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This invention relates to fuel pulverizers such
as ball miil pulverizers, and more particularly re-
lates to sir-swept ball mills for pulverizing coal
-and to apparstus for, and methods of, indicating
and conirolling the charge therein, and control-
ling the output thereof.

This application is g continuation of applica-
tion Serial No. 607,282, filed April 25, 1932.

In order to control the output and fibeness of
the product of ball mill pulverizers, it is necessary

fom Serial No. §0%282,
This sppiication

February &,

"in the mill nﬁay be increased until the mill plugs

(13
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o maintain the quantity or volume of the charge -

_in the mill, that is to say, the amount of mixture
of the product and the grinding balls, not in-
cluding the powdered material suspended in the
air current, substantially comstant irrespective
of the rate of grinding of the product. If the
volume of the charge is permitied to increase ma-
terially above normal, the charge may spill over
into one or more of the {runnions, particularly
the discharge trunnion, and may restrict the
opening through which the air enters the pulver-

izer and the connection through which the prod- .

uct leaves the mill, thereby reducing the output
of the pulverizer. If the guantity of charge is
permitted to fall materially below normal, there

will be a deficiency of product and an excessive

.rate of wear of the grinding balls and the liners
of the mill. It has heretofore been the praciice

‘to judge the correctness of the quantity of charge.

“in ball mill pulverizers by the sound produced by
the mill and to control the rate at which the
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product was fed to the mill by hand in accord- -

ance with the sound. This has required the con-
stant attention of experienced operators.

_ In accordance with the present invention, pro- &

vision is made for positively indicating the quan-
tity of the charge in ball mill pulverizers and
for automatically controlling the same.irrespec-
tive of pressure variations within the mill.

To control the output of pulverizers, it has been
the practice heretofgre to vary the feeding to the
mill of the material'tc be pulverized proportion-

“ally to the output desired without changing the
.gir flow through the mill exceptitig: to provide
more or less air at the burners or at other points
of use. When the capacity of the mill is varied
by varying the feed, the quantity of material in
the mill undergoing pulverization may change by
several hundred percent if the rate of feed and
the output are not synchronized exactly. -If the
output is substantially greater than the rate of
feed for any length of time, the quantity of

material in the mill may be completely depleted,’

whereas if the output is less than the rate of

es
(1}
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wise
“rnoved from the mill is substantially -propor-

up. Exach synchronization of the feed and the
outpui has seldom been anything but scecidental
because the mill operstor had other duties and
could not spend all his time listening to the mill.

Tn accordance with the present invention, the
cepacity or outpub of pulverizing mills is con-
srolled by sutomatically maintaining o constant
or substantielly constent supply of-‘materiel in
the mill and varying the flow of air through the
mill to vary the output thereoi. By meintaining
o constént cquantity of msteriel in the mill, &

‘eonstant stete of agitation is maintained, in con-

sequence of which & substantially constant con-
centration of pulverized meterlal in suspension
per unit quentity of air Is meainteined, Hence
by verying the alr fow through the mill in ac-
cordence with the present invention, the guantity
of pulverized material taken out of\the mill mey
be readily veried without ¢lag,—Actual meas-
uremenis heve shown that, irrespective of the
outpub of the mill, the quantity of pulverized me-
terial taken oub per pound of air is substentially
the same over the operaiing range in ball mill
pulverizers of the characier disclosed, or -other-
expressed, the quantity of materiel re-

tional to the flow of eir through the mill over
the opereting range. This result cannot be ob-
teined with prior practice wherein the mill out-
put is controlied by varying the feed and the
air fAow through the mill is maintained substan-
tially constant or is varied only %0 suit the
requirements of the burner, because the amound
of pulverized material in suspension at any givem
time per unit quantity of alr varles with the
amount of materiel in the mill, and even though
the air flow through the mill is meintained sub-
stentially the same, different quantitics of ma-
terial will be teken out of the mill in a given
time, depending upcn the smount of material in
the mil gt that thme, ) &

The nature and advantages of the invention
will be apparent from the following description
taken in conjunction with the accompanying
drawings forming a part of this specification, and
in which: ’

Fig. 1 is & view in elevation, with parts in se-

_tion, of @ ball mill pulverizer together with in-
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dicating and charge controlling apparatus em-

bodying the invention;

feed at any. given time, the amount of material 86

Tig. 2 is an end elevation of part of the struce-
ture shown in Fig. 1; .

Tig. 3 is a transverse sectional view taken on
line 3—3 of Fig. 1; : *



2

Fig. 4 is an enlarged transverse sectional view
taken on line 4—4& of the .controller shown in
Fig.1;

Fig. 5 is a cross-sectional view taken on line
8—5 of Fig. 2 showing in detail the fitting and
atmospheric air inlet plug located in the pipe
connections to the controller; :

Fig. 6 is a fragmentary sectional view of an-
other form of the apparatus shown in Fig. 1:

Fig. 7 is a transverse sectlonal view.showing

the charge controlling apparatus applied to a

ball mill having a cylindrical drum, and

Fig. 8 is a view showing the application of the
feed controller to an air pressure control system.

Referring to Figs. 1, 2 and 3, reference charac-
‘ter 18 designates the steel shell of the drum of a
conical type ball mill for pulverizing coal or other
material, but as will appear hereinafter, the novel
charge controlling apparatus may be used with
various types of ball or tube mills. The drum or
shell is provided with trunnions (1 and 12 which
are rotatably mounted in bearing supports 13
and 14. A ring gear 13 is suitably fastened to the
conical portion of the drum and is driven by
motor 16 through a shaft (7 and a pinion I8.
Shaft 17 is journalled in bearing brackets (8 and
19°. The interior of the steel shell is lined with a
Plurality of liners 20 made of steel or other suit-
able wear resisting material. The drum con-
tains grinding balls 21 and coal 22. Coal to be
pulverized is fed to the mill through trunnion 11
from a chute 23. Air for sweeping the mill is
introduced through an opening 24 located in the
side of the chute. The size of the opening is
varied by adjusting the slide 25. A discharge
conduit 26 extends into the trunnion 12 and is
supported on the foundation 27 by a support 28.
An exhauster fan P is connected to the discharge
conduit and maintains a suction within the mill,
the degree of suction depending upon the posi-
tion of damper 26 and the size of opening 24, and
the speed of fan F. Fan F is driven by a variable
speed electric motor 150, the operating speed of
which may be varied by a rheostat (51 in the
motor circuit.

A disc-type coal feeder has been shown, but it‘v

will be understood that any suitable feeder, such
as one of the screw or plunger types, may be used
if desired. The hopper 38 is supplied with coal
from & bunker in the usual manner. This coal
falls onto a rotating feed table or disc 3f and is
swept therefrom by a shear plate 32 into the con-
duit 33. The feed table is driven by an electric
motor 34 through suitable reduction gearing 35.
From_conduit 33 the coal enters charging.trun-
nion {1 by means of the chute 23.

- Two relatively small metal indicator tubes 36
and 37 are situated adjacent the discharge con-
duit and enter the mill through the discharge
trunnion. These tubes are rigidly fastened in
place and have their inner ends bent downward-
ly. The extreme inner ends of the indicator

tubes are each given a different position with re-.

‘spect to the quantity of charge in the milt. The
outer ends of the indicator tubes are suitably
connected to U tubes 48 and 8. Positioned in
indicator tube 36 is a fitting 42 and a pet-cock
43. Similarly in indicator tube 37 is a fitting
42’ 4nd a pet-cock 43°. As shown in Fig. 5, the
fitting is provided with a threaded plug 48 which
has a passage 45 through which air from the at-

mosphere Is drawn. The passage terminates in .

& chamber 48 from which the air is admitted to

the indicator tubes through port 47, the rate of 75-
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flow through the port 41 being determined by
the position of the threaded plug. :

Another small metal tube 58, which may be
termed a reference tube, is arranged parallel to
the indicator tubes and has an open inner end
within the mill permanently out of contact with
the charge in the mill. The reference tube is
provided with a fitting §1 similar in all respects
to fitting 42. The U tubes are connected in par-
allel to the reference tube by a suitable tube con-
nection 52. )

The operation of the means for indicating the
quantity of charge in the mill is as follows: As
shown in Fig. 3, variations in quantity of charge
in the mill have been indicated by the surface
lines H, N and L. The arrow indicates the di-
rection of rotation of the drum. Assume that
the quantity of charge in the mill is that repre-
sented by line N, which may be considered as a
normal charge. Under this condition the inner
ends of tubes 36 and 58 are uncovered while the
charge has covered the inner end of tube'31. Due
to the suction or low pressure in the mill result-
ing from operation of the fan F, air is drawn into
the mill through the conduits 38, 37 and §8. The
closing of conduit 37 by the charge makes the
drawing of air through the same difficult and the .
pull of air through this conduit may be even sub-
stantially prevented. With substantially the
same opening in fittings 42 and 81 or by suitable

- adjustment thereof, the suction applied to the
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pipes 36 and 60 will be substantially the same,
wherefore there will be no substantial difference -
of level of liquid in the U tube 49. On the other
hand, there is an appreciable suction on the
right-hand leg of U tube 41 compared with the
left-hand leg which is in communication with
pipe 31. Consequently, the liquid will rise in the
right-hand leg of U tube &1 to a substantial
height with reference to liquid in the left-hand
leg. Thus, a comparison of the difference of
height in the U tubes 40 and 41 will indicate the
quantity of charge in the milk .

Referring now to the charge regulating appa-
ratus, a control tube 83 is provided adjacent
tubes 36 and 37 and is open inside the mill at
surface N and has positioned therein a fitting §4
like fitting 42 and a filter §5. Likewise, a fitting
51 and a fliter 57 are located in the reference
tube 50. .The control and reference tubes are
-connected to & feed controller §9.

Referring now to Fig. 4 where the pulverizer
feed controller is shown in detail, 81 designates
the casing of the controller in which is located a
bell float 62, the lower edge of which is submerged
In a liquid such as water or mercury. The edge
of the bell float may be provided inside with a
band 63 of cork or other material for fioating the:
bell. The casing 61 is provided with a cover-
Plate 64. A bracket 68, preferably formed in-
tegral with the cover-plate, supports a mercury
switch 66. This switch comprises switch points
61,.68, 69 and 78 which are sealed in a glass tube
1{ containing inert gases and a quantity of mer-
cury. The glass tube is secured to a lever 12 by
a strap 13. The lever is pivotally fastened at 17
to the bracket. The end of the lever is provided
with a slot. A rod 14 is attached at its lower

- end to the bell float and slides through guide 75

70

arranged in the boss 78 located centrally of the
cover-plate. The rod is threaded and carries two
adjusting nuts 88 and 8i. These nuts are pro-
vided with spherical faces. The upper end of the
rod is pressed downwardly by the weighted lever
‘84 which 1s pivotally fastened by pin 8§ to a
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. cored lug 82 on the cover-plate. The weight 86
may be moved along the lever to any position for
_adjustment purposes. The upward movement of
" the bell float is limited by the adjustable stop
81. The sloited portion of lever 12 fits between
the nuts having spherical™faces. In the cover-
plate is a threaded bore 88 for connecting the
reference tube with chamber 908. Similarly, in
the depressed bottom portion 91 of casing 6 is
. another threaded bore 89 for connecting the con-
. trol tube 53 to chamber 82. Liquid is supplied
for sealing chamber 90 from chamber 92 by
means of an opening 93 covered by a cap-screw
94, The liquid may be drained from the casing
by removing cap-screw 95.

" Switch points 69 and 70 of the mercury switch
66 are zdapted to be electrically connected by a
movable mass of mercury therein in a kmown
manner. Switch point §9 is connected by a wire
88 to one terminal of the electric motor 34 and
switch point 10 is connected by wire 87 to-a
source of electric current such as a generator G.
A wire 98 connects the ‘generator G with the
other terminal of motor 34. Switch points 67 and
68 are connecteéd o wires 106 and {68, respec-
tively. When the movable mass of mercury in
switch 86 electrically connects points 67 and 68,
eurrent flows through a signal lamp (83.

The operation of the mill and pulvenzer feed
controller is as follows:

The electric motor 34, when in operation,
drives the feeding mechanism at such a rate that
more coal is supplied to the mill than needed.
The supply will usually be in excess of load re-
guirements and will a} least correspond to the
maximum capacity of the mill. As the quantity
of charge increases, the inner end of control tube
53 becomes more and more obstructed. The
reference tube 88 is permanently beyond contact
with the chaige. The conirol tube is thus ren-
dered less efiective to conduct air from the at-
mosphere through the port 47 to the mill. A
pressure approaching atmospheric pressure is
. thereby built up in the control tube and trans-

mitied io the chamber 82 of the controiler. Since,

the chamber 99, by means of the reference tube,
is put under a pressure directly related to the
suction pressure in the mill, a differential pres-
sure will result which causes the bell fioat to
rise.

The glass tube 11 of the mercury swn:ch is

tilted by movement transmitted thereto through
tever 12 and rod 14 from the bell fioat. The mass
of mercury is thereby caused to move away from
switch points 69 and 10 thus breaking the motor
eircuif - and stopping the feeding mechanism.
When this- cccurs, the signal lamp circuit is
closed by the mass of mercury which now con-
nects switch: points 67 and 68. Current then
flows through the signal lamp and lights the
same indicating that the motor circuit is broken
and the feeding mechanism is out of operation.

When the quantlty of charge in-the mill is re~
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duced and the inner end of the control tube §3 is

uncovered, the procedure juste described -is re-
versed and the feeding mechanlsm put into -op-
. era.tlon again.

With the charge of material in the mill main-
tamed substantially constant as heretofore de-~
scribed, the capacity or output of the mill is
varied by varying the flow of air through- the
mill. | This is accomplished as previously men-

@8
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lized, tHe flow of air through the mill is varied
by varying ‘the speed of the fan F, and a con-
stant suction is maintained in the m111 irrespec-
tive of the air flow by varying the position of
damper 25 to vary the size of opening 24. :

In Fig. 6, air under pressure from any suit-
able source, such as a compressed air line or
forced draft duct, is carried through conduit 104.
A pipe (05 is connected to conduit 104. Valves
106 and (07 are located in pipe 105.  The feed
controller 60 is connected to reference tube 50
by a tube 58’ and to control tube 53 by a tube
53’. Orifice plates 168 and (09 in tubes B0 and
53 respectively, are used for the same purpose as
fitting 42 shown in Fig. 5. By closing valve 106
and opgning valve 187, air under atmospheric
pressure is admitted through the orifice plates
and the operation of the mill and charge con-
trolling eguipment associated therewith is the
same as that set out for the apparatus shown in
Fig. 1. When valve (67 is closed and valve {08
open, air under a pressure higher than atmos-
pheric is admitted through the orifice plates. A
positive flow of air is thus introduced through the
tubes 50 znd 53. This prevents the tubes from
being clogged with coal dust while at the same
time permitting the quantity of charge within the
mill to determine the operation of the feed con-
troller 58 even if the suctien in the mill should
decrease to such 2 low value as to be insufficient
to actuate the feed coniroller 60. In such an
eventuality the motive force for operating the
controller would be the excess in pressure in tube
55 over that existing in tube 58. Consequently,
if the air pressure in pipe 18§ is in excess of the
pressure within the mill, the feed controller will
operate as described, even if a positive pressure
is maintained within the mill.

In Fig. 7, an air swept mill of the cylindrical
type is shown. The trunnion {18 is supported by
bearing member {{i. The cylindrical drum por-
tion 112 is fastened to the trunnion and is filled
with = charge of grinding balls 21 and coal 22.
A cone 119 is arranged axially of the trunnion
and is fastened thereto by any suitable means
end projects inwardly of the drum intermediate
the discharge conduit 26 and the cylindrical wall
of the drum. During operation, the material in
the drum comes in contact with cone {13 which
prevents the material from entering the dis-
charge conduit 26. Coal particles-obstruct the
inner end of tube 63 when the quantity of charge
is t00 great in the same manner as shown in con-
nection with Fig. 1. The operation of the feed
controller and cylindrical type ball mill is as de-
seribed for the form shown in Fig. 1. It will be
understood that the tubes 50 and 53 may be con-
nected either to the regulating means or the in-
dicating means, or both.

Fig. 8 dlagroammatlcally indicates the applica-
tion of the feed controller 68 to an air pressure
control system forethe motor 34 driving the feed-
ing- mechanism. The motor 34 is shown as of
the compound-wound type having series field {14
and shunt field (15. A rheostat $16 is located in
thé>shunt fleld circuit. A source of electricity
genérally indicated by generator G supplies cur-

- yent to the motor circuit {17—{18. A solenoid
. §18 is connected in e solenoid circuit which is ar-

70

tioned, by varying the size of opening 24 by ad« -

" justment of slide 25 or by changing the speed of
tan ¥, or both, .If both control means are ‘qti-

5

" indicated by wires 96 and 87.

ranged in parallel with the motor circuit and is
As shown in Fig.
4, wires §6 and 97 are connected to switch points
65 and 10, respectively. A resistance 120 is lo-
cated in the solenoid circuit. ‘When switch
points 68 and 10 are connected by the mass of
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mercury in glass tube 7§ of the mercury switch,
current from generator G flows through lead 121
to wires 96 and [(T. After flowing through the
solenoid 119 and the motor 34, the current from
wires 81’ and ({8 enters the lead 122 and thus
the circuits are completed.

The core (23 of the solenoid (19 is connected
by link 124 to a lever 128 for turning valve 126.
A spring (21 is hooked in lever 125 and fastened
at 128. When the solenoid is energized, as
shown in Fig. 8, valve 126 is in a position for dis-
tributing air under pressure from tank 129
through conduit connections 136 and 131 to
chamber {32 of servo-motor 133. Motor com-
pressor 134 compresses air into tank {29 through
a conduit (35. Air is exhausted from the servo-
motor through a conduit connection #1317 to valve
126. Stops {38 and 139 prevent over travel of
piston (40. The piston rod {41 is connected to
rheostat arm (42 by a link {43. The rheostat
arm swings about a pivot 144. The motor 34
is operating at full speed with the parts in the
position shown. If the quantity of charge in the
mill becomes too great, the bell float rises, as de-
scribed in connection with Fig. 1, and the connec-
tion between switch points 69 and 10 is broken.
The solenoid is thus de-energized and spring 127
shifts the valve (26 counter-clockwise 90 de-
grees. In this position of the valve, air under
pressure is admitted through conduit connec-
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tions 130 and 137 to chamber 145 and exhausted -

from chamber {32 through conduit connection
131. The piston then travels to the left as viewed
in the drawings. This causes the rheostat arm
to be moved to contact point 146 with the result
that the speed of the motor 34 is reduced to ap-
proximately half. With the motor 34 driving
the feeding mechanism at reduced speed, a con-
siderable reduction is realized in the quantity of
coal fed to the mill.

It will be seen that with all of the arrange-
ments disclosed, the charge level or the quantity
of the charge in the mill is controlled and indi-
cated in response to the differential of the pres-
sure existing in a so-called control tube or fluid
conducting member through which air, in the
forms disclosed, flows into the mill and which
has an opening disposed in the mill so that it
will be covered and uncovered by the material
being pulverized, and the pressure existing in a
- so-called reference tube or fluid conducting mem-
ber through which air flows into the mill and
which has an opening disposed in the mill above
the maximum desired level of the charge so that
it will not be covered by the material being pul-
verized. Variations in the charge level cause
variations in the extent to which the material
closes and opens the mill end of the control tube
and hence causes changes in pressure in the con-
trol tube. Since the mill end of the reference
tube is always fully oran and the pressure re-
‘sponsive devices which control the feeding means
and the indicating means respond to the differ-
ence in pressures ir. the control and reference
tubes, the control and indication of the charge
level in the mill is effected regardless of any pres-
sure variations in the mill itself. The material
being pulverized in effect operates as a valve
which opens and closes the mill ends of the con-
trol tubes and thereby causes the operation of
the pressure responsive devices which control the
feeding means and indicate the quantity of
charge in the mill.

By varying the air flow through the mill while
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substantially constant, a substantially constant
state of agitation is maintained and a substan-
tially constant concentration of pulverizer ma-
terial in suspension per unit quantity of air is
maintained: Operation of the mill in this man-
ner provides a ready control without a lag of the
output or capacity over theh operating range
while maintaining a substantially constant ratio
of pulverized fuel to air leaving the mill at all
times and irrespective of the output of the mill.

While the invention has been shown and de- -
scribed in connection with the regulation of the
motor driving the feeding mechanism, it will be
understood that it is not necessarily limited
thereto. In certain instances, it may be desir-
able to keep the motor running at constant speed
and to adjust the position of the shear plate on
the disc type feeder shown. This may be done
easily by connecting the servo-motor 133 shown
in Fig. 8 to the shear plate.

Since many variations may be made in the
forms of the invention herein disclosed, it will be
understood that the invention is not to be lim-
ited excepting by the scope of the appended
claims.

‘What is claimed is:

1. Pulverizing apparatus comprising a rotat-
able drum, feeding means for supplying material
to be pulverized to the drum, a motor for driv-
ing the feeding means, means for controlling
operation of the motor comprising a movable
member, means providing separate chambers on
opposite sides of said movable member, a tube
connecting one of said chambers with the interior
of the drum at a point at times within the body
of material in the drum, a second tube.connect-
ing the other of said chambers with the interior
of the drum at a point permanently outside the
body of material in the drum, a switch actuated
by said movable member, a solenoid actuated by
said switch, and a pressure fluid servo-motor
actuated by said solenoid.

2. A pulverizer comprising a closed revoluble
drum, means for feeding material to the drum
at a greater rate than it can be pulverized, a mo-
tor for driving said feeding means, a first tube
and a second tube having openings in said drum,
sald tubes being adapted to conduct a limited
amount of air from the atmosphere to the drum,
means determined by the quantity of charge in
said drum for rendering said second tube less
effective to conduct air to the drum, a switch for
starting and stopping said motor, said switch be-
ing adapted in its off-position to close a circuit
for lighting a signal lamp, and a differential
pressure responsive member connected to said
tubes, said pressure responsive member being
adapted to open said switch when the quantity of
charge is greater than a predetermined maximum
and to close said switch when the quantity of
charge falls below a predetermined minimum.

3. In combination with. pulverizing apparatus
including an air-swept revoluble drum adapted
to contain a body of material, indicating means
including a plurality of pressure differential
members, a first tube connected to all of said
members and subject to variations in pressure of
air sweeping the drum, a second tube connected
to one of said members and having an opening

- adapted to be covered by the material in the

maintaining the quantity of material in the mill 75

drum, and a third tube connected to another of
sald members and having an opening adapted to
be covered by the material in the drum, said sec-
ond and third tubes being arranged to have their
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openings closed by different quantities in the
_ 4, In combination with pulverizing apparatus
including an air-swept revolvable drum support-
ed on trunnions and adapted to contain a body of
material, a short inwardly projecting conical ex-
tension on one of sald trunnions adapted to re-
ceive overflow material from the drum, indicat-
ing means comprising a pressure differential
member, & first conduit connected to said differ-
ential member and with an opening sometimes
“within the body of the overflow material from
the drum within the conical trunnion extension,
and a second conduit connecting said differential
member with a point in said trunnion extension
permanently outside the body of overflow mate-
rial therein. o :

5. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means in
the drum for puiverizing the material therein,
means causing air to flow through the drum,
means for controlling the supply ‘means to con-
trol the level of the material in the drum com-
-prising a pressure responsive member connected
to the supply means, a tube connecting said mem-
ber with thé drum below the maximum desired
level of the material in the drum, and another
tube connecting said member with the drum at
a poing above the maximum level of the material
in the drum. .

8. Pulverizing apparatus comprising & drum,
means to supply material to the drum, means in
‘the drum for pulverizing the material therein,
means causing air to flow through the drum,
medns for controlling the supply means to_con-
trol the level of the material in the drum com-
prising & pressure responsive member connected
to the supply means, a tube connecting said
member with the drum at substantially the nor-
mal level of the material in the drum, and an-
other tube connecting said member with the

- 'drum at & point above the maximum level of the
material in the drum, said tubes having com-

‘munication with the atmosphere so as tc conduct
“air from the atmosphere into the drum. .

7. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means in
the drum for pulverizing ‘the material therein,
means causing air to flow through. the drum,
means for controiling the supply means to con-
trol the level of the material in the drum com-
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means to regulate the level of the material in
the drum. L i

9. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means in
the drum for pulverizing the material therein,
means causing air to fow through the drum,
control means for the supply means, and means
comprising a plurality of tubes connecting the
conirol means with the interior of the drum for
controlling said control means in accordance
with the level of the material in the drum, one
of said tubes having its drum end disposed inter-
mediate the maximum anq. minimum levels of
the material in the drum and another of said
tubes having its drum end disposed above the
maximum level of the material in the drum.

10. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means in
the drum for pulverizing the material therein,
means causing air to flow through the drum,
control means for the supply means, and means
comprising a plurality of tubes connecting the
control means with the interior of the drum for
controlling said contrel means in accordance
with the level of thé material in the drum, one
of said tubes having its drum end disposed inter-
mediate the magximum and minimum levels of
the material in the drum and - another of said
tubes having its drum end disposed above the
maximum level of the material in the drum, said

" ‘tubes having communication with the atmos-
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phere to permit the flow of gir through the tubes
into the drum. - . »

11, Pulverizing ‘apparatus comprising & drum,
means to supply material to the drum, means in
the drum for pulverizing the material therein,
means causing air to flow through the drum, and
means for indicating the quantity of the mate-
rial in the drum including a plurality of tubes
connecting the indicating means with the in-
terior of the drum-and responsive to the level of
the material therein, one of said tubes having its
drum end disposed intermediate the maximum
and minimum levels of the material in the drum
and another fube having its drum end disposed
above the maximum level of the material in the

12. Pulverizing apparatus comprising a drum,

- means to supply material to the drum, means in

60

prising a pressure responsive member connected
to the- supply means, a tube connecting said )

member with the drum at substantially the nor-
 mal level of the material in the drum,” and an-
other tube connecting said member with_ the
sdrum at a point abeve the maximum level of
the material in the drum, said tubes having com-
munication with a source of air under pressure
to conduct air therefrom into the drum.

8. A pulverizer comprising a rotatable drum,
puiverizing means in the drum, means for feed-
ing material to be pulverized into the drum, suc-
tion means connected to said drum, s hollow
member having a relatively small opening dis-
posed in the drum intermediate the desired
maximum and minimum levels of the material
and adapted to be obstructed by material in the
drum, & second hollow member having an open-
ing disposed.in the drum above -the maximum

. desired level of the material, pressure responsive

means connected to both hollow members and
operable by the pressure difference between said
members, and means actuated by said pressure
responsive means for controlling the feeding
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the drum for pulverizing the material therein,
means causing air to flow through the drum, -
pressure responsive means for indicating the
quantity of the material in the drum, and means
comprising & plurality of tubes connecting ‘the
indicating means with the interior of the drum
and responsive to the level of the material there-
in, one of said tubes having its drum end dis-
posed intermediate the maximum and minimum
levels of the material in the drum and another
tube having its drum end disposed .above the
maximum level of the material in the drum.

. 13. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means
in the drum for pulverizing the material there-"
in, means causing air to flow through the drum, .
means for indicating the quantity of the mate-
rial in the drum comprising & first and second
pressure responsive device, a first pipe connected
with each device and with the interior of the
drum st a point above the maximum level of the
material in the drum, a second pipe connected
with each device and with the interior of the
the drum at a point below the maximum Jevel
of the material therein, and a third pipe con-
nected to-the second device and with the inte-.
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rior of the drum at a point above the minimum
level of the material in the drum.

14. Pulverizing apparatus comprising a drum,
means to supply material to the drum, means
in the drum for pulverizing the material therein,
means causing air to flow through the drum,

means for indicating the quantity of the mate-"

rial in the drum comprising a first and second

U-tube, an indicating material in each U-tube, -

a first’pipe connected with one leg of each U-

tube and with the interior of the drum at a-

point above the maximum level of the material
in the drum, a second pipe connected with the
other leg of the first U-tube and with the inte-
rior of the drum at a point below the maximum
level of the material in the drum, and a third
pipe connected with the other leg of the second
U-tube and with the interlor of the drum at a
point above the minimum leve] of the material
in the drum.

15, Pulverizing apparatus comprising a drum,
means to supply material to the drum, means in
the drum for pulverizing the material therein,
means causing air to flow through the drum, con-
trol means for the supply means, means compris-
ing a plurality of tubes connecting the control
means with the interfor of the drum for con-
trolling said control means in accordance with
the level of the materia] in the drum, one of said
tubes having its drum enq disposed intermediate
the maximum and minimum levels of the mate-
rial in the drum and another of said tubes hav-
ing its drum end disposed above the maximum
level of the material in the drum, and means

for supplying air under pressure to said tubes :

at thelr ends opposite their drum ends.
16. A pulverizer comprising & closed revoluble
drum means for feeding materia] to the drum
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at a greater rate than it can be pulverized, a

motor for driving said feeding means, a first tube
and a second tube having openings in said drum,

sald tubes being adapted to conduct a limited.

amount of air from the atmosphere to the drum,
the openings in said first tube ‘being disposed
above the maximum desired level of theé material
in the drum, means determined by the quantity

of charge in sald drum for rendering said sec-

ond tube less effective to conduct air to the drum,
& switch for starting and stopping said motor,
and a differential pressure responsive member
connected to sald tubes; said pressure responsive
member being adapted to open said switch when
the quantity of charge is greater than a prede-
termined maximum and to close sald switch
when the quantity of charge falls below a pre-
determined mintmum, . .

17. A pulverizer comprising a rotatable shell,
pulverizing means in the shell, means for feed-
ing material to be pulverized thereinto, the shell
having an air inlet and an outlet above the maxi-
mum desired level of the materia] therein, means

" the surface of the materia] there-
in and through the outlet carrying pulveriged
" material in suspension, and means for indicating
the quantity of material in the drum operated
by the difference in pressure between membets
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to flow into the shell through the

conducting separate, relatively small quantities .

of air between points’ outside of and Wwithin the

drum including movable means common to each
rs and continuously subject to the

disposed in the drum below the maximum de-
* sired level of the material therein. :
18. A pulverizer comprising a rotatable shell,

70
, one of said latter points being -
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pulverizing means in the shell, means for sup-
plying material to be pulverized thereinto, the
shell having an air inlet and an outlet above the
maximum desired level of the material therein,
means causing air to flow into the shelf through
the inlet and over the surface of the material
therein and through the outlet carrying pulver- ’
ized material in suspension, and means for con-
trolling the supply means operated by the differ-
ence in pressure between members conducting

‘separate, relatively small quantities of air be-

tween points outside of and within the drum
including movable means common to each of said
members and continuously subject to the pres-

5 sures therein, one of said latter points being dis-

posed in the drum below the maximum desired
level of the material therein.

19. A pulverized comprising a drum, means for
supplying material to the drum, means causing
air to flow into the drum and out thereof ¢arry-
ing pulverized material in suspension, and means
for controlling the supply means operated by the
difference in pressure between members conduct-
ing separate, relatively small quantities of air
between points outside of and within the drum
including movable means commen to each of
sald members and continuously subject to the
Dressures therein, one of said latter points being
disposed in the drum below the maximum de-
sired level of the materia] therein.
< 20. A pulverizer comprising a drum, means for
supplying material to the drum, means causing

-air to flow into the drum and out thereof carry-

ing pulverized material in suspension, and means
for controlling the supply means aperated by the
difference in pressure between members conduct-
ing separate, relatively small quantities of alr
between points outside of and within the drum,
one of sald latter points being disposed in the
drum below the maximum desired level of the
material in the drum and another of said points
being disposed in the drum above said maximunt

_desired level.

21, A pulverizer comprising a drum, means for
supplying materia] to the drum, means causing
air to flow into the drum and out thereof carry-
ing pulverized material in suspension, and means
for indicating the quantity of material in the
drum operated.by the difference in pressure be-
tween members conducting separate, relatively
small quantities of air between points outside

of and within the drum including movable means -

on to flow out of the mill,
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small quantities of air to flow in separate con-
fined streams between points within and without?
the mill respectively, a portion of one of said
streams being below the maximum desired level
of material in the mill, varying the flow of air
through the latter stream by obstructive action
.of the material-in the mill as the levél of the
‘material therein varies while maintaining at all
times free flow of air through another confined
stream, and controlling the supply of material to
the mill by the differences in pressure of the
streams resulting from the variations in the flow
of said one stream due to the obstructive action
of .the material in’ the mill with respect to the .
free flow in said other stream.

24. The method of pulverizing material in a
mill which comprises supplying material to the
mill to be pulverized, supplying air to the mill,
causing air carrying pulverized material in sus-
pension to flow out of the mill, causing relatively
small quantities of air to flow in separate con-
fined streams between points within and without
the mill respectively, a portion of one of said
streams being below the maximum desired level
of material in the mill, varying the flow of air
through the latter stream by obstructive action
of the material in the mill as the level of the ma-
terial therein varies while maintaining at all
times free flow of air through another confined
stream, and operating mesans to indicate the level
of the material in the mill by the differences in
pressure of the streams resulting from the varia-.
tions in the flow of said one stream due to the
obstructive action of the material in the mill with
respect to the free flow in said other siream.
© 25, Apparatus for holding material comprising
a container, means for supplying material to the
~ container, means for removing material from the
‘container, and means for controlling the supply
means so as to maintain a substantially constant
. level of material in the container operated by the
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difference in pressure between members conduct- -

ing separate, relatively small gquantities of air
. between points outside of and within the con-
tainer including movable means common to each
of $aid members and continuously subject to the
pressures therein, one of said latter points being
disposed in the container below the desired level
of material therein. ' -

26. Apparatus for holding material comprising
a container, means for Supplying material to the
container, means for removing material from the
container, and means for controlling the supply
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thereby to maintain in the drum a substantially
constant concentration of pulverized material in
suspension per unit quantity of air, and means
operable independently qf the supply gf mate-
rial. to the drum for varying the flow of air
through the drum to vary the quantity of pul-
verized - material withdrawn from the drum
whereby the output of pulverized material from
the drum may be varied substantially without a
lag: S

28. Pulverizing apparatus comprising a drum,
pulverizing means in the drum, means for sup-
plying material to be pulverized to the drum,
means including a fan arranged to operaté at
different speeds for causing air to flow into the
drum and out thereof carrying pulverized mate-
rial in suspension, means controlled by the level
of the material in the drum for controlling the

‘means for -supplying material to the drum to

maintain a substantially constant quantity of
material in the drum to maintain a substantial-
1y constant state of agitation therein irrespective
of the withdrawal of pulverized material there-
from thereby to maintain in the drum a substan-
tially constant concentration of pulverized mate-
rial in suspension per unit quantity of air, and
means operable independently of the supply of
material to the drum for varying the speed of
the fan to vary the flow of air through the drum
to vary the quantity of pulverized material with-
drawn from the drum whereby the output of
pulverized material from the drum may be varied

‘substantially without a lag.

29. Pulverizing apparatus comprising a drum,
pulverizing means inn the drum, mieans for sup- -
plying material to be pulverized to the drum, an
exhauster fan having its suction connected with
the drum, an air inlet opening through which air
is supplied to the drum, means operable inde-
pendenily of the supply of material to the drum
for controlling the flow area of the air inlet
opening, and means controlled by the level of the’
material in the drum for controlling the means
for supplying material to the drum to maintain
a substantially constant quantity of material in
the drum to maintain a substantially constant
state of agitation therein irrespective of the
withdrawal of pulverized material therefrom
thereby to maintain in the drum a substantially
constant concentration of pulverized material in
suspension per unit quantity of air, the arrange-

. ment being such that by varying the flow ares of

means so as to maintain a substantially constant .

level of material in the container operated by the
difference in pressure between members conduct-
ing separate, relatively small quantities of air
betwen points cutside of and within the contain-
er, one of said latter points being disposed in the
container below the maximum desired level of
material therein and another of said points be-

65

60

ing disposed in the container above said maxi- '

mum desired level.' :

- 27. Pulverizing apparatus comprising a drum,
pulverizing means in the drum, means for sup-
plying ‘material to be pulverized to the drum,
means causing air to flow into the drum and-out
thereof carrying pulverized material in suspen-
sion, means controlled by the level of the mate-
rial in. the drum for controlling the means for
supplying material to the drum to maintain a
substantially constant quantity of material in
the drum to maintain a substantially constant
state of agitation therein irrespective of the
withdrawal of pulverized material therefrom
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said air inlet opening the flow of air through the
drum may be varied to vary the quantity of
pulverized material withdrawn from the drum
whereby the output of pulverized material from
the drum may be varied substantially without a
lag.
30. Pulverizing appafratus comprising a drum,
pulverizing means in the drum, means for sup-
plying material to be pulverized to the drum, an
exhauster fan having its suction connected with
the drum, means for driving the fan, méans for
varying the speed of the fan, an air inlet opening
through which air is supplied to the drum, means
operable independently of the supply of material
to the drum for controlling the flow area of the
air inlet opening, and means controlled by the
level of the material in the drum for controlling
the means for supplying materia} to the drum to
maintain a substantially constant quantity of -
material in the drum to maintain a substantially
constant state of agitation therein irrespective of

-the withdrawal of pulverized material therefrom’

thereby to maintain in the drum a substantially
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constant concentration of pulverized material in
suspension per unit quantity of air, the arrange-
ment being such that by varying the flow area
of said air inlet opening and by varying the speed
of the fan the flow of air through the drum may
be varied to vary the quantity of pulverized ma-
terial withdrawn from the drum whereby the
output of pulverized material from the drum may
be varied substantially without a lag.

31. Pulverizing apparatus comprising a rotat-
able drum, means for rotating the drum, pulver-
izing means in the drum, means for supplying
material to be pulverized to the drum, means
causing air to flow into the drum and out there-
of carrying pulverized material in suspension,
means controlled by the level of the material
in the drum for controlling the means for sup-
plying material to the drum to maintain a sub-
stantially constant quantity of material in the
drum to maintain a substantially constant state
of agitation therein irrespective of the withdraw-
al of pulverized material therefrom thereby to
maintain in the drum a substantially constant
concentration of pulverized material in suspen-
sion per unit quantity of air, and means operable
independently of the supply of material to the
drum for varying the flow of air through the
drum to vary the quantity of pulverized material
withdrawn from the drum whereby the output of
pulverized material from the drum may be varied
substantially without a lag.

32. The method of pulverizing material which
comprises supplying material to be pulverized to
a8 pulverizing zone, causing air to flow into and
out of said zone carrying pulverized materia] in
suspension, controlling the supply of material to
said zone automatically in response to variations
in the level of the material in said zone to main-
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tain a substantially constant quantity of mate-
rial in said zone to maintain a substantially con-
stant state of agitation therein irrespective of the
withdrawal of pulverized material therefrom
thereby to maintain in said zone a substantially
constant concentration of pulverized material in
suspension per unit quantity of air, and varying
the flow of air through the drum independently
of the supply of material to the drum to vary
the quantity of pulverized material withdrawn
from the drum whereby the output of pulverized
material from the drum may be varied substan-
tially without a lag.

33. The method of pulverizing materia] which
comprises supplying material to be pulverized to
a pulverizing zorne, causing air to be drawn into
said zone through an inlet opening and to be
withdrawn from the mill carrying pulverized ma-
terial in suspension, controlling the supply of
material to said zone in response to variations in
level of the material In said zone to maintain a
substantially constant quantity of material in
said zone to maintain a substantially constant
state of agitation therein irrespective of the with-
drawal of pulverized material therefrom thereby
to maintain in said zone a substantially constant
concentration of pulverized material in suspen-
sion per unit quantity of air, varying the flow of
air through the drum independently of the sup-
ply of material to the drum to.vary the quantity
of pulverized material withdrawn from the drum
whereby the output of pulverized material from
the drum may be varied substantially without a
lag, and varying the flow area of said inlet open- .
ing to maintain & substantially constant suction

in the mill irrespective of the flow of air there-

through.
MARTIN FRISCH.



