22 is a top view of an insert die member,
which die members will be presently described.
An illustrative ‘embodiment of the eeremzc“

'heetmg element is shown in Figures 7 and 8. o
- This is a preferred embodiment intended for in-
corporation in a sole plete snbstentlelly of the .

design shown In Figure 1. It should be nnder—--._f'

stood, however, that in the praetme of my inven-
~tion the ceramic heating élement will be of such
size and prepertlen as to conform with the sole

plate into which it is to be east bearing in mind

the novel characteristics and functions of the

ceramic heating element which will now be de- -
scribed. The heating element designated gen--
erally by 25 is composed of a ceramic refractory -
material which is formed to a skeleton-like shape
constituting a self—supp01t1ng body having por-~
tions of relatively small cross section within which
an electrical resmtor desugneted generally by 26,
preferably helical, is embedded. According to
my invention the ceramic element is formed to
prowde a continuous outer body portion made
up of what may be termed longitudinal outer

- body .portions 27 and 28 Jmned by toe and heel;'_'.: -

50 pertlens 29 and. 3l respectwely, longltudmel in- -
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ner body portions 32 and 33 spaced laterally from
each other and from the longitudinal outer body
portions, a portion 34 connecting the portions
32 and 33 with the toe portion, and a plurality
of narrow portions 35, 36, 3T, and 38 connect-
ing the inner and outer longitudinal body por-
tions. The helical resistor element 26 is ar-
ranged to extend continuously through the lon-
gitudinal body portions from the input to the
output terminals 38—41. Assuming the resistor
input terminal is at 39, the resistor extends con-
tinuously through the body portions 27, 29, 28,
31, 32, 34, and 33, to the output terminal 4. In
order to firmly and positively locate the termi-
nals 39—41 against displacement and to posi-
tion them in definite relationship to the thermo-
static switch mechanism (not shown) which con-
trols the fiow of electric current to the resistor,
I have provided ceramic inserts in the form of
cylindrical posts 42 each preferably formed to
provide an enlarged base end 43 and a tapered
or chamfered top end 44. Similar ceramic posts
49 are inserted in the connecting body portions
3% and 36. These posts 42—45 serve as locating
and supporting elements when casting the ce-

ramic heating element in the aluminum or other

metal body which constitutes the sole plate
proper, as will be presently described. The bhody
portions of the ceramic heating element are ar-
ranged to give good heat distribution when the
element as a whole is cast in the metal sole plate,
and as a consequence of this construction the
sole plate proper will assume uniform tempera-
ture substantially throughout its ironing surface
and the heat transfer will be direct and efficient.
The cross sectional shape of the body vportions
may be prismatic such as square as shown gen-
erally throughout the drawings, or round as
shown in the modified form Figure 9. In the
functioning of the completed sole plate the cy-

Iindrical form of the element 25 would require

a slightly lower temperature for the helix than
with the square cross section but the die and
mold cost are lower with the latter form. Also,

the square cross section has advantages in its

mechanical strength and in connection with its
manufacture, as will be presently apparent.
The ceramic heating element in addition to
its self-supporting shape and permanency of its
structure, is composed of a material which will
serve as a bond between the electrical resistor
(such as a nichrome wire) and a cast metal shell

or body which constitutes the sole plate proper.

According to my invention the material com-
posing the body 25 should have high thermal con-
ductivity so as to be a good heat conductor be-
tween the electrical heating element and the
metallic sole plate. It should also have high elec-
trical resistivity so as to be a poor electrical
conductor at the elevated temperatures such as
are encountered in high wattage automatic sad-
irons under thermostatic switch control. The
material should have sufficient mechanical
strength to permit handling in production and
so that it will not be destroyed or impaired me-
chanically when subjected to the metal casting
process. It should have no tendency for develop-

ing cracks while bheing subjected to the drying

process and later to the vitrifying process in
the course of making the ceramic element. A
material which I have found suitable for this
purpose 1s a refractory high ftemperature ce-
ment kown as “Alfrax 13.” In practice I have
obtained good results by mixing this material

10
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cement. I have found the water percentage
rather critical in obtaining the resultant char-
acteristics above described. If less water is used
the cement crumbles; and if more water is used
the material is too soft when taking it out of
the mold and is sticky and difficult to handle.
The manufacture of the ceramic element will
now be described, referring more particularly to
Figures 10 to 22 inclusive. The mold or die parts
comprise, generally stated, a bottom mold 46, an
insert die member 47, a top mold 48, a pressure
die member 49, and an ejector member 51. The
bottom mold has a cavity 52 of a shape identical
with the described profile shape of the ceramic
heating element 25, so that the profile or outline

shape of this cavity determines the correspond-

ing shape of the body to be molded therein. The
cavity 92 is of substantial depth as shown in
Figure 10 and the side walls are vertical, with
slight draft. The die member 41 also conforms

‘with the shape of the ceramic member 25 and is

- adapted to be inserted in the cavity 52 so as to
~rest at the bottom thereof and constitute the

30
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bottom proper of the cavity. After the plastic

» mold is completed this bottom member 41 will be

raised to eject or discharge the plastic molded
member by means of the ejector die member 51
which is equipped with a plurality of pusher pins
93 which are adapted to be moved up through
the bottom of the cavity for lifting the ejector
member 41 to the ejecting position shown in

Figure 14. The first step is to fill the cavity 52

with the described plastic material 54, as shown ._
In Figure 11. The next step is to apply the top
mold 48 in .a material displacement operation
shown in Figure 12, It will be apparent that the
top mold is provided with projecting mold mem-
bers 99 shaped to displace the plastic material
to provide a cavity 56 therein conforming in
outline with the outline shape of this projecting
mold body shown.in Figure 16. The cavity 56
formed in the plastic material is for reception
of the helical heating element 26 and also for
the reception of the refractory holders 42 and 45,
it being observed that the top mold has portions |
91 which provide properly located cavities for
the reception of the wide lower ends of these re-
fractory holders. In actual practice the face of
the upper mold is covered with a thin film of
machine oil or a similar oil to facilitate parting
irom the plastic material when drawing the mold
and also a suitable vibrator (not shown) is ap-
plied to the mold when making the draw. The
next step is to place the helical resistor wire in |
the cavity 56 and the refractory holders 42 and
4% in the corresponding cavities in the plastic
material, the holders 42 being strung on the ter- .
minal ends 39 and 41 of the resistor wire which
Is bent to conform to this location of the holders
as Wil be obvious from the location shown in
Figure 7. However, before inserting the helix.
it will be filled with the same refractory cement
as used for the body, except that I prefer to use
a slightly greater moisture content. This makes
the material more plastic to facilitate filling the
helix by rolling it through the cement. The next
step is to apply the pressure die member 49 which
has projecting mold members 58 shaped to fit
into the main cavity 52 in a plunger action com-
pletely covering the plastic material but without
disturbing the refractory holders. This opera-
tion is performed in a press under sufficient pres-
sure to displace the plastic material from the
side walls and dispose it in a compact body

with 4.79% of water by weight, making a plastic 75 about the helical walls, filling all voids and inter-
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stices and making intimate contact between the
plastic material and every point on the surface
of the wire. This compression gives the final
cross sectional shape to the heating element, as
shown in Ficure 13. The pressure die is then
withdrawn and the ejector die operates to railse
the heating element to an elevated position -as
shown in Figure 14, irom which the heating ele-
ment may be removed for transfer to a drying
station. To facilitate removal of the plastic ._heat-
ing. element from the bottom member 41 &
layer 59 of paper or an equivalent is applied to
the face of said member. This paper facing re-
mains on the bottom member and prevents stick-
ing of the plastic material. The plastic element
ot this stage is sufficiently form-sustaining as
to permit of its being picked up by hand and
placed in a position for drying. The drying may
be accomplished by air or by applying a reduced
voltage to the heating element so that the molded
body reaches a temperature of about 212° F. in
“about an hour. Acceleration of the drying process
beyond this may result in cracking of the molded
form. Following this the molded element is put
in a furnace and heated to about 2200°-2300° F.
for about an hour. This vitrifies the ceramic
heating element, and produces a hard form-sus-
taining body in which the resistor wire and the
refractory bosses are permanently embedded in

the relationship shown in Figures 7 and 8. The -

surface of this body is rock-like and granular.
The heating element is now complete and ready
to be cast into a sole plate. In the casting opera-
tion the ceramic heating element is supported in
the mold threuzh means of the projecting refrac-
tory bosses or holders 42 and 45. For this purpose
the metal casting mold (not shown) is provided
with cavities for the reception of the projecting
holders and through means of these cavities and
holders the ceramic heating element is accurately
located and held in proper position during the

casting process. By holding the ceramic heating

element in this manner I provide against dis-
placement or floating of the element with respect
to the mold and obtain the desired uniformity

in wall thickness of the shell which is cast around

hd

6

to be quickly responsive to the temperature there~
of. ‘I also prefer aluminum as the metal for the
sole plate casting, but other suitable lightweight

metal may be used. The use of aluminum not

only reduces the weight but provides the advan-
tage of greater uniformtiy of temperature dis-
tribution -due to its greater heat conductivity.
With this construction the heat will be conducted
away from the heating element in a short direct

10 path to the face of the sole plate proper. This

15

20

is advantageous in a flatiron because it promotes
quick heat transfer to the ironing surface with
minimum of heat loss upwardly and it enables
reduction in the operating temperatures of the
heating element. Light weight is highly desir-
able because it makes ironing easier and avoids
faticue. A further advantage is in the embedded
unitary structure as compared with prior sole
plates which employ a heating element held in
position by means of a top pressure plate or the
like. Also, it is believed that a construction such
as herein disclosed is less expensive than prior
constructions which use mica as an insulator and
which require machine operations to accommo-
date the top pressure plate to the sole plate
proper. - . -

It is believed that the foregoing conveys a clear
understanding of the objects prefaced above.

In the practice of my invention modifications
may be made in the form of the resistor element
and in the circuitous arrangement thereof as well
as in the form of the molded ceramic body in
which the resistor is embedded. While I have
shown a particular embodiment of the invention
it will be understood that the I do not wish to
be limited thereto since many modifications may
be made and I therefore contemplate by the ap-

 pended claims to cover any such modifications as

4.0)

the entire outer surface of the ceramic heating -

element with the exception of the projecting
refractory holders. The refractory, granular sur-
face of the heating element makes a good bond
with the cast metallic shell. A complete sole
plate casting is shown in Figures 1 to 6 inclusive,
the metal sole plate being designated generally
by 6i. It will be observed that the metal soie
plate is cast to a shape providing a comparatively
thin sole plate portion 62. The outline shape of
this sole plate portion 62 determines the outline
shape of the face 63 of the sole plate, which face
is flat and constitutes the ironing surface. The
sole plate portion 62 extends marginally beyond
the ceramic heating element and the upper body

portion of the metallic sole plate body prefer-

ably conforms with the exterior shape of the
ceramic heating element so as to provide a com-
paratively thin enclosing shell structure. This
construction provides a centrally located cavity
or well 64 in the top of the sole plate for loca-
tion of a thermostat element 65 which is shown
diagrammatically in dotted lines in Figure 3.
“While any suitable or preferred thermostat means
may be employed in conjunction with the switch
 for controlling the electric current supply to the
heating element, I prefer a thermostatic switch
structure having a bimetallic thermostatic ele-

ment located close to the ironing surface so as

H0O

60

65

70

~ fall within the true scope and spirit of my inven-

tion. |

I claim: |

1. A sole plate for an electric iron comprising
a ceramic skeleton-like body molded to provide a
loop outer bhody portion of relatively small cross
section conforming substantially with the outline
shape of a sole plate ironing face and an inner
loop body portion of similar cross section extend-
ing within said outer body portion and laterally
spaced from the adjacent outer body portion ex-
cept for one section common to said inner and
outer body portions, additional narrow bridging

" body portions connecting said outer and Inner

portions. a resistor embedded in said outer and
inner body portions and extending from one of
said body portions to another through said com-
mon section, refractory bosses embedded in said
bridging body portions and projecting beyond the
surface thereof, and a metallic shell cast around
said ceramic body. |

2. A heating element for the sole plate of an
electric iron comprising a ceramic skeleton-like
hody of vitrified cementitious material having the
properties of high electrical resistivity and high
thermal conductivity, and a helical electrical re-
sistor wire embedded in said body, said wire ar-

raneged to extend substantially entirely around

the peripheral portion of the heating element and
in g circuitous path entirely within and spaced
inwardly from said peripheral portion, said ce-
ramic body conforming to the described path of
the helical wire and having narrow bridging por-

 tions for maintaining the peripheral portion of

b

the ceramic body and the portion associated with
the inner circuitous path in fixed relationship,
said bridging portions providing a path for pOor -
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tions of said wire other than that disposed in the
outer peripheral portion and the inner circuitous
path, said ceramic body being defined so that
there are provided substantial open spaces inter-
mediate the relatively narrow body portions in
which the wire is embedded, a plurality of bridg-
Ing portions located at a forward position on the
element and another plurality located rearwardly
thereof, and a refractory boss embedded in each
of such bridging portions and projecting above
the same to provide a locating portion, the rear
reiractory bosses also serving as insulators for
the terminal ends of the resistor wire.

- HERBERT F. STORM.
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