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CONTINUOUS MINING MACHINE WITH OSCIL-
LATING GROUPS OF ROTARY CUTTERS

Einar M, Arentzen, Mount Lebanon, Pa., assignor to Lee-
Norse Company, Charlerei, Pa., a corporation of Penn-
syivania

Application May 3, 1950, Serial No. 159,851
10 Claims. (Cl. 262—20)

This invention relates to mining machines and is for a
machine of novel construction especially useful for con-
tinupus operation, as distinguished from intermittent op-
eration.

The inventicn is designed primarily for the mining of
coal, but it is applicable to the mining of other ma-
terials. By way of illustration, however, it wiil be de-
scribed specifically in connection with the mining of coal.

The conventional method of mining coal most com-
monly used in the United States involves undercutting the
coal by a chain cutter to a depth of from about six to
ten feet, drilling the coal which is so undercut, and plac-
ing a blasting charge in the drill holes, after which .the
blasting charge is exploded, breaking the coal loose, and
it fails to the mine floer. Then a loading machine is
brought in to gather up the coal and load it into cars or
onto a conveyor. Self-propelled shuttle cars have been
used more recéntly to carry the coal from the loader to
mine cars.

It has long been recognized that coal is most effectively
mined by combined cutting and breaking operation. In
such combined operation, part of the coal of course is
removed by cutting elements, and then pressure is applied
to the coal to break it Toose. Various types of machines
have been designed, wherein continuously operating cut-
ters, as for example a group of traveling chain cutters,
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are used to cut parallel grooves into the coal; and other

machines have been proposed using various auger ar-
rangements which continuously drill into the coal and
break it out. These machines have certain definite limita-
tions. In some of them, a high percentage of the coal
is removed directly by cutting, increasing the power re-
quirements of the machine, and- in most of such machines
there is a problem of having adequate working clearance
alongside the machine, not to mention mechanical diffi-

culties, and their expensive construction. Such machines 5

also increase undesirablv the amount of “fine coal,” i. e.,
particles from %’ mesh down, resulting also in com-
siderable coal dust. One type of such mining machine
involves the use of large augers that bore straight into
the ceal.

Tt has also heretofore been proposed to mine coal
through the use of machines that cut parallel horizontal
kerfs into the coal, after which the machine is backed
away and the cutter cutting head is changed to then cut
vertical kerfs into the working face of the coal so that a
pattern of intersecting kerfs are cut to enable the inter-
vening areas of coal to be broken cut. The difficulty with
such machines is that they are not continuous because
the cutters must first be operated in one position and
then the other, and much of the advantage to be gained
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from such a machine is lost in the time required to change

the cuting head from one positicn to the other. The de-
sign and construction of such machines becomes very dif-
ficult and complicated. )

According to the present invention there is provided

a machine which continuously cuts intersecting kerfs i

the working face of the coal and breaks away the solid
coal between the intersecting kerfs. Thus it can continu-
cusly cut and break away the coal as it advances into the
mine. The coal which is cut and breken away is gathered
up and discharged at the rear of the machine. The ma~
chine will operate in coal seams of different heights, and
it is so constructed that it will caut an areaway as it is ad-
vanced, subsiantially wider than the projected front area
of the machine, whereby there is a working clearance in

the mine at each side of the machine back from the cut-

o
P
ting head, giving adequate room for operating and maneu-
vering the machine and for the -operator to work around
the machine, and where necessary, posts can be set along-
side the machine close to the working face, and adjust-
ments and repairs can be made.

My machine is characterized essentially by the provi-
sion -of a cutter head carried on a forwardly-projecting
boom so that it may be moved up and down in a vertical
arc over the working face. The cutter head itself com-
prises a series of cutters, preferably rotary cutters, with

‘means for traversing the cutters back and forth in a hori-

zontal direction as the cutters rotate, whereby a series of
intersecting kerfs is cut into the working face with sub-
stantially “diamond-shaped” lands or areas between the
intersecting kerfs, and as the operation progresses, these
lands break out. Part of the coal is therefore removed
by cutting, while a high percentage of it is removed by
breaking. The machine operates continuously because
the cutting of the intersecting grooves is effected . auto-
matically by the back and forth movement of the cutters
as the cutters are rotating. Because the cutters move
sidewise as they rotate, the total area over which the
cutters operate is substantially wider than the projected
area of the cutting head itself, whereby the additional
clearance at each side of the machine is gained.

The principal objects of my invention therefore are to
provide a mining machine designed to continuously cut
intersecting kerfs or grooves in the working face of the
coal, and thereby effect removal of the coal, and to pro-
vide a machine in which the area over which it is effec-
tive, is substantially wider than the projected area of the
cutting head itself to provide adequate clearanceé at each
side of the machine. The invention has various other ob-
jects and advantages which will hereinafier more fully
appear.

My invention may be more fully understood by refer-
ence to the accompanying drawings, which illustrate a
present preferred embodiment of my invention, and in
which:

Fig. 1 is a side elevation of a machine ¢onstructed in
accordance with my invention, and the broken lines at
the right-hand end of the figure indicate the manner in
which the cutter works in the coal seam;

Fig. 2 is a top plan view of Fig. 1;

Fig. 3 is a transverse section taken on the line ITI—III
of Fig. 2 through a part of the cutter head, showing the
cuiters and the drive for the cutter shaft on a somewhat
larger scale;

Fig. 4 is a longitudinal section in substantially the
plane of line IV—IV of Fig. 3, but on a larger scale, show-
ing the cutter drive;

Fig. 5 is a transverse section in the plane of line V—V
of Fig. 2, showing the mechanism by which an oscillating
or back and forth movement is imparted to the cutters;

Fig. 6 is a detail view of the drive mechanism at the
rear end of the boom;

Fig. 7 is a tranmsverse section’ in the plane of line
VII—VII of Fig. 6;

Fig. 8 is a fragmentary view showing the front of a
single cutter, the view indicating the cutter in the process
of cutting the coal;

Fig. 9 is a side view of one of the cutters;

Fig. 10 is a front view thereof on a larger scale than
Fig. 8;

Fig. 11 is a more or less schematic perspective view of
the entire machine, certain' parts of the machine being
omitted and other parts being conventionally illustrated,
in order to more fully shown the overall aspects of the
machine;

Fig. 12 is a more or less schematic view showing the
manner in which the cutting disks move first into the
upper part of the coal seam and then work down, pulling
and tearing the coal as the downward movement pro-
gresses;

Fig. 13 is a2 more or less schematic view locking at the
face of the ccal, showing the manner in-which the cutters
operate to form diagonally intersecting kerfs in the face
of the coal; and

Fig. 14 is a schematic view tracing the movement of

o the cutters. :

The general organization and assembly of the machine
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may be best seen by reference to Figs. 1, 2 and 11. The
machine as thus illustrated has a chassis designated gen-
erally as 2, with a front axle 3 having wheels 4 thereon,
this axle being a power-driven fixed axle. At the rear
end of the chassis there are swiveled wheels 5 which, as
indicated in Fig. 2, can be turned for steering and ma-
neuvering the machine. Rubber tired wheels are prefer-
ably used for the reasons hereinafter noted.

At the front of the machine there is a forwardly and
downwardly-inclined apron 6 along the center of which is
a conveyor chain 7 that passes around a sprocket $ at
the forward tip of the apron. This conveyor extends up-
wardly and rearwardly and travels along a horizontal
trough 8a. At the rear of the horizontal trough 8a there
is a swiveled extension 9 that can be raised and lowered,
or moved from side to side, the conveyor being of a
known construction, and forms no part of the present
invention per se. The sides of the conveyor trough are
made flexible adjacent the hinge peint of the conveyor

so as to permit the required movement, as is well under- *

stood in the art. There is a sprocket i€ at the end of
the extension 9 around which the conveyor chain passes.
The conveyor as shown in Fig. 2, where a fragment of
the chain is iltustrated, preferably comprises a single
central chain 11 having laterally-extending flights 12,
these flights moving the coal along the surface over which
they travel.

The inclined apron 6 is provided with a hydraulic jack
13 by means of which it can be raised and lowered within
limits. The apron itself has flared side portions 14.
The sprocket 8 is on a shaft 15 that extends across the
nose of the apron, and it has reversely arranged screw
conveyors 17 and 18 thereon, the function of which is to
move coal at each side of the central conveyor inwardly
toward and onto the conveyor. Foldable auxiliary
gathering elements are indicated at 19 at each side of the
apron (see Fig. 2).

According to the present invention, there is provided
a boom structure designated generally as 20 that projects
forwardly over and beyond the apron, and which pivots
about the axis of a shaft 21. This boom, which is formed
of a casting, or of metal plates, is arranged to be raised
and lowered by means of hydraulic jacks 22 located at
each side of the boom forwardly of the front axle of the
machine. Mounted on the boom and projecting forward-
1y therefrom are two like structures or carriers 23, which
are of generally triangular shape with the apex of each
triangle at the rear of the structure, the apex of each
structure being pivotally engaged with a fixed pivot pin
24 on the top surface of the boom, whereby they may be
oscillated from side to side over the top face of the boom.
At the forward end of each of the structures 23 are for-
wardly-projecting arms 25 forming a support for a shaft
26. Each member 23 also has a housing 27 intermediate
the two arms 25 for enclosing the drive gear for the shaft
26 as hereinafter more fully described. The shaft 26 has
a series of spaced cutter disks 28 thereon, which disks
will be hereinafter more fully described. T have shown
four cutters on each shaft, but this may be varied, a
plurality, however, being desired.

According to the gemeral plan of operation of the
machine, the two shafts 26 are simultaneously rotated to
rotate the cutter disks 28. At the same time the carriers
23 are oscillated in a generally horizontal direction so
that the cutter teeth have a compound motion in the face
of the coal as will be hereinafter more fully explained,
and by reason of such compound movement, criss-cross
diagonal kerfs are formed in the face of the coal. As the
cutting progresses, the coal breaks out, falls to the ground
where it is gathered by the apron and conveyor, and car-
ried back over the machine and dumped into a car or
other receptacle. In the preferred method of operating
the machine, the boom 29 is tilted upwardly in the man-
ner indicated in the dotted lines in Fig. 1, and as the
cutter disks rotate and are moved sideways back and
forth, the machine is moved slowly forward cn its rubber-
tired wheels into the coal seam, at the top as shown in
Fig. 12, this being what I term the “sumping cut.” This
cut is continued to a depth preferably roughly approxi-
mating the diameter of the cutting disks. In Fig. 12, C
designates the coal and S the sumping cut. When the
forward cutting has progressed to the depth above indi-
cated, the forward travel is stopped and the cutter head
is caused to move down, cutting into the bottom of the
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sumping cut and ripping and digging the coal out. The
coal falls toward the front of the machine as it is ripped
and broken out. When the cutters reach the floor level,
the machine is backed away, the cutter head raised, and
the cycle repeated.

With this general description of the machine and its
manner of operation, the details of one present preferred
construction may be more fully explained and more easily
followed.

Tl'ge main drive for the cutters and the conveyors is
provided by two motors located on the boom, one at
each side of the center line. It is contemplated that each
of these motors may be of 60 H. P. although this may be
changed from time to time. The motors are more or less
schematically illustrated, and they are designated 38. The
rear end of each motor shaft is connected through a
flanged coupling 31 with a shaft 32 on which is a worm
gear 33, the details of which are shown in Fig. 7. The
worm gear 33 at each side of the machine is located in
a housing 34 and each worm gear engages a worm wheel
38 at the end of a transverse shaft 2i. In this way the
two worms are connected together and operate in syn-
chronism. As shown in Fig. 7, the shaft 32 is sup-
ported in conical bearings to take both the end thrust
and the radial thrust on the shaft 32. The shaft 21, as
best shown in Fig. 6 is not a continuous shaft, but is
comprised of three sections designated 214, 215 and 2ic,
the shafts 21¢ and 2156 having the worm wheels 35 there-
on, and having splined ends that engage in the mid-
section 2ic. The midsection 2ic has a sprocket wheel
21d thereon over which the bottom reach of the conveyor
chain passes so that the motors 30 are not only connected
to each other through the shaft assembly 21, but power
is transmitted to the conveyor chain through this arrange-
ment. A chain tensioning sprocket 21e is shown in Fig. 1
forwardly of the sprocket 21d.

The boom 29 has vertical side plates 20a thereon (see
Fig. 6), which side plates have bearing elements 20b
that are concentric with the shaft 21, and as shown in
Fig. 6, the gear housings 34 are bolted to these hub
sections 20b. The bearing portions 285 surround bear-
ing retaining hubs or housings 36 on a part of the
machine frame, these housings 36 having bearings 37
therein for the shaft sections 2ia and 21b respectively.
It is through this structure that the boom is rigidly
mounted on the frame of the machine and arranged to
swing up and down about the axis of the shaft 21, as
hereinbefore mentioned. In operation, the cutters are
held against the working face of the coal with great
pressure, and this bearing arrangement provides a mount-
ing designed to resist the thrust, and at the same time
it enables the motors which drive the cutters, as here-
inafter explained, to be mounted on the boom, and also
to drive the conveyor chain on the chassis of the machine.

The forward end of each motor 30 is connected by a
universal coupling 38 with a connecting shaft 39, and the
shaft 39 has a universal joint or coupling 40 at its for-
ward end through which it is connected to a short shaft
41 (see Fig. 4). The shaft 41 has a spur gear 42 thereon
which in turn meshes with a spur gear 43 (forming part
of a friction clutch assembly designated generally as 44)
through which motion is transmitted to a shaft 46 extend-
ing rearwardly from the clutch, and shaft 47 extending
forwardly from the clutch, the spur gear being effective
to drive the shaft 46 continwously. The clutch provides
a yielding connection or safety friction in the drive which
absorbs sudden shock or heavy strains which might other-
wise injure the mechanism, although overload controls
on the motors are also provided to protect the machine.
The clutch per se forms no part of the present invention.
The shaft 47 at each side of the machine has a worm
48 thereon meshing with a worm wheel 49 on the trans-
verse cutter shaft 26. The shaft 41, the spur gear £2,
the gear 43, and the shafts 46 and 47 are all enclosed
within a housing on the oscillating member 23, with
which these parts are associated.

The shaft 46 has a worm 59 thereon. This worm
meshes with a worm wheel 51 (see Fig. 5) which is hori-
zontal and which is on a short vertical shaft 52. At the
top of the shaft 52 is a disk 53 that carries an eccentric
pin 54. One end 55 of a link 56 engages the pin 54,
and the other end of the link 56 is secured to a fixed
pin 57 at the center of the boom. There is of course a
duplication of this mechanism on each side of the
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‘machine so- that there are two-of the links 56 c@;_mected
witl the single pin 57 as may be clearly: seen: in- Fig. 2.
When the motors 30-are: ¢ perated, they drive the cross

shaft 2F in the manner previously indicated: to -operate .

the conveyor chain. Alse-each motor deives its shaft.39
which transmits motion through universal joint 40 to
the shaft 41 to-drive the spur gear 42: This in:turn drives
the shafts 46 and 47. The motion of shaft 47 is: trans-
mitted through: the-gearing described to revolve the group
of -cutters forming the cutting head of one side of the
machine:. The shaft 46, driving the disk 53 with its
eccentric pin: 54 at: the same-time -causes: the: frame mem-
ber to be oscillated in- a generally horizontal plane, or
from- side to-side' about its: pivet 24: Thus- as the: motors
are operated, the cutting disks 28 which- operate in a
vertical' plane are simultaneously caused: to travel side-
wise: The universal joints 40 and couplings: 38 allow the
-arcuate: movement of the units 23 relative to' the: driving
‘motors, while transmitting power from the-driving meters
to the respective mechanisms -on the escillating framies,
" In- the preferred‘embodiment.of the miachine as I have
described it, the cutting head is formed of twe series. of
cutters, one ow one of the members 23; and one on the
other of these members. 'TFhe operating: mechanism. just
described: causes these two- members- to: move- simultane-
ously in opposite directions, so: that the sidewise thrust
on the machine is equalized. If the two heads moved
simultaneously in the same direction, or if there were a
single Kead instead of a divided one, it is apparent that
while- the machine would operate satisfactorily, there
would be a reaction tending to move- the chiassis: one. way
or the other opposite to the direction in: which: the
cutters were moving. As: above: stated; by having: two
heads' moving simultaneously in' oppesite- directions; such
side: thrust is equalized.

Since the motors: 30 drive the conveyor -chain 7, and
since the conveyor passes around: the- sprocket! wheel 8,

-the motors 30¢ thus: also serve to:-aperate the gathering
screws T7 and 18-at each side of tlie:apromn:

In the drawings, the controller for tlie motors: 39 iy
schematically: indicated at 58, For propelling the
machine forwardly, there is' a- smaller motor 59 under
the: conveyor which: operates: a: pair -of hydraulic. pumps

at opposite ends of the motor shafts; one of which: pumps.

is: designated’ 60: and: creates: pressure” for' operating: the'
various hydraulic jacks, while the other, designated 61,
operates to duive the wheels: 4 througl & hydraulic trans-
mission (not shown).. A series of controli levers is sche-
nratically indicated’ at 62 for controlling the various hy-
draulic functions of the machine. An:oil tank, located
at the rear of the machine and’ sechematically indicated at
63, contains the necessary oil: for the hydraulic' system
of the machine.

The various hydraulic mechanisms: and- transmiissions
are well known in the art, and form no part of the:present’
invention, per se, and for such: reason: have Beern only
schematically illustrated, and-only: to' the extent necessary
to- enable the general organization of the muchine to:be
understood. ) )

The cutting: disk 28'may be' of any preferred: construe-

" tion, but as shown in'Fig. 3 these cutting disks preferably
Have a hub 28 which i§ keyed' to: the' shaft 26. Extend-
ing out from the hub:is-a web 285, the' periphery: of which
is’ preferably rabbeted' as shown; for interfitting engage-

ment with the cutter teeth carriers: 28¢ which are-secured Y

thereto- at regular intervals: By bolts: that passtransversely
through the base of the carriers and the periphery of
the disk. At the outer end of each carrier 28¢ on the
forward or leading edge thereof is-a recess into-which. is
fitted' a bit holder 28d from: which project’ the: cutier bits
28e. A bolt 28f is employed' to secure the cutter block
. in the recess: The cutter itself may be of any desired
shape, but as shown in Figs. 8 and’ 10} it may have thiree
diverging prongs so-that the' overall’ width: of the cut: is

somewhat wider than the widih of the outer end of the °

carrier 28c. The carrier is preferably’ formed with
bulges 28z at each side thereof, the purpose of which is
to-exert a pressure laterally on the coal at each side of the
cut as indicated in Fig. &.
formed' in the face of the coal; the unsupported! areas: of!
the- coal between: adjacent: cutters is thus subjected to
pressure tending to: break this part’ of the coal away.
In Fig. 8, C designates’ thie coal, and: the manner in
whicg the cutting and breaking takes place is clearly illus-
trated.

45

Since parallel cuts are beihg,
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There may be any desired: number of cutting bits, de-
pending wpon the: diamieter -of the disks and: upon: other
factors including the:character of the coul or-other mate-
rial that iy being .cut; and the amplitude of the sidewise
sweep or osciligtion: of the guiter heads. In-the.eperation
of the machine, it is brought into the mine in positien
against the working face of the coal -or other miaterial-to
be:mined. At the start of the operation, the boom. 20 is
elevated. so that the periphery of the cutters will move:in a
cirele, - the top -of which is- substantially tangent to:‘the
top of the coal seamy, - With the motors 30 operating, the
catters dig into the-coal, and as-they dig in,- the frames 23
oscillate- se: that eacli cutter moves. through a: diagonal
path at the: working' face of the coal.. ¥ the: machine is

- .80 -geared: that” the frame 23' makes one completé oscilla-

tion' for each rotation: of the .cutter shaft, half of the
cutters -on & given disk will:cut a- Rerf which is- inclined
in one direction, while the -other half will cut a kerf
which is inclined in the reverse direction;, thereby cutting
intersecting’ kerfs with diamond-shaped:Iands: in between.
The action- of the cutters-can: be seen by reference te: Fig.
13 showing the wall at the:face of the sumping cut where
there are intersecting kerfs with: diamond-shaped lands
between. In Fig. 14, the pattern:formed by a single cutter
disk having six teetl is' disggrammed. Line a=—a is the
path traversed by one tooth which: may be designated No.
1, and‘line d—d'is traced by the No: 4 tooth. Ling b—b
is traced by teoth: Mo. 2 and line ¢-—c is traced by tooth
No. 3, it being understood: that the teeth- are numbered
in: & counter-clockwise: direction.

TFhe movement of the cutters may perhaps be better
visualized' if we' assume: first that each disk has only a
single cutter thereon, and that its carrier 23 makes one
complete -oscillation for one comiplete rotation of the

- cutter disk. Starting at the top of the: cut, the single

* teoth' would move downwardly through-a vertical'arc and

40-
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80-

85.

at the: same- time it would: be carried sidewise:so that it
would trace a single diagonal line'over the face of the
coal. ‘When the cutter had been carried threugh an arc
of 180° and was: at the bottom of its travel, it would: thien
travel’ upwardly in: & vertical arc: entirely out of coritict
with the coal. At this time the carrier would be shifting
horizontally in the-opposite direction, and when the cutting
tooth-was around to- its starting position at the tep of the
face of the coal, it would register exacily with its position
at the beginning of the cycle. However if there be two
cutters 180° apart, and the same gear ratio remains; one
tootht will: formr 4 diagonal cut in one direttion. When
the second-tooth comes into:position to operate, the.frame
2% will have reached the Hmit of its. travel and start to
reverse, therefore the second: bit will travel a line which
is:a disgonal: that crosses the first one,.and the two teeth
will: describe ackind of an: X-shaped mark on the face of
the' coal,. With six: teeth the pattern: shown: in Fig. 14

- Tesults.

It will- be noted: first. that’ as the cutting head moves
down after completing the sumping cut, the cutters: dre
working not only against the face of the coal:buf:on the
coal: at' the bottom: of the sumping: cut, tearing and
ripping:it out..

As: before: stated,  the ‘operation: is commenced by start-
ing: with' the: boorn: elevated:. Then as the cutting: pro-
coeds;. the boome isilowered so that the cutting head or
heads eventually sweep down one below another in the
manner described.. The-coal that is dug-out by the cutters,
and-the:coal that is: broken out in this way, all falls to the
floor of the mine:. The teeth on the cutting disk, when
the boom is dropped to its- lowest: position, aids in' push-
1ing: the:coal which has thus fallen down back -onto: the
gathering apron and’ conveyors; and other coal is picked
upbythis apron and-the conveyors as the machine shoves
forward-over-the bottom:of the mine. As previously in-
dicated;.the coal i§ carried: up and- discharged: into a suit-
able'receiving device-at therear of the continucus mining

- machine.

It will be seen: that since the cutters’ move laterally
as” they cut into the coal,- the: swath or widik' of the
tunneli formed by the machine and penstratidg the coal
will be substantially wider than the projected’ width: of
the machine itself. If each' head swings through a
maximum' distance” of 15 inchies at the cttting face, the
tuinel willi be' 30° inchey wider than the machine: This
gives: plenty of room for a workiman to get up to the
cutting head if necessary, and gives room to msaneuver
the: mactiine;
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- While other types of cutters; as for example short-
chain cutters, might be used in place of disks at the
forward end of the boom, I prefer to use the disk cut-
ters illustrated, because they are simple in construction,
they are solid, and they can be forced with pressure
against the coal. It has heretofore been noted that each
of the wheels of the machine is rubber tired, the tires
preferably being pneumatic tires. Rubber tired wheels
are preferable to solid wheels or Caterpillars because
they will allow for some yield or give of the machine
and cutting head when it is operating, and this is of
assistance in breaking out the coal.

Various coals break better under different conditions
of operation, and the present invention provides a ma-
chine which is easily adjusted to different types of coais
or other material. For example. the speed of oscilla-
tion or amplitude of oscillation of the carriers 23 can
be changed by replacing disk 53 with a disk having the
eccentric pin 54 closer to, or further away, from the
center. Adjustment for different conditions can be pro-
vided by changing the number of teeth on the cutting
disks themselves, and depending upon where the machine
is to be used, the designer can change the ratio of the
worm gears 50 and 51 to the ratio of the worm gears
48 and 49, so as to change the rate of oscillation of each
head with respect to the speed of rotation of the cutters.
In other words, the same machine can be arranged by
very simple modification of the gearing, so that each
frame 23 will oscillate through one full cycle for each
revolution of the cutter shaft 26, or there may be sev-
eral revolutions of the cutter shaft 26 before a full
cycle of oscillation of each frame 23 has been effected.
My invention therefore provides a continuous mining
machine which, as long as it is operating, continuously
cuts and breaks out the coal. It provides a machine
in which the working face of the coal is cut by inter-
secting diagonal kerfs creating a condition favorable to
the easy breaking out of the coal. Tt provides a machine
of a simple, durable and rugged construction, which
can be readily changed to meet the conditions encoun-
tered in any particular kind of coal or other material
to be mined, and which digs an entry or tunnel sub-
stantially greater than the projected area of the machine,
so that working clearance is always available, and the
machine can be maneuvered around corners and can dig
its way around corners, which is an important advan-
tage.

While I have illustrated and described one particular
embodiment of my invenfion, it will be understood that
this is by way of illustration, and that various changes
and modifications may be made in the invention, and
that the invention is not restricted to the specific con-
struction and arrangement of parts illustrated, but the
same manipulation of the cutters can be secured by
other mechanisms which are fully equivalent for the pur-
pose, and which will be apparent to those skilled in the
art.
I claim:

1. A continuous mining machine having two cutting
heads at the forward end thereof for making a section
cut in a mine vein substantially wider than the com-
bined width of the two cutter heads, comprising a group
of horizontally spaced vertical rotary cutting disks in
each head with the heads conmected for simultaneous
sidewise oscillation, means for rotating the cutting disks,
means geared to the cutter rotating means for simul-
taneously oscillating the two groups of rofary cutters
in opposite sidewise directions with an amplitude to cut
criss-crossing kerfs in the face of 2 mineral vein during
a complete oscillation of a cutter head.

2. A mining machine having a chassis, a verticaily
movable boom projecting forwardly from the chassis,
a pair of cutting heads mounted on the boom each com-
prising a carrier with a group of horizontally spaced
vertical cutting disks connected for simultaneous side-
wise oscillation, means for rotating the cuiting disks,
means geared to the cutter rotating means for simul-
taneously oscillating the groups of cutting disks in oppo-
site sidewise directions with an amplitude to cut criss-
crossing kerfs in the face of a mine vein during a com-
plete oscillation of a cutter head, and means for raising
and lowering the boom to carry the cutters through a
vertical movement while they simultaneously make the
sidewise cuts.

3. A continuous mining machine comprising a chassis,
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a boom structure at the forward end of the chassis
movable through a vertical arc, a pair of carriers
mounted on the boom projecting forwardly therefrom
and interconnected for simultaneous sidewise oscillating
movement, a group of horizontally spaced vertical cut-
ting disks on each carrier, means for oscillating the
carriers simultaneously back and forth opposite to each
other, means for raising and lowering the boom inde-
pendently of the carrier-operating mechanism, and means
geared to the carrier-oscillating means for rotating the
cutting disks on the carriers to make a complete revo-
lution while the carriers make a complete oscillation.

4. A mining machine comprising a chassis, a verti-
cally movable boom projecting forwardly from the chas-
sis, a pair of cutter carriers pivotally mounted to extend
over the front end of the boom, a group of horizontally
spaced vertical cutters rotatably mounted in each car-
rier, connections between the carriers for simultane-
ously oscillating the carriers in opposite sidewise direc-
tions, a common driving means for rotating the cutting
disks and for oscillating the carriers with an amplitude
to cut criss-crossing kerfs in the face of a mine vein
during a complete oscillation of a carrier.

5. A mining machine as defined in claim 1 wherein
each disk has a series of spaced cutter holders thereon
on which are mounted cutter bits, the cutter bits each
having rounded thickened portions inwardly from the
ounter ends thereof for exerting lateral impact pressure
against coal through which the cutters are moving.

A mining machine comprising a chassis, a boom
projecting forwardly from the chassis and mounted
thereon for movement in a vertical arc, said boom
having a supporting structure at its projecting forward
end, and a carrier pivotally supported on the support-
ing structure for movement in a horizontal plane, said
carrier having a shaft at the outer end thereof remote
from the pivotal mounting of the carrier and beyond
the end of the supporting structure, said shaft having
a series of wheel-like cutters with teeth on the periph-
ery thereof, means for moving the boom up and down,
means for rotating the shaft, including a motor, drive
shaft and gearing, an eccentric on the carrier driven by
said driving means, a thrust link engaging the eccentric
at one end and fixed at its other end to the boom whereby
the driving of the cutters effects an oscillating movement
of the carrier.

7. A mining machine as defined in claim 6 wherein
the motor is on the chassis, the last-named shaft has
a universal joint to enable it fo flex with the movement
of the boom up and down and with the movement of
the carrier back and forth, and the gearing and eccentric
are housed in the carrier.

8. A mining machine comprising a chassis, a boom
projecting forwardly from the chassis, means for mov-
ing the boom up and down in a vertical arc, a pair of
generally triangular carriers pivoted at their apices to
the boom and having their ends projecting beyond the
end of the boom, one of said carriers being at each
side of the longitudinal center of the boom, a shaft
at the outer end of each carrier having a plurality of
spaced cutter disks thereon, a driving means for rotat-
ing both cutter shafts, an eccentric crank on each car-
rier rotated by said driving means, and a fixed link
attached to each crank and having its one end fixed to
the boom whereby the carriers are caused to oscillate
when the cutters are rotated and in predetermined rela-
tion thereto.

9. A mining machine as defined in claim 8 in which
the cranks on the two carriers are 180° out of phase
so that said carriers are operated in opposite directions.

10. A mining machine comprising a chassis, a boom
projecting forwardly from the chassis, means for mov-
ing the boom up and down in a vertical arc, a pair of
cutter carriers pivoted to the boom and having their
ends projecting forwardly from the boom, one of said
carriers being at each side of the longitudinal center
of the boom, an eccentric mounted on each carrier
having a link connected therefrom to a fixed pivot on
the boom, a shaft at the outer end of each carrier hav-
ing a plurality of horizontally spaced cutter disks thereon,
and a common driving means for rotating said shafts
and eccentrics for oscillating said carriers about their
pivots in a predetermined relation to the rotation of the
cutters.

(References on following page)
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