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[57] ABSTRACT

A batch material feeder for an electrically heated open-
top refractory furnace, particularly a circular furnace,
wherein the feeder includes a trough holding batch
material and mounted over the furnace top, there being
a rotatable agitator within the trough for moving batch
material over discharge openings in the trough bottom,
so as to deposit the batch material over the top of the

414/147  molten mass in a manner that provides for a thin uni-
(56] References Cited form layer of batch while assuring proper control of the
thickness of the deposited 1 .
U.S. PATENT DOCUMENTS poSIEe JYE
1,992,994 3/1935 Delpech . 10 Claims, 5 Drawing Figures
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METHOD AND APPARATUS FOR FEEDING A
GLASS MELTING FURNACE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a method and appara-
tus for distributing a controlled thin layer of particulate
batch material over the top surface of a mass of molten,
heat softenable material such as glass, such as in a circu-
lar electrically heated, open-top furnace and in a fur-
nace for refractory materials in particular.

In the operation of an open-top electrically heated
furnace, heat softenable batch materials such as glass
forming oxides are continually fed onto the upper sur-
face of the melt to replenish the melt 1n compensation
for the refined molten material that is continuously
withdrawn from the furnace through a centrally located
outlet. These batch materials when spread in a layer
over the upper melt surface also serve as a partially
insulating blanket to minimize the heat loss to the ambi-
ent through the top of the melt. Problems arise when an
even layer of batch of a certain minimal thickness is not
maintained over the whole upper surface of the melt.
Regions of the batch layer that are too thin “melt out,”
exposing the molten material and creating regions of
excessive heat loss, which occurrence tends to lower
melt temperatures thereby lowering melt flow rates. In
addition, regions of uncovered melt may cause equip-
ment located over the furnace, such as a batch feeder, to
be exposed to excessive heat. When too thick a layer is
deposited melt temperature will rise, increasing melt
flow rate. Too much batch also promotes formation of
a surface crust when hinders the passage of overlaying
batch therethrough.

Inability to maintain a uniform thin layer of batch at
an optimal thickness contributes to undesirable hot and
cold thermal cycling of the melt and a resulting undesir-
able fluctuating of furnace performance. These ill ef-
fects are aggravated as the operating temperature of a
furnace is increased; thus in refractory furnaces which
typically operate at 3400° F.-4000° F. the need is great-
est for the controlled deposit of batch.

One known method of feeding batch material to a
circular, open-top furnace includes a distribution pan
mounted to move over the melt surface in a circular
path to sweep from the inner to the outer regions of the
melt surface in an oscillating manner. Batch is fed to the
pan which in turn deposits the batch across the melt
surface. The pan does not evenly deposit the batch and
the operation must be supplemented with manual distri-
bution by an operator using a wooden hoe in an attempt
to form a uniform thin layer of batch of desired thick-
ness. The batch feeders disclosed in U.S. Pat. No.
3,980,460 are designed for lateral distribution of batch
material over the length of furnace chambers of a square
or rectangular form. Such methods and equipment do
not deposit a thin uniform layer of batch.

It 1s an object of the invention to provide in an open-
top electric furnace, a batch feeder for depositing batch
materials onto the entire melt surface in a uniform thin
layer and to continually supplement that layer in a con-
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trolled manner that ensures that an optimal thickness
will be maintained.

Another object of the invention is to feed batch mate-
rial to an open-top electrical furnace in a manner that
effectively and efficiently reduces heat loss through the
upper surface of the melt.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides in a
circular open-top electric furnace a method for feeding
batch material to the upper surface of the melt that
includes: quickly loading a perforated bottomed trough
with a charge of batch such that the batch does not pass
through the perforations; moving the trough as a radial
arm about the furnace center while agitating the charge
of batch material in the vicinity of the perforations so as
to discharge batch through the perforations and onto
the entire upper surface of the melt in a thin layer, agita-
tion occurring only during rotation of the trough; auto-
matically stopping the motion of the trough after a
predetermined number of revolutions and when a de-
sired thickness of batch layer is deposited; sensing the
level of the charge of batch within the trough and in
response to a depletion, automatically reloading the
trough with batch; and sensing the thinning of the batch
layer to a thickness less than a certain minimal and in
reponse thereto automatically restarting the depositing
action of the trough.

The invention also includes apparatus for depositing
particulate material over a circular area such as the
upper surface of a molten mass carried in a circular,
open-top furnace, which includes a trough-like hopper
for holding particulate material and carried by a car-
riage which is mounted for rotation in a horizontal
plane such that the hopper traverses the circular area in
the fashion of a radial arm about the center of the area,
the bottom of the hopper having discharge openings
that extend generally radially. The apparatus also in-
cludes means for supporting the carriage and means for
rotating the carriage. An agitator is located within the
hopper in the vicinity of the openings, for engaging and
stirring material within the hopper and facilitating its
flow through the hopper openings. The agitator is con-
nected through a gear drive train with traction means
carried by the carriage support, such as a ring gear, for
driving the agitator whenever the carriage is in motion.

The invention also entails means, such as a heat sen-
sor, for detecting the thickness of a layer of batch mate-
rial on the upper surface of a melt, and means, respon-
sive to the thickness sensor, for controlling the revolv-
ing of the hopper carriage. In the preferred embodiment
of the invention, after the hopper has revolved a prede-
termined number of times it is stopped at a loading
station where there is located means for sensing when
the hopper is almost depleted of its charge. The loading
station includes apparatus for discharging into the
hopper a predetermined amount of material which 1s
conveyed thereto from a supply bin by pneumatic
means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of the batch feeder
according to the invention;

FIG. 2 is a fragmentary view in partial cross-section
of the furnace and batch feeder and including batch
storage and supply apparatus.

FIG. 3 is an enlarged view in partial cross-section

taken along the line 3—3 of FIG. 1;
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FIG. 4 is an enlarged view in cross-section taken
along the line 4—4 of FIG. 1; and
FIG. 5 15 an enlarged view in partial cross-section
taken along the line 5—5 of FIG. 1.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring to FIG. 2, an overall melting furnace for
refractory material is indicated at 21 and includes a
furnace shell 20 from which molten refractory is dis-
charged through an outlet member 24. Primary elec-
trodes, not shown, are positioned radially about the
outlet member 24, and the refractory material is melted
by the heating effect of current flowing between the
primary electrodes and the outlet member 24 to form a
pool of molten material 23. A batch layer 22, established
on the surface of the molten mass 23 replenishes the
pool of molten material 23 as molten material is dis-
charged from the furnace through outlet 24 and also
acts as an insulating blanket thereon to ensure efficient
operation of the furnace 21.

A batch feeder 16, embodying the invention, and
shown in FIGS. 1 and 2, includes a support ring 11
which is centered over the furnace chamber 20 and
mounted to rotate in a horizontal plane about its center.
As shown in FIG. 3, support ring 11 has upper and
lower flange portions 12 and 14, respectively. The
weight of support ring 11 and of the feeder equipment
attached thereto, which will be described hereinafter, is
supported by a series of free-wheeling steel rollers 25
upon which rides the lower surface of ring flange 14.
The rollers 25 are suitably mounted at equally spaced
points along a stationary support ring 13 which is sup-
ported at six equally spaced points along its circumfer-
ence by a fixedly mounted support frame 37. Also car-
ried at s1x points along frame 37 are free-wheeling steel
rollers 27 mounted on vertical shafts 33 in clevis 28. The
rollers 27 ride against an outer surface of support ring
11 so as to maintain the rotational axis of the ring 11
about the center of the furnace. The clevis are mounted
through springs 26 to allow roller positions to adjust to
allow for thermal expansion and contraction of support
ring 11. Attached to the support frame 37 by way of
support arms 35, are free-rotating upper rollers 29
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which engage the upper surface of flange 12 of the 45

support ring 11 to steady the rotation of ring 11 in a
wobble-free path.

A circumferentially extending driven gear ring 15, as
best shown in FIG. §, is affixed to the outer surface of
the vertical web portion of the support ring 11. The
primary drive unit 41 includes an electric motor 43
which is secured to a firmly anchored support stand 49.
A right angle drive and gear reducer 45, connected to
the motor 43 has a downwardly extending output shaft
30 to which is attached drive spur gear 51. Drive ring
gear 15 and spur gear 51 mesh in a drive relationship.

As FIGS. 1 and 4 show, the batch feeder 16 further
includes a trough support frame 17 that extends diame-
trally between attachment points on the inner periphery
of support ring 11. A batch trough 19 mounted between
support members of the support frame 17 as shown in
FIG. 4, extends radially above the melt 23 for a distance
substantially the radius of the upper surface of melt 23.
Mounted within the trough 19 is batch agitator 53
which comprises four longitudinally extending paddles
57 attached symetrically about disk-like supports 59
attached to radially extending drive shaft 55 which, as
seen in FIG. 3, is rotatably mounted in bearings 71
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carried on the innermost trough wall 72, and through
bearings 73 carried on the outermost trough wall 74.
The radially outward end of shaft 55 is joined by means
of a coupling 75 with the output shaft of a right angle
drive 77 which is fixedly mounted to the trough wall 74
by way of support members 78. A shaft 79 extends
vertically upwardly from the right angle drive 77 and
has a driven spur gear 81 affixed thereto. The stationar-
ily mounted gear ring 31 which is attached to the sup-
port ring 13, engages the spur gear 81.

As may best be seen in FIGS. 3 and 4, there are a
series of slots 65, each slot having a diagonal configura-
tion (as viewed in FIG. 3), which series of slots extends
longitudinally across the lower right and left portions,
as viewed in FIG. 4, of trough 19. The discharge slots
65 are grouped into four longitudinally extending dis-
charge zones. Adjacent each zone of slots 65 is a baffle
plate 61 mounted in guide brackets 63 flush with and
slidably engaging the exterior surface of trough 19. The
baffle plates have slots 64 which match in size and con-
figuration the corresponding trough discharge slots 65.
An adjust knob 69, attached to each baffle plate has an
end (not shown) which is adjustably mounted for ad-
justing the baffle plate 61 back and forth such that the
effective size of discharge openings is greatest when
slots in baffle and trough fully align with each other.
Further adjusting of the baffle plate from this position
progressively narrows the effective size of the dis-
charge openings. The maximum size for each of the
trough openings is that size which, it has been discov-
ered for a batch material of a given consistency, does
not permit unassisted out-flow of material. In the pre-
ferred embodiments, these openings are for handling a
typical alumina and silica refractory batch and take the
form of slots measuring approximately §'* < 33".

Although in the preferred embodiment of the inven-
tion, the agitator 33 is driven in direct rotation, eccen-
tric drive means (not shown) may be installed between
the right angle drive 77 and the agitator shaft 55 so that
shaft 55 may be driven rotationally back and forth in an
oscillating fashion.

Shown in FIG. 2 is a batch dispersion box 83, held in
position above the batch feeder 16 by a support arm 88.
Box 83 has four sides and a top with an open bottom 84
being disposed such that the batch feeder 16 may be
rotated into a loading position where the open top of
trough 19 is directly below dispersion box 83 and
aligned with box opening 84. A mechanically activated
limit switch 86, shown in FIG. 3, is affixed to a portion
of the support frame 37 which is below and radially in
line with dispersion box 83. A limit switch actuator 88
depends upwardly from the right angle drive 77 so as to
engage the limit switch 86 when trough 19 has been
revolved to the above-described loading position.
There is a non-contact, level sensor, not shown, that is
preferably located along the length of the dispersion
box 83, and which is responsive to the level of batch
within the trough 19.

A hopper 87, holding a reservoir of batch material, is
located above a metering unit 89 to which it delivers
batch material by way of valve 90. Valve 90 will auto-
matically deliver a quantity of batch material to the
holding chamber of the metering unit 89 equal to an
amount sufficient for filling the distribution trough 19.
On predetermined signal, a high pressure air blast, peri-
odically delivered to the airtight chamber of the meter-
ing unit 89 will propel its charge of batch material
through a conduit 91 as a plug of material in the manner
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known as dense phase conveying. Conduit 91 connects
with the interior of the dispersion box 83 through a
discharge pipe 93 which directs material downwardly
toward trough 19. Any excess dust is returned by con-
duit 95 to a dust collector 97 which in turn redelivers
collected material to the metering unit.

In the operation of preferred embodiment of the in-
vention, the support ring 11 and the apparatus it carries
is driven by drive assembly 41 to revolve at a steady
rate, typically 3-5 rpm. The limit switch actuator 88
will, once on each revolution of the feeder assembly 16,
engage the switch 86 which signals the stopping of
rotation of the feeder assembly 16 in a position where
the trough 19 is held directly below the open bottom 84
of the dispersion box 83 (within plus or minus 2%). The
trough batch level sensor, such as WESMAR SONIC
sensor, will then detect whether the level of batch in the
trough 19 is below some predetermined level, upon
which occasion the batch metering unit 89 is signaled to
deliver its charge of batch by way of dispersion box 83
to the trough 19. This delivery of batch is accomplished
in a very short time, typically 3 to 5 seconds. By virtue
of the fact that batch material will not flow through the
open discharge slots 65 whenever the trough 19 is sta-

6

of the invention if they are within the spirit and tenor of
the accompanying claims.

What is claimed is:
1. Apparatus for depositing particulate batch material

5 over substantially the entire top surface of molten mate-
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tionary, there is no undesirable depositing of batch dur- 25

ing this loading operation.

Three temperature sensors (not shown) such as the
IRCON MODLINE UNIT, are responsive to the thick-
ness of the batch layer 22 falling below a specified mini-
mum level, by determining when a specified maximum
temperature is exceeded within 30X 40 inch areas be-
tween each primary electrode. If the maximum temper-
ature is exceeded a signal starts the motion of the batch
feeder 16 after a three to four second delay for recharg-
ing. When the temperature sensors indicate that the
batch layer 22 is sufficient, the trough 19 will remain at
its loading position until the need for batch distribution
is indicated. Once put in motion, the batch feeder of the
invention will make one revolution of the furnace after
which the trough 19 will be delayed at its loading posi-
tion for 3 to 4 seconds, which time period allows for any
recharging of the trough 19 if the necessity is detected,;
then the depositing action will be automatically re-
sumed if the heat sensors indicate the need for contin-
ued distribution of batch material.

Because of the flow patterns taken by molten material

in an electric furnace, deposited batch will melt at dif-
fering rates in those surface regions that vary in their

radial position from the center of the melt. In the pre-
ferred embodiment of the invention, the groupings of
discharge slots 65 into four regions longitudinally
across the trough bottom, and the individual adjusting
of discharge slot size within these regions, provide for
feed rates that vary over four annular zones of the melt
surface in order to accommodate the differing feed
requirements of these zones. Thus, melt and feed rates
are substantially balanced over the entire upper surface
of the melt and at a pre-determined rotational speed of
feeder assembly 16 and agitator 53 the depositing of the
desired uniform, very thin layer over the entire melt
surface is achieved. Using the apparatus of the preferred
embodiment, a fine batch layer typically ranging in
thickness from 0.008’’ to 0.13" may be uniformly depos-
ited over the melt of a refractory furnace.

Various modifications of the above described em-
bodiments of the invention will be apparent to those
skilled in the art, and it is understood that such modifi-
cations can be made without departing from the scope

30

35

45

50

55

60

65

rial in a furnace, comprising;

(a) a carriage; means for supporting said carriage for
movement in a generally horizontal plane over said
surface:;

(b) means for driving said carriage;

(c) a trough-like hopper carried by said carriage for
holding said particulate material, the bottom of said
hopper having material discharge openings;

(d) an agitator mounted within said hopper for engag-
ing said particulate material in the vicinity of said
openings; |

(e) means for driving said agitator whenever said
carriage is driven to effect the flow of said particu-
late material through said openings;

(f) means responsive to the thickness of said deposited
material, for controlling the movement of said
carriage; and

() means responsive to the depletion of said particu-
late material in said hopper for controlling the
supplying of said hopper with particulate material.

2. Apparatus according to claim 1 wherein said agita-

tor comprises a longitudinally extending shaft rotatably
mounted within said hopper, said shaft carrying a plu-
rality of longitudinally extending paddles spaced from,
and parallel to, said shaft and wherein said agitator
driving means includes gearing connected to said shaft
and engaging stationary traction means on said carriage
support means. ”

[ 3. Apparatus for despositing particnlate batch mate-

rial over substantially the entire circular top surface of
molten material in a circular furnace, comprising:

(a) a carriage mounted for rotation in a generally
horizontal plane over said circular surface about
the center of said surface; |

(b) means for supporting said carriage;

(c) means for rotating said carriage;

(d) a trough-like hopper carried by said carriage for
holding said particulate material, the bottom of said
hopper having material discharge openings;

(e) an agitator mounted within said hopper for engag-
ing said particulate material in the vicinity of said
openings; and

() means for driving said agitator whenever said
carriage is rotated to effect the flow of said particu-
late material through said openings. }

[4. Apparatus according to claim 3 wherein said

discharge openings are provided in the bottom of said
hopper for a radial extent substantially equal to the
radius of the surface of said molten material. ]}

5. Apparatus [according to claim 3 including] for

depositing particulate batch material over substantially the
entire circular top surface of molten material in a circular
furnace, comprising:

(a) a carriage mounted for rotation in a generally hori-
zontal plane over said circular surface about the cen-
ter of said surface;

(b} means for supporting said carriage,

(c) means for rotating said carriage;

(d) a trough-like hopper carried by said carriage for
holding said particulate material, the bottom of said
hopper having material discharge openings, said dis-
charge openings being provided in the bottom of said
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hopper for a radial extent substantially equal to the
radius of the surface of said molten material;

(e) an agitator mounted within said hopper for engaging
said particulate material in the vicinity of said open-
ings;

(/) means for driving said agitator whenever said car-
riage is rotated to effect the flow of said particulate
material through said openings; and

(g) means responsive to the thickness of said layer of
material, for controlling the [rotating} rotation of
said carriage.

6. Apparatus according to claim [3] 5 wherein said
agitator comprises a longitudinally extending shaft ro-
tatably mounted within said hopper, said shaft carrying
a plurality of longitudinally extending paddles spaced
from, and parallel to, said shaft and wherein said agita-
tor driving means includes gearing connected to said
shaft and cooperating with a circumferentially extend-
ing stationary gear on said carriage support means.

7. Apparatus according to claim 6 wherein said agita-
tor shaft gearing drives said agitator rotatably about its
axis.

8. Appartus according to claim 6 wherein said agita-
tor shaft gearings drives said agitator in an oscillating
manner about its axis.

9. Apparatus according to claim [3] 5 wherein there
are radially extending groups of said discharge open-
ings, each group of openings being adjustable as to
opening size.

10. An apparatus according to claim [3] 5 wherein
said carriage includes a circular vertically extending
surface and a circular horizontally extending surface,
said carriage support means having a first plurality of
rollers on radially extending axes for engaging said first
horizontal carriage surface for supporting said carriage
and a second plurality of rollers on vertical axes
mounted on said carriage support means, for engaging
said vertically extending circular surface for holding
steady the axis of rotation of said carriage.

11. A method for continually depositing a thin, uni-
formly thick layer of batch material over substantially

the entire top surface of molten material in a furnace
comprising:
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8
(a) quickly loading a perforated-bottomed trough

with a charge of batch material, such that the batch
does not pass through the perforations;

(b) moving the trough in a generally horizontal plane
above the molten material while agitating the
charge of batch material in the vicinity of the per-
forations so as to discharge batch through the per-
forations and onto the upper surface of the molten
material in a thin layer, said agitation occurring
only during moving of the trough;

(c) stopping motion of the trough after a pre-deter-
mined distance of travel and when a desired thick-
ness of batch material is deposited;

(d) sensing the depletion of the charge of batch within
the trough and in response thereto automatically
recharging the trough; and

(e) sensing the thinning of the batch layer to a thick-
ness less than a certain minimal and in response
thereto automatically restarting the depositing mo-
tion of the trough.

12. A method for continually depositing a thin, uni-
formly thick layer of batch material over substantially
the entire top surface of molten material in a circular
furnace comprising:

(a) quickly loading a perforated-bottomed trough
with a charge of batch material, such that the batch
does not pass through the perforations;

(b) moving the trough as a radial arm about the fur-
nace center while agitating the charge of batch
material in the vicinity of the perforations so as to
discharge batch through the perforations and onto
the upper surface of the molten material in a thin
layer, said agitation occurring only during rotation
of the trough; |

(c) stopping motion of the trough after a pre-deter-
mined number of revolutions and when a desired
thickness of batch material is deposited;

(d) sensing the depletion of the charge of batch within
the trough and in response thereto automatically
recharging the trough; and,

(e) sensing the thinning of the batch layer to a thick-
ness less than a certain minimal and in response
thereto automatically restarting the depositing mo-

tion of the trough.
¥ % ¥* L *
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