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My invention relates to grinding and dry 
ing apparatus especially useful for pulver 
izing and drying fuel such as coal that is 
to be burned in powdered form. I aim to 

5 make both the crushing or grinding and the 
drying operations rapid, continuous efficient, 
and economical, and to enable them to be car 
ried on concurrently. I also aim to make 
the apparatus itself simple, durable, and 

10 relatively inexpensive. How these and other 
advantages can be realized through the in 
vention will appear from my description 
hereinafter of the best forms of embodiment 
at present known to me. 

5 In the drawings, Fig. 1 shows a vertical 
axial section through an apparatus conven 
iently embodyingmy invention and compris 
ing a couple of similar grinding and drying 
mills or units arranged and connected to 

20 operate upon the same coal successively. 
Fig. 2 is a transverse view showing one 

of the grinding units opened up, with cer 
tain parts in section as indicated by the line 
2-2 in Fig. 1.-a fragment of the casing in 
front of the plane of section appearing. 

Fig. 3 is a transverse view of the interior 
of a unit opened up, taken as indicated by 
the line 3-3 in Fig. 1. 

Fig. 4 shows a vertical axial section, on 
30 a larger scale, through a single grinding 

and drying unit of somewhat different con 
struction from those shown in Figs. 1, 2 
and 3. 

Figs. 5 and 6 show transverse vertical sec 
35 tions through this grinding unit taken as 

indicated by the lines 5-5 and 6-6 in 
Fig. 4. 

Fig. 7 shows a vertical axial section 
through still another form of grinding and 

40 drying unit. 
Fig. 8 is a fragmentary side view of a 

partition shown in Fig. 7, taken as indi 
cated by the line 8-8 in that figure. 
The apparatus shown in Fig. 1 comprises 

45 a conduit, comprehensively indicated by the 
numerai 10, in which grinding mill units 11, 
12 are serially arranged. The conduit 10 
may be extended to include any desired 
number of grinding mills by simple cumu 

50 lation of units, or a single grinding unit 
may be used by itself-since each one may 
be intrinsically complete. The units 11, 12 

shown being almost exact counterparts of 
one another, it will suffice to describe in full 
detail only the unit 11. The grinding mill 11 comprises a casing 
or shell 15 having at its opposite sides hol 
low journals 16, 17 by means of which it 
is supported for rotation in water-cooled 
bearings 18. Since the hollow journals 16, 
17 form part of the conduit 10 and serve for 
entrance and discharge of material to and 
from the casing 15, ordinarily prefer not 
to make them stationary axles, but rather 
to construct them as trunnions united and 
turning with the casing. The casing 15 may 
be driven (see also Fig. 2) from a counter 
shaft 20 at the rear of the conduit 10, by 
means of a sprocket chain connection 21 be 
tween a sprocket wheel 22 fast on the jour 
nal 16 and a sprocket wheel 23 On the 
shaft 20. 

Coal is continuously fed into and through 
the casing 15 and the grinding devices there 
in by means of a rotary screw conveyor 25 
in the entrance journal 16, which conveyor 
(especially since the grinder and drier 11 
is shown as the first of the series in the con 
duit 10) may be driven separately from the 
rotary parts of the mill 11-either by a 
special connection from the countershaft 20, 
or quite independently. It is shown as of 
relatively coarse pitch, so as to handle read 
ily the coarsest material that it can han 
dle-or that the mill 11 is intended to oper 
ate on. For reasons which will appear here 
inafter, I generally prefer not to rely on the 
incoming coal to crowd the ground coal 
leaving the mill 11 along through the dis 
charge journal 17 and the rest of the con 
duit 10 leading to the unit 12, but (as here 
shown) to make special provision for feed 
ing along and discharging the ground coal 
by means of a rotary screw conveyor 26 in 
said journal 17. For reasons which will 
presently appear, this screw conveyor 26 is 
not made with a solid central shaft like that 
of the conveyor 25, but consists simply of 
a helically twisted strip of metal open 
through its center and secured at its outer 
edge to the interior of the journal 17. 
The rotating discharge trunnion 17 of the 

mill 11 is connected with the rotating en 
trance trunnion 27 of the miil 11 by means 
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of a short stationary section 28 of the con 
duit 10 which has a close fitting rabbeted 
joint with each of said journals, but really 
belongs to the unit 11 rather than to the 
unit 12. The screw conveyor 26 of the 
journal 17 extends clear through the sta 
tionary conduit section 28 just about flush 
with its further end, and so carries along 
and delivers the coal to the journal 27, 
where it is, in turn, taken and carried along 
by means of a rotary screw conveyor 29 in 
said latter journal. Functionally, this con 
veyor 29 corresponds to the conveyor 25; but 
in form and construction it is like the con 
veyor 26. It extends just about flush with 
the receiving end of the journal 2. A side 
from the difference between the rotary con 
veyors 25 and 29 just described, the mill 
unit 12 is shown as the exact counterpart 
of the unit 11, and may be individually 
driven from the countershaft 20 in the very 
S2he 88. 

Since the coal entering the conduit 10 is 
likely to contain more moisture than it is 
desirable to have present in the final pow 
dered product, and since the grinding of the 
coal tends to facilitate disengagement of 
moisture (and other gases or vapors), it is 
often advisable to heat the coal during its 
passage through said conduit. This prefer 
to do while it is being ground in the mills 
11 and 12. Accordingly, I have shown a serpentine heater casing 30 surrounding and 
enclosing the casing 15 of each of said mills 
11 and i2, for the passage of heating medi 
um over tihem. As shown, the journal bear 
ings 18 for the various journals are excluded 
from the casing 30, and also their driving 
means 21, 22, etc., and the stationary. Con 
duit sections 28 with their rabbeted joints 
above mentioned, so as not to expose any 
of these parts to the heating medium. As 
here indicated, the heating medium traverses 

50 

the milis 11, 12 in series, first making an 
upward pass around the mill 11, then an 
idle longitudinal pass, then a downward 
pass around the mill 12, and then a longi 
tudinai pass which may lead either to an 
other mill unit or to a stack or other means 
of discharge. To aid in the transmission 
of heat, from the fiovving gaseous or vaporous 
heating medium to the coal in the casings 
15, the latter are provided with external 

eo 

heat-transmitting projections in the form of 
a great many frustro-conical protuberances 
35 on their opposite sides. 
The ground coal being carried along in the 

lower portion of the journal 17 by the con 
veyor 26 instead of being forcibly crowded 
through so as to fill the journal completely, 
and the center of the conveyor being open, 
space is Efforded for passage and collection 
of vapor disengaging from the coal during 
and after the grinding operation. This 
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vapor is drawn off from the discharge jour 
nal 17 through a pipe 36 connected to the 
upper side of the conduit section 28 where 
by the ground coal is discharged from the 
mill 11 to the mill 12. A moderate suction 
should be employed for thus separately 
withdrawing the vapor, in order to avoid 
drawing the coal off with it. The vapor, 
therefore, is drawn through a mill toward 
its fuel discharge end, and is drawn off 
from the conduit 10 at intervals, from just 
beyond each grinding mill included in said 
conduit. 
At the periphery of the two-part casing 

15 is a circular liner band or track 40 on 
which a couple of tire-like annular members 
41, 42 roll free and upright, one within an 
other, under lateral guidance of members 
43, 44 (see also Figs, 2 and 3) on the sides 
of the casing. The track 40 should pref 
erably be of very hard steel (such as man 
ganese steel), and the tires 41, 42 of ordinary 
tire steel such as used for the tires of wheels 
for railway rolling stock. With track 40 
and tires 41, 42 substantially cylindricai and 
relatively smooth, as shown-rather than 
conical or transversely toothed or serrated 
the particles of material being ground can 
move freely across and along the track, so 
a? to be morS readily and certainly acted on 
at each revolution of the track. The interior 
of the tire (and, in the present instance, the 
whole center of the casing 15) is occluded 
by a transverse central partition or web 45 
across the inside of the inner steel tire 42. 
The four Inenbers 43 are in the form of 
fiange webs or vanes extending more or less 
nearly radially in the entrance side of the 
casing 15. The four members 44 are in the 
form of slightly curved fiange webs or vanes, 
extending more, or less nearly radially in 
the discharge side of the casing 15 and com 
ing together at its discharge opening through 
the journal 7. The webs or vanes 44 have 
transverse flanges 46 which extend for 
ward in the clockwise direction of rotation 
(speaking with reference to Fig. 2) of the 
casing 15, and increase in width toward the 
center-where they curve toward the dis 
charge opening at their merger with the 
axially extending portions of the webs, so 
as to assist in guiding and directing the 
ground coa i to said opening. 
As the casing 15 revolves, the tires 41, 42 

rol on the internal track 40 and one on the 
other (the interior of one tire being a track 
to that inside it) under the influence of gravity, always remaining substantially at 
the low point of the track. The portion 45 
seeps the accumulation of coal falling into 
the entrance side or chamber 46 of the cas 
ing 15 from passing freely inside the tires 
41, 42 to the discharge side or chamber 47, 
and thus coacts with the revolving vanes 43 
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in causing the coal to be carried up and di 
rected across the internal track 40 and the 
peripheries of the tires, through the gaps 
that exist between them everywhere above 
the low points. The coal progressively 
crushed under the weight of the tires is fed 
across the track 40 and the inner surface of 
the tire 41 by the pressure of fresh coal con 
tinually entering between the tires. The 
ground coal thus fed through the gravita 
tional grinding means just described drops 
in the discharge chamber 47, and is caught 
by the revolving discharge vanes ? 
directly, or after some accumulation has oc 

5 curred. By these vanes 44, the ground coal 
is lifted until it slides down and out into the 
discharge journal 17. 
The gravitational tire grinding mill shown 

in Figs. 4, 5 and 6 differs from that just de 
scribed in having on its track 50 three tires, 
51, 52, 53, rolling upright one within an 
other, instead of two. ? really important 
difference, however, is in the provision of 
partition means, etc., for directing the coal 

5 to be ground back and forth across the pe 
ripheries of different tires in succession. 
Besides being occluded by the central parti 
tion 54 in the inner-most tire 53, the inte 
riors of the tires and the center of the cas 
ing are also occluded by a transverse dished 
partition 55 in its entrance side which di 
vides the latter into two chambers 56, 57. 
This partition 55 is attached to its side of 
the casing by circumferential spaced webs 
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58 at an intermediate point and by radial 
webs 59 at its periphery. The webs 58 as 
sist in distributing the entering coal more 
or less uniformly, and the webs 59 in carry 
ing it up as the casing or shell revolves and 
directing it across the track 50. The annu 
lar opening around the partition 55, is of 
such width relatively to the outer tire 51 
that the 
across the track 50 and the periphery of the 
tire 51. On the hollow side of the partition 
55 are four radially extending vanes or 
webs 61 whose arrangement and functions 
are similar to those of the vanes 43 in Figs. 
1 and 2-as will presently appear. In the 
discharge side or chamber 62 are four ra 
dially extending webs or vanes 63 which 
differ from the discharge vanes 44 in Figs. 1 
and 3 principally in not being curved and in 
having transverse flanges 64 that do not ex 
tend far outward from their merger at their 
intersection. In the outer portion of the 
casing is a sloping partition 65 that extends 
circumferentially from one vane 63 to al 
other, and serves as a reguide for directing 
back across the inner surface of the outer 
tire 51 (between it and the periphery of the 
tire 52) ground coal that has crossed the 
track 50. The coal thus directed between 
the ti FSS 51 and 52 against the holloViv ?i die 
o? ?ia3 dished p:rtition 55 i3 by the laš?3: 

partition itself directs the coal 

redirected back again between the tires 52 
and 53 to the discharge chamber 62. It is 
there caught by the discharge vanes 63 and 
by them raised until it slides down and out 
into the discharge journal 17. In this mill, 
therefore, the coal is ground and reground 
in a succession of distinct operations. 

In the gravitational grinding mill shown 
in Figs. 7 and 8, a transverse central parti 
tion 70 clamped between the halves of the 
casing or shell divides it into entrance and 
discharge chambers 71 and 72. The central 
portion of this partition 70 is solid and oc 
cludes the center of the casing completely, 
so as to prevent the coal entering from pass 
ing directly through. In the outer zones of 
the partition 70, adjacent the peripheries of 
the chambers 71 and 72, are openings 73 
(consisting of a great number of small 
holes) for the passage of coal ground in the 
chamber 71 to the chamber 72. The gravi 
tational grinding means here employed com 

???????? a quantity of balls 75 in each cham 
r, of such sizes that they are incapable of 

passing through the holes. 73 from one 
chamber to another. As the casing revolves, 
the balls 75 are continually tumbled about 
with the coal and effectively pulverize it. 
As the coal enters and is ground in the en 
trance chamber 71, it works its way radially 
outward therein and through the holes 73 
into the discharge chamber 72, where it is 
reground. It then works its way (or is dis 
placed), into the discharge journal 17. In 
this mill also, therefore, the coal is ground 
and reground in a succession of distinct op 
erations. The balls 75 may be of any suitably hard 
material, such as cast iron. The partition 
or diaphragm 70 may be of manganese steel, 
and the halves of the casing or shell may 
have dished linings 76 of the same material. 

It will be noted that in all the forms of 
{mill described above the chambers at oppo 
site sides of the central partition are of rela 
tively narrow width and convergent toward 
their peripheries, and that their sloping 
outer sides tend to crown the material to 
ward the center and so help in feeding it 
along or in insuring its being picked up by 
the various revolving vanes. In addition, 
the convergence of the narrow chambers out 
ward in Fig. 7 crowds the falling balls to 
gether and so makes their action on the mate 
rial more effective. 
What claim is: 
1. A continuous grinding mill comprising 

a rotary casing '' means for entrance and 
disch Birge pf material; grayitationally mov 
able grinding means in said casing; means 
for heating the material while being ground; 
and means for drawing vapor disengaging 
from the material £oward the fuel discharge 
end of the apparatus, 32d withdrawing and 
sep??g ? 
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2. A continuous grinding mill comprising grinding mills serially arranged therein; 
a rotary casing with means for entrance and 
discharge of material; gravitationally mov 
able grinding means in said casing; means 
for continuously feeding material into and 
out of said casing, and through said grind 
ing means; means for heating the material 
while being ground; and means for with 
drawing vapor from the material discharg 
ing means. 

3. A continuous grinding mill comprising 
a rotary casing with hollow journals at oppo 
site sides thereof for entrance and discharge 
of material, respectively; gravitationally 
movable grinding means in said casing; and 
means for drawing off from the discharge 
journal vapor disengaging from the ground 
material. 

4. A continuous grinding mill comprising 
a rotary casing with hollow journals at op 
posite sides thereof for entrance and dis 
charge of material, respectively; gravitation 
ally movable grinding means in said casing: 
means for discharging the ground material 
through a portion of the discharge journal, 
leaving space therein open for vapor disen 
gaging from the ground material; and 
means for drawing of such vapor from such 
open space separate from the ground mate 
rial. 

5. A continuous grinding mill comprising 
a rotary casing with hollow journals at op 
posite sides thereof for entrance and dis 
charge of material, respectively; gravitation 
ally movable grinding means in said casing; 
discharge means for the ground material in 
cluding a rotary screw conveyor in the dis 
charge journal; and means for drawing off 
from the upper side of said discharge means 
vapor disengaging from the ground ma 
terial. 

6. The combination of a continuous grind 
ing mill comprising a rotary casing with hol 
low journals at opposite sides thereof for en 
trance and discharge of material, respective 
ly, and gravitational grinding means in said 
casing; and a heater casing for passage of 
heating medium over said casing surround 
ing and enclosing the same to the exclusion 
of its journal bearings. 

7. A continuous grinding apparatus com 
prising a conduit with rotary gravitational 
grinding mills therein, including hollow 
journals for said mills; and rotary means in 
said journals for continuously feeding mate 
rial from mill to mill through said conduit. 

8. A continuous grinding apparatus com 
prising a conduit with rotary gravitational 
grinding mills therein; means for heating 
the material ground during its passage 
through the conduit; and means for draw 
ing off from said conduit, at intervals, vapor 
disengaging from the ground material. 

9. A continuous grinding apparatus com 
prising a conduit with Rotary gravitational 

means for heating said mills; and means for 
drawing off from said conduit, beyond each 
mill, vapor disengaging from the ground 
material. 

10. The combination of a continuous 
grinding apparatus comprising a conduit 
with rotary gravitational grinding mills se 
rially arranged therein and journal bearings 
for supporting said mills; and a serpentine 
heater casing for passage of heating medium 
in series over said mills surrounding and en 
closing them to the exclusion of their afore 
said journal bearings. 

11. The combination of a continuous 
grinding apparatus comprising a conduit 
With rotary gravitational grinding mills se 
rially arranged therein and journal bearings 
for supporting said mills; means for driving 
Said mills individually; a serpentine heater 
casing for passage of heating medium in se 
ries over said mills surrounding and enclos 
ing them to the exclusion of their aforesaid 
journal bearings and individual driving 
means; and means for drawing off from said 
conduit beyond each mill vapor disengaging 
from the ground material. W 

12. A grinding, milla comprising a rotary 
casing with an internal track; a rotary tire 
adapted to roll on said track as said casing 
revolves; another rotary tire adapted to roi 
upright inside the one aforesaid; transverse 
partition means occluding the interior of 
Said tire and serving to direct material en 
tering the casing across said track; and re 
guide means at the far side of said track for 
directing material crossing the same back 
across the inner surface of the first-men 
tioned rotary tire. 

18. A grinding mill comprising a rotary 
casing with means at opposite sides thereof 
for entrance and discharge of material, re 
spectively, and an internal track; a trans 
verse dished partition in the entrance side of 
the casing occluding its center and serving 
to direct material entering it across said 
track, said partition having radially extend 
ing webs or flanges at its own hollow side 
away from the casing entrance; a plurality 
of radially extending webs or flanges in the 
discharge side of said casing coming to 
gether at its discharge opening; and rotary 
tire crushing and grinding means adapted 
to roll upright on said track under guidance 
of the aforesaid webs at opposite sides 
thereof. 

14. A grinding mill comprising a rotary 
casing with means at opposite sides thereof 
for entrance and discharge of material, re 
spectively, and an internal track; a trans 
Verse dished partition in the entrance side 
of the casing occluding its center and serv 
ing to direct material entering it across said 
track, said partition having radially extend 
ing webs or flanges at its own hollow side 
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away from the casing entrance; a plurality 
of radially extending webs or flanges in the 
discharge side of said casing coming to 
gether at its discharge opening; rotary tires 
adapted to roll upright one within another 
on said track under guidance of the afore 
said webs at opposite sides thereof; and cir 
cumferentially extending reguide means at 
the discharge side of said tires for directing 
material back between them against said 
transverse partition means for re-direction 
back again to the discharge. 

15. A continuous grinding ball mill com 
prising a rotary casing with means at oppo 
site sides thereof for entrance and discharge 
of material, respectively; transverse parti 
tion means in said casing dividing the same 
into a plurality of chambers of narrow width 
with sides convergent toward their periph 
eries, and having ???????#S therethrough ad 
jacent the peripheries of the chambers for 
passage of ground material from chamber 
to chamber; and grinding balls in said cham 
bers of such dimensions as to be incapable 

5 

of passing from one to the other through 
said openings. 

16. A continuous grinding ball mill com 
prising a rotary casing with hollow jour 
nals at opposite sides thereof for entrance 
and discharge of material, ????? transverse partition means in said casing di 
viding the same into a plurality of chambers 
of narrow width, with sides convergent to 
ward their peripheries, and having openings 
therethrough adjacent the peripheries of the 
chambers for passage of ground material 
from chamber to chamber; grinding balls in 
said chambers of such dimension as to be in 
capable of passing from one to the other 
through said openings; rotary means in said 
entrance journal for feeding the material 
through said chambers; and rotary means in 
said discharge journal for withdrawing the 
material from said casing. 
In testimony whereof, I have hereunto 

signed my name. 
JOHN E. BEL. 
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