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17 Claims. (C. 262-7) 

In Alaska there are known and proven seams of coal 
of good grade, and of great thickness, regularity, and 
extent. Except for the coastal cities, of which none are 
large or populous, it is impractical to import oil as a 
fuel. For the remainder of the Territory, and even for 
the coastal cities, coal would be a near-ideal fuel, if it 
could be made available at a reasonable price from local 
mines. 
The principal obstacle to doing so is the relatively large 

amount of labor required in mining the coal under the 
prevailing conditions, coupled with the high cost of labor 
in Alaska. As to the conditions, Alaska coal is largely 
found beneath heavy overburdens, and in formations 
tilted appreciably, say at 30°. As a conservation measure 
it is required that mining operations commence at the 
lowest point in a seam or tract, and proceed thence uphill. 
This imposes a severe burden on any mining machine 
heretofore tried, slows down the operation, and requires 
additional labor. The extra labor adds to the cost of 
providing housing and maintaining the laborers. 
As a result of such economic factors the mining of 

coal in Alaska has not been conducted on a large scale, 
notwithstanding the tremendous deposits. Such con 
siderations have given rise to the present invention. 
With it, the mining under such conditions can be carried 
out with a very minimum of labor, the tilt of the coal 
beds is no deterrent, but is in fact converted into a 
favorable factor, there need be no timbering of mine 
shafts and tunnels, the percentage of recovery is as high 
or higher than in other known methods other than strip 
mining (which in Alaska is impractical because of the 
heavy overburden, and climatic considerations), and the 
operation can be effected the year round by a machine 
of comparatively small cost in relation to the value of 
the coal mined, of great ruggedness and simplicity, and 
which is capable of operating at high efficiency. 

In general, the machine of the present invention in 
cludes an outer shell, which is nonrotative and which 
advances into a bore as the breaking away of the work 
ing face progresses, this breaking away of the working 
face being accomplished in general by the coaction of 
an outer collar journaled at the forward end (in the 
direction of advance) of the nonrotative shell, and an 
inner collar also at the forward end, journaled within 
and spaced from the outer collar, but rotative differen 
tially-usually and preferably in the opposite rotative 
sense-together with means for conveying the broken-off 
coal to the rear of the machine where it can be con 
veyed or chuted to a collecting point or vehicle, and 
supplemented wherever necessary by face cutters radially 
disposed between the two collars and rotating as they 
revolve with one or the other of such collars, to break 
away the face material intervening between the collars. 
Such a machine may be operated by an operator stationed 
within the annular space between the inner and outer 
shells, protected by the outer shell from falling debris, 
and shielded against dust by proper seals at the journal 
points, whereby a single operator may operate and con 
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trol the machine, or the operator may, in proper cases, 
be dispensed with and the machine may be controlled 
by a remotely-stationed operator. Since the bore is 
cylindrical, it forms its own roof and floor fillets, and 
requires no timbering. 
By appropriate changes in size and arrangement, the 

principles of the machine may be adapted to the obtaining 
of core samples, and such a coring machine would, of 
course, be of relatively small size and remotely controlled. 
Such a machine may be advanced by traction means 

which are carried by the shell and which engage the 
bore walls, so that the shell may be advanced positively 
and with great force, and will advance as readily uphill 
as on a level, or downhill. Moreover, it is adapted for 
transportation from one bore to a point of beginning of 
the next bore, by a transport shell, which in effect con 
stitutes an extension of the bore which is about to be 
commenced. 
The machine is so assembled that it can be disassembled 

with reasonable ease, even when at the end of a bore, 
should there be a need to do so. 

It is believed that the objects of the invention and the 
principles which distinguish it may be readily ascertained 
from the above. More particularly, the invention com 
prises those features and those combinations of struc 
ture which are shown in the accompanying drawings in 
representative forms, and which will be more fully ex 
plained hereinafter and defined in the claims. 

Figure 1 is an axial sectional view of the machine, 
shown within a bore and in process of removing material 
from the working face; certain parts have been broken 
away or omitted for greater clarity. 

Figure 2 is a rear end view of the machine, under 
the same conditions as in Figure 1. 

Figure 3 is an isometric view of the complete machine, 
looking towards its forward end. 

Figure 4 is a diagrammatic view, illustrating the man 
ner in which a new bore is started in a typical tilted 
formation. 

Figure 5 is an exploded isometric view of the machine, 
for comparison with Figure 3, showing how certain major 
subassemblies may be disassembled. 

Figure 6 is a partial forward end view, and Figure 7 
is a fragmentary axial section through the forward end, 
showing the addition of face cutters which may be used 
when required. - 

Figure 8 is a fragmentary axial sectional view through 
the machine along the line 8-8 of Figure 2, illustrating 
a torque-resisting keying means optionally usable. 

Figure 9 is an axial sectional view of a core-sampling 
machine which employs the principles of this invention. 
The outer shell 1 is generally cylindrical and can be 

formed of metal plates, reinforced at points of greatest 
stress. It is open at both ends. Such a shell is con 
veniently supported and advanced into a bore B of approxi 
mately the same size by means of traction devices, such as 
the crawler tracks 2, distributed angularly about the shell 
and each protruding through a longitudinally disposed slot 
therein. Each crawler track 2 is carried on a driven front 
roller 20 and a rear roller 2, and is supported as needed 
by intermediate rollers 22, the whole being mounted pref 
erably upon the immediate frame 24. This frame 24 is 
supported by struts 27 from a generally U-shaped trough 
or frame, indicated at 23, which is itself fixed secured to 
the shell 1 by securing means 26. Preferably, the forward 
struts 27 intermediate the frame 24 and the fixed frame 
23 are adjustable by means such as the screw devices indi 
cated at 25, so that the crawler track, and particularly its 
driven front rollers 20, can be forced hard against the 
bore within which the shell 1 is entered. At the rear end 
spring means, indicated at 27, may be interposed between 
the struts 27' and fixed frame 23, for urging the crawler 



2,756,037 

track 2 outwardly against the bore wall and for holding it 
in contact with the latter. - 

It is desired to emphasize that the traction means 2 are 
not steering means, but the direction in which the device 
is advanced can be altered gradually by means which will 
be described later. 
At the forward end of the shell is journaled an outer 

collar 3, which is of the same or slightly larger diameter 
than the shell . Thrust bearings are indicated at 31 and 
a retainer ring 30 within the forward end of the outer 
shell but fixed upon the collar 3, or a rearward extension 
thereof, retains the collar in place. A seal 32 is preferably 
provided to exclude coal particles and dust from the space 
within the outer shell . The forward edge of the rotative 
collar 3 is provided with cutting teeth 33 and 33' or with 
equivalent devices for cutting into the working face. 

Coaxially, disposed within and fixedly supported from 
the outer shell 1 is an inner shell or duct 4, spaced from 
the outer shell, to provide a rathcrappreciable annular 
space between the two shells. This duct 4 is provided 
with what is in effect an integral forward extension 40, and 
upon this extension 40, or in effect upon the forward end 
of the duct. 4, is journaled a rotative inner collar 5. This 
collar, like the outer collar 3, is provided at its forward 
edge with teeth 50 and 50', or other means to cut into the 
working face and to break it away. Preferably, the for 
ward end of the inner collar 5 and of the duct 4, or its ex 
tension 40, are all left open for entrance of material, but 
in addition the extension 40 inwardly, or to the rear of the 
inner collar 5, is apertured at 49, for entrance of material 
from the space between the inner and outer collars. 
The outer collar 3 is provided with a rearwardly directed 

generally conical extension or terminus 34, the rear end 
of which closely embraces the rear portion of the duct ex 
tension 40, to the rear of the aperture 49, and is journaled 
thereon as indicated at 35 (Figure 1), and here again a 
Seal 36 serves to prevent or at least minimize entrance of 
coal particles or dust into the annular space between the 
shells 1 and 4. In addition, the conical terminus 34 is 
provided interiorly with lifting vanes 37 which, as the outer 
collar 3 rotates, will elevate material broken off and falling 
into the space between the collars, and will deposit that 
material through the aperture 49 into the interior of the 
duct 4, or its extension 40. 

Interiorly of the inner duct 4 a screw conveyor 6, or the 
like, may be provided, carried upon a rotative shaft 60, 
so pitched and directed as to convey material deposited 
within the duct 4, or its extension 40, to the rear of the 
machine. The shaft 6, together with a forward extension. 
66, is journaled from the inner duct 4, as indicated at 61 
and 62, and the shaft is driven by a sprocket gear 63, 
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which is keyed to the shaft 60, or to a connecting section. 
64 thereof which joins the shaft 69 and the forward ex 
tension 66 thereof. The sprocket gear 63 extends radially 
outwardly beyond the inner duct 4, between the latter 
and its forward extension 40, and these elements 4 and 40 
are appropriately connected by bridging elements 43, 
which house in the sprocket gear 63. 
A large bull gear 33 is carried upon the collar 3 or upon 

its conical extension 34, in order to rotate that outer collar. 
In somewhat similar fashion, through the interconnection 
of the shaft 60 and the shaft extension 66 and by the 
mounting of the inner collar 5 through the spider 67 upon 
the shaft extension 66, the inner collar 5 is also rotated. 
In addition, and desirably in the mining machine, a pilot 
auger 68 is carried at the forward end of the shaft 66, en 
tering the Working face in advance of the teeth 50 and 50. 
The two collars are driven from a motor 9, which may 

be an electric or an air motor, and through gearing 90 to 
drive a Sprocket chain 69, and so to drive the sprocket 
wheel 63 and the inner collar 5, and to drive a pinion 39. 
in mesh with the bull gear 38, and so to drive the latter 
and the outer collar 3. With the arrangement described, 
the outer collar 3 will be rotated in a given rotative sense 
and the inner collar 5 will be rotated in the opposite rota 
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4. 
tive sense. With proper choice of the size of the gears 
employed, the peripheral speed of each collar or its cutting 
edge may be made identical with that of the other collar, 
or approximately so, and when this is done the two collars 
will advance into the working face of the coal seam at 
approximately the same speed of advance. It is the dif 
ferential rotation of the collars that breaks up the coal 
between them, but the counterrotation of the collars, which 
is the preferred type of differential rotation, equalizes the 
torque as between them, and relieves the traction means 2 
of appreciable torque stresses. 
The coal seams in which this mining machine is designed 

to operate are quite generally uniform in thickness and in 
direction. However, for gradually changing the direction 
of advance, whenever that is necessary, there are provided 
direction-controlling elements such as the wheels 7, 
journaled in short levers 70, pivotally mounted at 71 at the 
rear end of the outer shell , and distributed angularly 
thereabout. Preferably, there are four such rollers 7, dis 
tributed at 90 intervals, and each is secured by such 
means as the turnbuckle device 72 in a fixed position, but 
a position which is subject to change. 
lengthening the lower turnbuckle element 72 and shorten 
ing the upper one, the rear end of the shell 1 may be tilted 
upwardly and it will then advance in a generally, but only 
slightly, downward direction. By similarly relatively ad 
justing the two lateral rollers 7, the machine may be tilted 
to advance to one side or to the other from its general 
previous direction of advance. 

In the large machine, which may be, for instance, 
eight feet in diameter, an operator may sit upon a seat S 
within the space between the inner shell 4 and the outer 
shell 1, in a position where he can control the motor 9 
for rotating the two collars and where he can also con 
trol the motors 91, which drive the several traction de 
vices 2. Thus located, the operator is thoroughly pro 
tected by the shell against falling material, and even in . 
the event of a cave-in behind him he is reasonably well 
protected, and there are hoses leading to him for supply 
of air and the like, and an electric line for delivery of 
power. It has been found that the bore, being cylindrical 
in shape, requires no timbering, and that the mine roof 
can be wholly supported, during the entire time that coal 
is being mined, by the pillar walls intermediate adjoin 
ing bores. By successive bores, close together or inter 
connecting throughout the height of the seam, a very 
high percentage of the available coal can be removed, 
the pillars and the rounding fillets at top and bottom of 
the bore roof and floor being the only coal not readily 
recoverable. 

It is intended to operate by advancing a tunnel T or 
shaft along the lower edge of the mine area, large enough 
to permit the turning of the machine transversely, even 
though this tunnel or shaft may have to be timbered. 
The machine is then transported into this tunnel T within 
a transport shell A, and at the spot chosen for the start 
of a new bore B or drift the machine, reacting from the 
transport shell, is advanced against the working face of 
coal, and bores its way into the same, advancing along 
the same angle as the angle of slope of the seam, all as 
is illustrated in Figure 4. When it has advanced clear of 
the transport shell A, the latter may be removed. There 
after, all coal which is delivered at the rear end of the 
machine by the feed screw 6 may be received upon a 
conveyor, or within a chute, according to the slope, and 
So transported or chuted into the main tunnel, where it. 
can be received in mine cars or upon a master conveyor 
C, and so conveyed out of the mine. 
There may be times or locations where the material. 

does not break off readily intermediate the teeth 33, 33, 
and 50, 50', or if it does break off, breaks off in chunks : 
which are too large to handle readily. To fit such a 
situation, face cutters, preferably in the form of radially : 
disposed and generally slightly conical rollers 8 and 80, 
are provided. These are best arranged in pairs, angularly it. . 

For instance, by 
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disposed about the forward end of the machine, and pro 
vided over their peripheral surfaces with cutters 81. The 
roller 8 may be carried on a shaft 83 journaled at 82 
in a ring 58 which is loose and interposed between the 
inner collar 5 and the extension 40, and the outer end 
of the shaft 83 is journaled at 84 at the inner side of 
the rotative outer collar 3. At the inner end of the shaft 
83 is provided with a gear 85 which meshes with a gear 69 
upon the shaft extension 66. 
As the outer collar 3 revolves, it of necessity effects 

bodily revolution of the roller 8, and since the paired 
roller 80 is similarly journaled but is gear-connected at 
86 to the shaft 83, the pairs of rollers 8 and 80 revolve 
with the outer collar 3, carrying with them the loose 
collar 58. At the same time, because of the intermeshing 
of the gears 85 and 69, the shaft 83 is rotated, and the 
rollers 8 and 80 through their interconnection at 86 are 
rotated in relatively opposite senses, preferably toward 
one another. 
ers 8 and 80 revolve bodily with the collar 3 and each 
individually rotates relatively to the paired roller while 
they revolve. Thus revolved and rotated they serve to 
break off the working face of the seam, and to break up 
any chunks until they are small enough to handle. The 
size of the chunks can, in a measure, be regulated by 
the spacing between the face cutter rollers 8 and 80. 
As has been stated, the counterrotation of the inner 

and outer collars relative to one another serves to equalize 
the torque on the shell , but in order to insure against 
the shell's rotation, and to relieve the crawler tracks 2 
of torque-induced stresses in the highest possible degree, 
the keying means of Figure 8 may be employed. A key 
cutter 100 is carried by a shaft 101 which is generally 
radially disposed, but directed somewhat laterally and 
downwardly (see Figure 2) to cut into the fillet portion 
of the coal seam. The shaft 101 is journaled in the shell 
1, and carries gear means, such as the pin gear 102 which 
meshes with the bull gear 38, whereby to rotate the cut 
ter 100. An air jet 103, acting within the housing 104, 
or any equivalent means, serves to elevate the cut-away 
coal and to deliver it, through a duct 105, into the inner 
duct 4. 
A key 106, adjustably mounted in a subframe 107 for 

radial projection or retraction relative to the shell 1, 
can follow in the keyway K which the cutter 100 cuts, and 
by its engagement therein serves to absorb most of the 
unbalanced torque stresses. It will be understood that 
the cutter 100 as well as the key 106 may be retractable, 
and so will not require power when conditions permit its 
imOT-???. 

Alternatively, it may be desired to utilize the prin 
ciples of the mining machine described above for core 
sampling. In such case, as shown in Figure 9, the outer 
shell and the inner shell are greatly reduced in size and 
are made more nearly of the same size. 
the axial shaft is made hollow to receive the core sample, 
and so is enlarged, say to three inches in diameter. The 
inner shell, while reduced in actual diameter, is stil larg 
er in relation to the greatly reduced outer shell (which 
may be some eight inches in diameter, for example). 
The small clearance between the inner and outer shells 
requires some revision of drive arrangements. It will 
suffice to point out those features wherein the coring 
machine of Figure 9 differs from the larger size mining 
machine already described. 
The outer shell 1 and the inner shell 4' are provided 

with their respective collars 3' and 5'. In order that 
these may rotate oppositely a motor 9 drives the inner 
shell 4' by a direct gear connection at 90', 63, and the 
gear 90' also drives a countershaft 93, which at 94 
carries a pinion that meshes with the bull gear 38. The 
bull gear in turn drives pinions 95, which through clutch 
means at 96 of a type which can yield upon encountering 
excessive resistance (as a hydraulic torque converter), 
drive the several traction means 2. 
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6 
The helical screw conveyor 6, as before, is fixed to the 

shaft 60', but the latter is now hollow and integral its 
entire length. At its forward edge are mounted cutting 
diamonds 69' or the like, for cutting a core which exits 
through the hollow shaft. 

Such a core sampling machine operates by remote con 
trol, and the larger mining machine may be similarly op 
erated and controlled. 
The machine has been shown and described in certain 

specific forms, not for purposes of limitation to such spe 
cific forms, but by way of example. It will be understood 
that the machine and its several components may take 
other forms, and still come within the principles of this 
invention, as defined in the claims. Also, while its use in 
mining coal, and under the conditions prevailing in Alaska, 
has been stressed, obviously it can be used for the mining 
of any mineral deposits found in seams or thick beds, and 
anywhere in the world. The references to Alaska coal 
mining are not to be taken as limiting, but as indicative of 
a place and type of mining for which the machine is emi 
nently suited, and in which the problems involved gave 
rise to this invention, 
I claim as my invention: 
1. A mining machine comprising a generally cylindri 

cal outer shell, traction means carried thereby and pro 
truding therefrom for engagement with a bore wall to ad 
vance the shell axially into such bore, an inner duct ax 
ially disposed within and spaced from the outer shell, an 
outer collar journaled at the forward end of the outer 
shell and an inner collar journaled at the forward end of 
the inner duct, each collar at its forward edge being formed 
for cutting into the bore's working face, means to rotate 
the collars in relatively opposite rotative senses to detach 
material from the working face as the shell is advanced in 
to the bore, and the inner duct being open at its forward 
end to receive material through the inner collar, and con 
stituting a duct for conveyance thereof to the rear end of 
the machine. 

2. A mining machine comprising a generally cylindri 
cal shell, traction means carried thereby and protruding 
therefrom at angularly spaced locations for engagement 
with a bore wall to advance the shell axially into such 
bore, an inner duct axially disposed within and spaced 
from the outer shell, an outer collar journaled at the for 
ward end of the outer shell, formed at its forward edge 
for cutting, and at its rear end formed conically to termi 
nate at the inner duct, a bull gear carried externally of 
said conical terminus, but within the outer shell, a rotative 
shaft located and journaled within said inner duct, a 
sprocket gear mounted upon said shaft and extending ra 
dially outwardly of the forward end of said inner duct, 
rearwardly of said conical terminus, a forward extension 
of said inner duct supported from the latter, and aper 
tured for entrance of broken off material, an inner collar 
journaled upon the forward end of the duct's extension, 
and operatively connected to said shaft to be rotated there 
by in a given rotative sense, said inner collar being formed 
at its forward edge for cutting, and drive means within 
the space between the inner duct and the outer shell, to 
the rear of the collars, and operatively connected to said 
bull gear and to said sprocket gear to rotate the same, in 
opposite rotative senses. 

3. A mining machine as in claim 2, including a feed 
screw within said inner duct and its forward extension, 
and connected for rotation with the shaft, to convey ma 
terials entering the duct to the rear. 

4. A mining machine as in claim 2, including generally 
radially disposed vanes carried interiorly of the outer col 
lar's conical terminus, to lift broken-off material and to 
deposit the same, through the inner duct's aperture, with 
in the inner duct for delivery at the rear of the machine. 

5. A mining machine as in claim 2, including a plu 
rality of angularly distributed pairs of generally radially 
disposed and generally conical face cutter rollers, a loose 
collar interposed between the inner collar and the inner 
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duct; wherein said rollers are journaled, bearing means for 
said rollers' carried by and rotative-with the outer collar, 
and-means operatively interengaging the inner ends of 
said rollers with the shaft to rotate the rollers as they re- i. 
volve with the outer collars, said rollers being formed on . . 
their peripheral surfaces for cutting. 

6. A mining machine comprising a generally cylindri 
cal shell, an inner duct supported from and coaxially of 
said shell, an outer collar rotatively mounted upon and as 
a continuation of the shell's forward end, and formed 
for cutting at its forward edge and outwardly thereof Suf 
ficiently for working clearance, material collecting and ele 
vating means carried by and rotative with said outer col 
lar, at its inner end, the inner duct having an aperture. 
adjacent its forward, end, located to receive material de 
tached by the outer collar's cutting edge and collected and 
elevated by said-collecting and elevating means, an inner 
collar also formed for cutting about its forward edge, and 
rotatively mounted upon and as a continuation of the for 
ward end of said inner, duct, and open through for direct 
admission to the inner duct of material detached by and 
entering through said inner collar, to join the material. 
which enters by way of said aperture, conveying means 
within: said inner duct for advancing material received 
therein towards its rear end, means for rotating the two 
collars simultaneously but in opposite rotative senses, and 
means for advancing the shell axially into its bore. 

7. A "mining machine as in claim 6, wherein the shell 
advancing means comprise a plurality of longitudinally 
directed crawler tracks mounted within but protruding 
from the outer shell to engage the bore wall, and angu 
larly spaced about the axis of the outer shell to support 
the latter generally centralized within the clearance space, 
and means to drive said crawler tracks for advance of the 
shell. 

8. A mining machine as in claim 6, including cutting 
means projecting radially of the outer shell to cut a key 
way into the bore wall as the shell advances, and a key 
separate from said cutting means, carried by the shell and 
projecting therefrom, and extending longitudinally in posi 
tion to engage in said keyway, and to resist torque forces 
tending to rotate the shell. 

9. A mining machine as in claim 8, including means 
operatively connected to each of the keyway cutter and 
the key, and operable to retract the same at will. 

10. A mining machine as in claim 7, including means 
to force the crawler tracks outwardly from the shell into 
firm engagement with the bore wall, regardless of vari 
ations in the clearance. 

11. A mining machine as in claim 7, including positive 
ly acting means at the forward end of the crawler tracks 
to force the latter outwardly from the hull by a distance 
approximating the clearance space, for engagement with 
the bore wall, and means resiliently urging outwardly the 
rear end of the crawler tracks, the drive for the crawler 
tracks being operatively connected to the front end thereof. 

12. A mining machine as in claim. 6, including a rear 
wardly directed conical extension formed upon the outer 
collar, and joined thereto about a circle intermediate its 
forward cutting edge and its rear rotative mount upon the 
outer, shell, and journaled about the inner duct to the rear 
of the latter's aperture, to seal off the material collecting. 
and elevating means from the space within the outer shell 
to the rear of said conical extension. 

13. A mining machine as in claim 12, wherein generally 
radial vanes distributed about and supported upon the 
conical, extension: in the zone, which includes the inner 
duct's aperture, constitute the material collecting and ele 
vating means. 
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8. 
14. A mining machine as in claim 6, wherein the collar 

rotating means is-organized and arranged, in relation-to 
the relative sizes of the cutting edges of the outer and 
inner collars, to rotate each such collar and its cutting 
edge-at- substantially the same lineal speed." 

15. A mining machine comprising a generally cylindri 
cal shell capable of advance into a bore being cut, an 
inner duct supported from and coaxially of said shell, 
and apertured to the rear of its forward end, an outer 
collar rotatively mounted upon and as a continuation 
of the shell's forward end, and formed for cutting at its 
forward edge, material collecting and elevating means car 
ried by and rotative with said outer collar, inwardly of its 
forward end, to deposit material within said inner duct, 
through the latter's aperture, an inner collar journaled 
upon the forward end of said inner duct, ahead of its 
aperture, and open to the inner duct for passage of ma 
terial, the forward edge of said inner collar being also 
formed for cutting, a screw conveyor within the inner 
duct for moving materials rearwardly therein, formed 
with an axially directed shaft, and drive means for the 
outer collar with its material collecting and elevating 
means, for the inner collar, and for the screw conveyor, 
comprising a driven wheel on the screw conveyor shaft, 
to the rear of the inner duct's aperture, the inner duct 
being divided for protrusion of said driven wheel, bridging 
elements joining the divided parts of the inner duct and 
substantially housing said driven wheel, the screw con 
veyor shaft extending forwardly and directly connected 
to the inner collar to drive the latter, a drive gear upon 
said outer collar, to the rear of the material collecting 
and elevating, means, and means located intermediate the 
outer shell and the inner duct, and operatively connected 
to each of said drive gear and said driven wheel to ro 
tate them; and their respective collars, in opposite rotative 
?6DS?? . 

16. A mining, machine comprising a generally cylindri 
cal shell, for advance. axially into a bore, being cut, an 
outer coller formed for cutting at its forward edge and 
rotatively mounted upon the forward end of said shell, 
an inner collar also formed for cutting at its forward 
edge and rotatively supported from the shell within said 
outer collar, drive means operatively connected to said 
collars to revolve the same coincidentally but differen 
tially, radially disposed face, cutters distributed about the 
annular space between the inner and outer collars and 
their cutting edges, and mounted in one of the collars 
to revolve therewith, each face cutter being formed as 
a body of revolution about its general radial axis and with 
cutting bits distributed lengthwise, and means to rotate 
each face cutter, about its axis while it revolves bodily with: 
its mounting, collar. 

17. A mining. machine as in claim 16, wherein the 
face cutters are arranged in pairs, and their rotating means 
are arranged to rotate the cutters of each pair in rela 
tively opposite-rotative senses. 
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