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7 Claims.

The invention relates to electric furnaces and
more particularly to means attendant thereto
for obtaining various mufie and pyrometer com-
binations.

5 At the outset, attention is called to my co-
pending application Serial No. 410,983 matured
to Patent No. 1,907,290 drawn to cover a mode of
operation and a selective switching mechanism
similar to the device herein set forth. With the

10 furnace described in the aforementioned appli-
cation as a basis, it has been my object, and I
have, through the invention of a novel switching
arrangement, developed various sets of auto-
matic mufile combinations heretofore entirely un-

15 available in previous furnaces.

An additional object has been to provide a
pyrometer and a selective switching means there-
for to automatically indicate the temperature of
a preselected mufile.

20 A further object of my invention has heen to
provide a pyrometer compensating wiring circuit
having the combination of a novel circuit and
switching means which automatically allows for
the use of either of two voltage indicating de-

¢ vices of different internal characteristics.

A still further object of my invention has besn
to provide a furnace with detachable and inter-
changeable mufiles, wherein the operating con-
tacts therefor are so arranged as to make the

w» proper placement of the parts and the resulting
correct operation of the furnace inevitable,

The invention possesses other objects and fea-
tures of advantage, some of which, with the
foregoing, will be set forth in the following de-

i scription of the preferred form of the invention
which is illustrated in the drawings accompany-
ing and forming part of the specification. It is
to be understood, however, that variations in
the showing mede by the said drawings and de-

4¢ scription may be adopted within the scope of
the invention as set forth in the claims.

Referring to the drawings:

Figure 1 is a perspective view of the complete
furnace in the preferred form of my invention.

5 Figures 2 and 3 are rear bottom perspective
views of two of the muffles here embodied. )

Figures 4 to 8 inclusive are schematic wiring
diagrams of the five electric circuits employed
herein,

Figure 9 is a plan view of the base with a por-
tion of the top thereof removed.

Pigure 18 is 8 cross sectional view taken on the
line i8—15 of Pigure 9.

Tigure 11 is a cross sectional view taken on

55 the line {{—I1 of Figure 9,

(CI. 219—20)

Figure 12 is a cross sectional view taken on
line {2—1§2 of Figure 9.

Figure 13 is a diagrammatic wiring lay-out of
the mufile heating coil circuits.

Figure 14 is a diagrammatic wiring diagram
of the pyrometer switching mechanism.

Figures 15 and 16 are diagrammatic views of
two types of milli-voltmeter plugs used with my
furnace.

Figures 17, 18, and 19 illustrate some of the 19
possible mufiie and pyrometer combinations.

Referring to the drawings, and to Figure 1 in
particular, it will be noted that the dental fur-
nace of my invention comprises in general a
hollow base 21, a set of muffles 22 detachably se- 15
cured thereto, and a pyrometer 23 electrically
connected therewith. The base, as will be seen
in Figures 9 to 12 inclusive, contains the switch-
ing mechanism for selecting various mufile com-
binations and for determining the mufle tem- gg
peratures. Provided on the top of the base are,
as here shown, three groups of female contacts
24, 26, and 27 arranged to receive cooperating
male contacts on the muffle. As may be noted

[

from Figure 9, each group comprises two rows g5

of contacts. 'The forward row 28 of groups 26
and 27 is defined in the present embodiment by
ten contacts, while situated directly therebehind

is a second row 28 of three contacts. It will be
noted that the forward row of contacts of group 3¢
24 consists of only two terminals 81 and 32 which
are gpaced apart a distance equal to the spacing
of the outside terminals of rows 2% and 27, the
portion of the top between said terminals 34 and

32 being left open and without the intermediate 35
contacts therein, Aside from this single feature,
the three groups of female contacts are practi-
cally the same. Due then to the similarity of the
contact groups, the muffies to be hereinafter de-
scribed are insertable into any one of the three 4
contact groups. '

The base also provides a “ plug-in” arrange-
ment for the pyrometer. As here shown this ar-
rangement comprises a socket member 32
mounted on the casing, and a plug member 34 45
therefor connected directly through a flexible
cable to the pyrometer 23. The pertinency of the
foregoing will be hereinafter noted in setting
forth the pyrometer compensating circuit in
detail.

The muffles are designed to form an important
part of the furnace in the present embodiment
and are of three types to wit: a small high heat
muffle 36, a larger low heat mufie 31 and a small
low heat mufile 38. The three types are similarly x5
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constructed with a wire wound resistance unit
39, a refractory 41 and an enclosure 42. Hach is
provided with an opening 43 through which the
work may be placed into the refractory and a
closure 44 for sealing the opening.

The mufile types differ mainly in the coil de-
sign. The two low heat muffies are provided with
a tapped resistance unit, which in each instance
includes two end terminals and eight interme-
diate taps. Electrical connection to these fer-
minals and taps may, as here shown, be gained
from the outer side of the muffle through a row
of male contacts 46 extending from the bottom of
the muffle. 'The high heat muffle preferably em-
ploys a platinum wound or other high heat pro-
ducing resistance coil, but this coil, unlike the
low heat coils, is not tapped, thereby leaving the
muffle in contrast with the low heat mufile, with
but two male contacts 47 electrically connected
to the end terminals of the untapped coil. It
should also be noted from Figure 3 that the
spacing of the two contacts 47 is identical with
that of the two outside male contacts of the row
of contacts provided on the low heat muffles.

To determine the temperatures of the various
muflles a pyrometer 22 iz used, and in the present
case the latter is of the type comprising a
thermo-couple placed in the refractory of the
muffle and a milli-voltmeter 48 which is mounted
on a pedestal 49 and used for indicating the gen-
erated potential in the thermo-couple. Prefer-
ably, the milli-voltmeter is calibrated to read
directly in degrees Fahrenheit.

The range of heat employed by the furnace is
from room temperature, say 76 degrees Fahren-
heit, to 3000 degrees Fahrenheit. Such a wide
range of heat, as will be seen, introduces a
thermo-couple problem. Base metal couples
that normally react satisfactorily to tempera-
tures below 2000 degrees Fahrenheit melt at tem-
peratures substantially above this value. On the
other hand, platinum thermo-couples suitable
for high temperatures produce a very small po-
tential when used at low temperatures, and ac-
cordingly demand the use of a sensitive, expen-
sive milli-voltmeter. Now since the furnace of
my invention may, if desired, be readily used
with low heat muffles exclusively, wherein the
maximum temperature usually reaches only
about 1800 degrees Fahrenheit, it is readily seen
that to equip such a furance with platinum
thermo-couples and an expensive milli-voltmeter
would be very wasteful.

In effecting the solution of the foregoing, part
thereof consists in the use of a relatively high-
potential low-temperature base-metal thermo-
couple with the low heat muffles, and a high-heat
and comparatively low potential platinum couple
for use with the high heat mufile. As afore-
stated, the therme-couple in each instance, as is
conventional, is placed within the refractory
chamber of the muflle. Wires connected to the
terminals of the couple are led through the cas-
ing to two male contacts 51 extending downward
from the rear of the casing directly behind the
heating coil contacts.

As previously stated, the high and low heat
muffles are interchangeable. It is to be noted,
however, that the different types of thermo-
couples employed in these muffles have different
temperature-voltage characteristics, According-
ly, should the voltmeter be calibrated for the
platinum thermo-couple which has a low voltage
characteristic, and be used to indicate the tem-
perature of a low heat thermo-couple which has
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a high voliage characteristic, the indication re-
ceived would be entirely too high. As it is de-
sirable to use but a single voltage-indicating-de-
vice to record all of the temperatures directly, it
is necessary, in order to psrmit such use, to pro-
vide a means whereby the voltage of the low heat
couple may be reduced when the milli-voltmeter
employed is calibrated in accordance with the low
potential produced by the platinum couple.
Viewing the base from the top as in Figure 9,
it will be seen, as before mentioned, that thereisa
rearward row of three female contacts 29 in each
of the three contact groups. These contacts are
arranged for the reception of the thermc-coupie
contacts provided on the muffles, two of such
female contacts 52 and 53 being arranged for use
with the platinum thermo-couple whereas the
centacts 52 and 54 are adapted for use with the
base-metal couple. In the circuit formed by the

insertion of the platinum couple into contacts 52 2

and 53, direct connection is afforded the couple to
the milli-voltmeter. On the other hand, as will
ke more fully hereinafter explained, in the circuit
connecting the low heat couple contacts 52 and
Bd, a resistance unit 55 is provided, whereby con-
nection to the milli-voltmeter can only be estab-
lished through such resistance, the latter func-
tioning to reduce the voltage impressed upon the
meter to the same value as would be created by

the platinum couple acting at the same tempera~

ture. Thus by use of such resistance a single
voltmeter may be employed to indicate the tem-
peratures of both types of muffles as previously
described. Provision is therefore made that

should the mufile be of the high heat type, itz &

thermo-coupie contacts will engage the two fe-
male contacts 52 and 53 comprising, as here
shown, the center and left of the three contacts,
and should the muffle be of the low heat type the
thermo-couple contacts thereof will engage the
two female contacts 52 and 54 comprising the
center and right of the group. This is accom-
plished by positioning the couple contacts on the
high heat muffle with respect to the heating coil

contacts, in the same relation as the center and .

left contacts 52 and 53 are located with respect to
the row of heating coil contacts on the base.
Likewise the couple contacts of the low heat
muffle are positioned in relation to the heating

coil contacts thereon in the same relation as the ;¢

center and right contacts 52 and 54 are located
velative to the end contacts of the row of heating
coil contacts on the base.

It will now be clearly understood that either

type of muffle may be operatively inserted in any ;

of the contact groups provided on the base. To
adapt the furnace to the particular reguirements
of any field of endeavor it is only necessary to
select the most desirable combination of high and
low heat muffles and set them in position in any
desired relation to one another. As disclosed in
my copending application aforesaid the furnace
of my invention provides utilization as a source of
heat for one muffle the heat given off by the rheo-
stat resistance element used in the control of the
current supplied to the heating element of
another muiffle, such mode of operation bheing
afforded in general by arranging the resistance or
heating elements of the set of mufiles in series
with one another. Means are therefore provided
for automatically connecting the muffles together
in such series relation, regardless of the combina-
tion of muffles selected. The foregoing means
will now be described in connection with various
of the possible muffle combinations
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It will of course be clear that since the three
interchangeable mufiles are each adapted for in-
sertion intc any one of the three contact groups,
the possible combinations available with such a
structure are entirely too numerous to describe.
All of these combinations, however, are here con-
trolled by five simple electric circuits. With
muflles operatively disposed in the contact groups,
the fivst circuit, illustrated in Figure 4, places the
heating elements of the mufiles in the second and
third contact groups in series, with the muffe in
group three acting as the rheostat. The second
circuit, shown in Figure 5, includes the second
and third mufie elements in series, with the sec-
ond mufile acting as the rheostat. Circuit num-
ber three places mufiles of groups one and three
in series, with the element of number three as the
rheostat, and circuit number four similarly in-
ciudes mufiles of groups one and two in series,
with the element of number two acting as the
rheostat. Circuit number five provides for using
muffle of group number two as the rheostat for
both muffles of groups one and three. Circuits
three, four and five are shown in Figures 6,7, and
8 respectively.

housing 34. Fastened to the contfacts is an ac-
tuating bar 83 which is arranged to slide the con
tacts through the housing. Sets of fixed co
members §7 are provided in the housing ¢
over and engageable with the slidable eny
and.conducting metal-plates §8 arve provided un-
der the latter and engaged thersby, whershy an
electric current may pass from the metal piate
68 through the sliding contacts into any of the
fixed contacts 87 in the housing. In the arrang
ment of the contacts 5T as clearly shown in Fig
ure 9, rows 59 and 71 of five contacts each are
provided for engagement with the sliding con-
tacts 84 and 62 and the adjacent contacts in
two rows are transversely aligned wifh respec
the longitudinal axis of the bar 88. On the of
hand but a single fixed contact is provided
gagement with contact 83 and is in alignment
with the extreme left contact of rows 68 and 71,

The sliding bar 5% is arranged to be actuated by
the operator from the front of the furnace hase.
The actuating means comprises a hollow tubular
member 72 rotatably supported by standards 73
and having fastened thereto a crank member 74
which is connected to the bar 88 by means of a
link ¥8. TFor convenisnce of operation the fore
end of the tube 72 is extended through the front
wall 77 of the base and a knob 28 fixed thersio,
the latter being preferably in the form of g dia
80 that the position of the switch may be reagdily
determined. It will now be apparent that as the
dial member is rotated, the contacts €1, §2, and 8
will slide within the housing 84 to progressively
engage the contacts 67 therein.

Figure 13 illustrates the operation of the
switching mechanism aforesaid. Electric power
is supplied through the cable 87 brought directly
to ‘the base of the furnace, and a toggle switch
22 mounted on the front plate 99 of the bage is in-
serted in series with one of the power leads, which
iz connected directly {o the metal plates 68. As
here shown arrows indicate the sliding contacts
snd are therefore numbered the same as the con-
tact members they repressnt. With dial 82 ro-
tated to the extreme left position wherein the bar

3

88 will be fully extended, the sliding contacts &
and 62 will engage the right end contacts {84 and
{82 of rows 89 and T4. The circuit thus made may
be followed from contact {42 to the right mufie
group 27 by way of conductor 88, thence through
the mufile coil and out of the end terminal 163
thereof. From the muffie coil the current passes

by lead {88 to the end terminal 184 of the muffle

group, thence through the center mufie and out
through end terminal {86 and back to power by
way cof conductor 188’ and contact 18f. The cir-
cuit thus made places the center and right mufis
in series, with the right muffle acting as the rheo-
stat for the center muffe. This circuit will be
recognized as circuit number one hereinbefore
described and iliustrated in Figure 4. Rotating
dial 88 in 2 clockwise direction from the first posi-
ticn, whereby bar 88 is retracted, the siiding con-
tacts 81 and 52 engage the next two contacts of
the rows §8 and 74 whereby circuit number two
will be formed through the medium of conduc-
tors 88, coil of center mufile, conductor {88, the
coil of right muffle, and lead 118, Likewise, on
further rotating the dial to effect a further retrac-
tion of bar 86, contacts §f and 82 are caused to
successively engage the transversely sligned sei
of contacts §! whereby, through the medium of
conductors, £8, 89, 85, 188, i85’ and the coils of
the different muffles, circuits three, four and five

h U7

ere made, it being noted in the last instance that g

the single contact 67 over slidable contact 83 is
engaged therewith to afford connection with the
coils of right muffle through the conductor {12.

It was hereinbefore noted that the center and
right conta
base wers in the present embodiment adapted to
receive the tapred ends of the coil windings of
the low heat mufiles. To successfully empley a
low heat muffie positioned in either the center or

right contact group as a rheostat, there has been ...

provided a switching arrangement by means of
which any of the varicus taps on the mufie eoil
may he selected for and connceiad into the elec-
tric circuits aforesaid. Referring to Figures 9
and 10 it will be noted that a sliding hor switen
of the general character previously described is
employed. In this instance the female contacis
28 for hoth the center and right groups sre mount-
ed directly in the ton member 83 of a frame 34,

and each presents an engaging surface on its low- %
er extremity. Slidably carried within the hous-

ing is a bar 87 having in the ends thereof two in-
dependent contact members 83 and 8% which

are Insulated from each other and adapted io

slidably engage the female contacts and metal ;

piates 8! and §2 resvectively, as shown in Figure
10, Tt will be understood that the co t 8% and
plate 81 are arranged to form a circui

t with the
coil of the center muffle, whereas the contact 28’

and plate 82 are designed to form a circuit for C

the right muffle coil. To insuve nroper elsctrical
connection between the associated contact me
bers, the plates are urged upwardly by means
springs 85, Referring to Figure 13, it will be
that conductors 88 and 88 are connected ¢
respective contacts 88’ and 29 and thab ¢
fore in any circuits closed through these
ductors, the resistance in such cirecuits may be
varied by placing the bar in position o effect con-
necticn between said contacts and any of the
female contacts 28 desired. Actuation of bar §7 is
accomplished from the front of the base by a rod
rotatably mounted within and extending
through the tube 72 to which the dial 85 is se-
cured. On the inner end of rod 93 is fastened s

3]
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crank arm 94 which is connected to bar 81 by
means of a link 96. A dial knob 115 is preferably
fixed on the exposed forward end of the rod so as
to enable the operator to readily position the bar
87 to provide the desired amount of resistance in
the circuits. ’

It should now be clear that by movement of
dial 89 a particular electric eircuit is selected and
on rotating dial 115 the resistance of that circuit
may be varied. Preferably suitable indicia are
provided on the front panel of the base so as to de-
note the various connections made in the differ-
ent positions of the dials. It is alsc pertinent to
note that in the instances where either the center
or right muflle is employed as a rheostat, the re-
sistance of that mufie is always increased as the
contacts 88 and 89’ move to the left or as dial
115 is turned in a clockwise direction. Thus re-
gardless of the circuit or combination employed,
the turning of dicl {5 in a clockwise direction
increases the heat of the controlled mufie and
likewise the turning back of this dial in a coun-
ter clockwise direction decrsases the heat devel-
oped in such muffle. The operation of the muffle
circuit selecting switch and the mufile resistance
switch is thus positively fool-proof.

As hereinbefore stated, it is desirable that on
selecting a muffle circuit combination, the pyrom-
eter be automatically connected to indicate the
temperature of the woerking niufile of the combi~
nation, such mufile being usually the one whereon
the highest temperature is obtained. In order
that such an arrangement may be accomplished,

121 to be actuated simultanecusly with the mufile-
combination circuit switching aforedescribed.
The pyrometer switch is preferably an exact dupli-
cate of one section of said switch, and as shown
in Figures 9 and 11, in addition o the sliding har
66 comprises a housing 122 and a contact mem-
ber 123 which is positioned on the bar to engage
a row of contacts (24 in the top of the housing,
a fixed contact-plate 126 heing disposed under the
sliding bar and connected by a conductor 26’
to the pyrometer socket. Simultaneous cperation
of the switching mechanisms is obtained since
the contact members 6f, 62, 63, and {23 of these
switches are rigidly fastened tc the same bar 66
as clearly shown in Figure 11, Thus with dial 80
turned to the extreme left to form electric circuit
number one, the sliding contact 123 of the py-
rometer switching mechanism will he positioned
to engage contact (27 on the extreme right of
the group whereby the thermo-couple provided
in the center muffle is connected directly to the
pyrometer socket with a resistance {08 in series
therewith, such connection as shown in Figure 14
bheing effected through conductors 1267, {28, 129,
and 131, Figures 15 and 18 show the milli-volt-
meter plugs which are used together with the
high and low temperature milli-voltmeters re-
spectively. When the former is used the resist-
ance 128 is left in the circuit but when the low
range milli-voltmeter is used the resistance 108
is shorted out since the plug therefor has three
of its terminals electrically connected so az to
rhort conductors 131, 182, and 123 connected to
the resistance. It will likewise be roted that
with the sliding contact 123 on the second con-
tact, the circuit is automatically connected to
indicate the temperature of the right mufle in
accordance with electric circuit number two.

In circuit number five the mufile in the central
position acts as a dual rheostat for both the out-
side muffles. It is therefore desirable that the

2,015,926

temperatures of the left and right muffles be
readily determinable. With contact 123 posi-
tioned to the extreme left corresponding to cir-
cuit number five, the pyrometer normally indi-
cates the temperature of the mufie on the left.
However, by means of a two-way switch 138 pro-
vided in the circuit, the pyrometer circuit to the
left mufile may be broken and the circuit tc the
muffle on the right simultaneously completed.

"It will be obvicus, of course, that electrical cir-
cuits other than the five herein set forth may
he employed by merely adding additional contacts
to the mufie-circuit combination switch and the
pyrometer switch. The five electric circuits here
shown appear at the present time to be ampie for
adapting the furnace o the various requirements
particular to dentistry. An explanation of scme
of the possible mufile combinations and their es-
pecial adaptability to the practice of dentistry
and the needs of dental laboratories will now
be appropriate.

A simple combination of muffles of the furnace
comprises, as shown in Figure 17, a large low
heat muffle 37, a small low heat muffle 38, and a

low scale pyrometer the electric circuit for which -

combination is illustrated in Figures 4 and 5.
The muffles are both operatively mounted di-
rectly on the base as afore-described, the large
mufie at the middle, and the small muffie on the
right. The pyrometer is conveniently mounted
and held on the base over the left group of con-
tacts, the electrical connection thereto being af-
forded through a flexible conductor 56 associated
with the plug and socket members 34 and 33.

The large muffle, as here designed is capable of :

holding the largest sizes of dental flasks for plate
work, and can accommodate large castings. The
smaller muffle on the right is of sufficient size to
hold several inlay rings of ordinary size. The
maximum temperatures attained by the two
muffles may be approximately 1700 degrees
Fahrenheit for the large muffle, and 1800 degrees
Fahrenheit for the small mufle. Now with dial
80 pointing to the extreme right the smaller

mufle automatically becomes the rheostat for ,:

the larger one. With the pointer of dial 15 at
the extreme left, the full length of the winding
of the smaller muffle is in the circuit and as a
result each muffle now idles at a mild, low heat.

To increase the temperature of the center muffle ;

it is only necessary to turn dial {15 to successive-
1y reduce the length of the right muffle coil in the
circuit, and as this length is reduced, the heat
of this muffle is also reduced notwithstanding the
resultant increase of current. This phenomenon
due to the series operation, positively acts to
prevent extreme hot spots from forming in the
refractory of the muffle acting as the rheostat.
To use the large muffle as the rheostat for the
small, rapid-heating muffle, dial 80 is rotated
to the left to place the indicator thereof to the
second position. Again by turning dial {i5 from
left to right, portions of the large muffle coil are
cut out of the circuit. By this procedure the
large muffle remains warm, while the tempera-
ture of the small mufle may be raised as desired
up to 1800 degrees Fahrenheit. This first com-~
bination is designed especially to meet the con-
ditions prevailing in the average dental office.
The large muffie will hold approximately twelve
inlays, which can either be burned out in that
muffle or transferred to the small muffle for rap-
id elimination as the operator requires. The fur-
nace in its employement of the low heat muffles
exlusively, makes possible the use of base metal
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thermocouples of a high voltage-temperature
characteristic and an inexpensive milli-voltmeter
will thus suffice. Such a combination as herein-
before noted materially reduces the pyrometer
cost of the furnace. 'The connection of the voli-
meter to the desired thermocouple is automati-
cally made on the selection of the desired com-
bination of mufles as aforesaid.

To the furnace as above described, a plati-
num wound mufile may ke added. As shown in
Figure 1, this muffle is preferably plugged in to
the left group of female contacts provided on the
base and from which the low range milli-volt-
meter is removed. A high range milli-voltmeter
replaces the lower range meter of the previous
combination. The furnace here described is
shown in Figure 1, and provides three mufies
capable of simultaneously baking poreclain, dry-
ing out inlays and burning out inlays. The elec-
trical circuit for such second mufile combination
is made by rotating dial 88 to the extreme left
whereby the large central muffie acts as a
double rheostat for controlling both the plati-
num and the small low heat muffle. The voli-
meter is automatically connected to read the
temperature of the platinum muffie, but by op-
erating the switch (3% the meter will indicate
temperature of the small low heat muffle in-
stead.

Muffle combinations one and two as above de-
scribed are arranged for ordinary office practice.
A further combination, as shown in Figure 18and
conveniently termed number three, is essentially
a wax furnace, and designed particularly for
laboratory usage. Using the same base, this fur-
nace has two large low heat mufiles in the center
and left positions, with a small low heat mufie in
the right position. The electrical circuit for this
arrangement remains the same as described in
combination two. Now with the central mufie
acting as the rheostat for the other two it may
be maintained at a low heat while the first and
third muffles are at a high heat. Such an ar-
rangement allows the cases to be dried out at a
temperature suitable to prepare the case for the
higher heat muffle and then transferred to the
left large muffle for a quick elimination. By a
simple transfer, then, two cases may be kept in
continuous operation and at the same time the
right mufile can be used for quick elimination of
small cases.

A fourth combination, illustrated in Figure
19, is also designed for laboratory requirements.
This furnace unit comprises a centrally disposed
large low heat mufle and two small platinum
muffles. In this case the electrical circuit re-
mains the same as for muffle combination num-
ber three. The large wax muffle acts as a double
rheostat for the two high heat muffles, and will
maintain a temperature between 600 and 1000
degrees. With this arrangement the porcelain
work may be dried out in the large muffle prepar-
atory to its being placed into one of the platinum
muffles for a fast mature baking or glazing.

An important feature of my invention is the

inverse heaf relation that may be established he-

tween any fwo or more muffles of my furnace
and which may be varied through the use of a
Single heat control. With the heating elements
of two mufiles electrically connected in series
and the resistance of one element variable so
as to function as a rheostat for the second ele-
ment, the heat produced in the rheostatic ele-
ment varies as the resistance of that element,
while it will be clear that the heat produced in

the second or controlled element varies inversely
with the resistance of the rheostatic element.
Thus on increasing the resistance of the first
element, the heat of this element is increased
and the heat of the second element is simulta-
neously decreased. Likewise on decreasing the
resistance of the rheostatic element the heat of
this element is decreased while the heat of the
controlled element is increased. Tt will of course
be clear that a greater number than two muffles

5

may be arranged in different series parallel com-

binaticns to obtain such an inverse heat relation
between the heating elements. An example of
stuch a combination is illustrated in Figure 1 of
the drawings. This feature becomes of impor-
tance in the production of certain materials
wherein it is not only necessary to increase the
heat slowly by steps in the heat process of the
article but also to slowly step down the heat of
the article on the cooling portion of its heat
process cycle. An example of such a requirement
occurs in the annealing of certain enamels. In
this latter case an article is covered with the
enamel and placed in an oven whose heat is
slowly increased up to the annealing temperature
of the enamel. While in some instances it is
not considered harmful to increase the heat above
this value, extreme care must be exercised %o
prevent the article from cooling tco quickly. In
using my furnace, the freshiy enameled article
may be placed in the rheostatic mufie with the
heating zlement thereof at s minimum resist-
ance wherepy the mufile is substantially un-
heated and residing at approximately room tem-
berature. By increasing the resistance of this
element the temperature of the rheostatic mufie
may ke increased at will. When the rheostatic
muifle reaches its maximum temperature it will
be clear that the controlled muffie would be at
a minimum temperature, and is eligiple for re-
ceiving a freshly coated piece of work. The
resistance of the rheostatic element may then be
reduced in steps to insure the proper cooiing of
the product therein and at the same time the
heat of the controlled mufile is slowly increased
to insure proper heating of freshly covered prod-
ucts therein. It will thus he evident that with
but a single control I may increase the heat of
one muffle while simultaneously decreasing the
heat of a second muille to effectively carry out
a continuous process as above noted.

I claim:

1, In an electric furnace, a plurality of mufies
each provided with an electric heating element,
a plurality of electric contact members on said
muflles connected to said elements, a support for
said muffles, a plurality of electric contact mem-
bers on said support detachably receiving said
muffle contact members and arranged in differ-
ent groups corresponding in number to the num-
ber of mufiles and adapted to interchangeably
receive the latter, electric power input terminals,
and a switch mechanism operative to conneet
certain contact members in two of the groups
in parallel and to connect certain contact mem-
bers in a third group in series with said first
named contact. members and with said power
terminals.

2. In an electric furnace, a plurality of muffles
each provided with an electric heating element,
a plurality of electric contact members on said
muilles connected to said elements, a support for
said mufiles, a plurality of electric contact mem-
bers on said support detachably receiving said
muffle contact members and arranged in differ-
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ent groups, said groups corresponding in number
to the number of muffles and adapted to inter-
changeably receive same, electric power input
terminals, and a switch mechanism operative to

connect certain contact members in two of the

groups in parallel and to connect certain con-
tact members in a third group in series with
said first named contact members and with said
power terminals, or to connect certain contact
members in the third group in series with cer-
tain contact members in either of said first and
second groups and to said power terminals.

3. In an electric furnace, a plurality of muffles
each provided with an electric heating element,
a plurality of electric contact members on said
muffles connected to said elements, a support for
said muflles, a plurality of electric contact mem-
bers on said support detachably receiving said
muffle contact members and arranged in differ-
ent groups, said groups corresponding in number
to the number of muffies and adapted to inter-
changeably receive same, electric power input
terminals, and a switch mechanism operative to
connect certain contact members in two of the
groups in parallel and to connect certain con-
tact members in a third group in series with
said first named contact members and with said
power terminals, or to connect certain contact
members in the first two groups of contact mem-
bers in series with each other and with said power
terminals.

4. In an electric furnace, a plurality of mufiles
each provided with an electric heating element,
a plurality of electric contact members on said
muffles connected to said elements, a support for
said mufies, a plurality of electric contact mem-
bers on said support detachably receiving said
muffle contact members and arranged into differ-
ent groups, said groups corrassponding in number
to the number of mufiles and adapted to inter-
changeably receive same, electric power termi-
nals, and a switch mechanism operative to selec-
tively connect certain contact members in one
group of contact members in series with certain
contact members in a second and third group
connected in parallel and with said power termi-
nals, or to connect certain contact members in
the first and second groups of contact members
in series with each other and to said power ter-
minals, or to connect certain contact members in
the second and third groups of contact members
in series with each other and to said power ter-
minals, or to connect certain contact members in
the first group of contact members in series with
certain contact members in the third group and
with said power terminals. ’

5. An electric furnace comprising a high heat
muffie and a low heat muffle, electric heating

elements in said muffles, engageable ¢ontacts pro-
vided on the base of said muffles and electrically
connected to said elements, a support, sets of
contacts on said support arranged to detachably

receive said muffle contacts and provide for the -

interchanging of said muffles from one set to the
other, a thermocouple in one of said muffles, a
thermocouple in the other of said rnuflles having
a different temperature-voltage characteristic
than said first thermocouple, a pair of contacts
on each of said muffles adjacent said first muffle
contacts and connected to said thermocouples,
and a group of three contacts on said support
adjacent each of said sets of contacts and ar-
ranged to receive said pair of muffle thermo-
couple contacts, said pair of thermocouple con-
tacts on one of said muffles being positioned to
engage with two of said groups of three contacts
and said thermoccouple contacts on the other

muffle being positioned to engage another two i

of said group of three contacts, and means for
connecting said sets of contacts to a source of
electric power and said groups of contacts to a
pyrometer.

6. An eclectric furnace comprising, a hosge, a @

plurality of vertically set electric contact mem
bers carried by said base, a mufile supported on
said base and provided withh a tapped elesctric
heating element and contact members connecied

thereto and engaging the upper ends of said first o

contact members, and means for connecting said
muffle element to a source of electric power in-
cluding & switch member arranged to slidably
engage the lower ends of said first contact merns
bers for selectively energizing different lengths
of said element.

7. An electric furnace comprising, a plurality
of muffles including tapped heating elements, a
base support for said muffles, contact members
carried by said base and connected to interme-
diate portions of said elements, a plurality of
banks of contacts carried by said base, ccnduc-
tors connected to said eclements and banks of
contacts and providing a plurality of electric cir-

cuits including said elements in various series and .

parallel combinations, a plurality of sliding con~
tacts simultaneously and selectively enzaging
said banks of contacts for selecting the circuit
desired, another sliding contfact selectively en-
gaging said first contact members for incorpo-
rating in the circuit selected a variable portion
of one of said heating elements, and means man-
ually controlled at the front of =aid base for
moving said first named plurality of sliding con-

tacts simultaneously and for moving said second ;

named sliding contact independently of said piu-
rality of sliding contacts.
THOMAS H. FORDE.
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