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1

This invention relates to an improved mini
machine for the continuous cutting and dislodg-
ing of coal, salt, ore and the like direcily
a soild mine face without the usual undercutting,
shooting and loading cperations.

A principal object of this invention
vide g new

LAEA

ig 1t

is to pro-
and improved form of combined mi

more lump material and utilizing less nower f

the amount of material mined than with f
mining and loading machines. In thiz co
tion the improved machine comprises :
cooperating digging elements which ar
meounied on a wmobile frame for simulia
swinging movement toward the mine face
remove material in a msanner which might
compared with the operation of a pair of o
or pincers driven into the mine face, theret
cutting and dislodging material in large In
sizes and with a minimum of fines or dust.

Previous atiempis to carry out direet mi
operations by tong- or pincer-like arrangeme
have met with failure when applied to mining of
hard materials such as coal, ore and salt be-
cause of fallure to apprsciate the proper method
of applying power to the digging elements.

In the present invention, as graphically por-
trayed in Figure 8, power is utilized most effec-
tively by application through ecceniric means
such as a crank or cam shaft which anplies an
increasing force to the digging elemenis as they
are driven info the mine face. An ancillary fea-
ture includes the provision of impact mechonism
which goes into operation automatically to apply
a series of hammer blows to the digging elements
whenever they are stalled, or aboub to be stalled,
by resistance in the mine face.

A specific object is the provision of batter
clutch means in the drive for the digging ele~
ments which is normally inoperative but goss into
operation automatbically rasponsive to s prede-
termined abnormal reaction between the mins
face and the digging elements to store driving
energy and release it in g series of sharp impacts
to overcome the abnormal resistance met in the
face.

Another object, broadly, is the provision of
driving mesns for the digging element or eie-
ments which will apply a series of hammer klows
to the digging element(s) whenever resistance
to digging exceeds a predetermined value.

Ancther object is the provision of driving
means so arranged that the hammer blows will
be applied to the digging elemenis in simul-
taneous timed sequence to facilitate siraight-
line advance of the digging elements into the

Neous
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40

45
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Without this arrangement, if the
w5 were permitited to be struck first
s nt and then on the other, power
would be wasted in slewing the head of the ma-
chine ineffectively in one direction or the other.
A further object is the provision of driving
means for the digging elements in which 2 single
driving member, herein specifically disclosed as
a crank shalt or cam, is utilized to actuate both
digging elements so they will swing forward and
hackward in positively simultanecus, timed
sequence whereby the machine will dig straight
ahead and not slew off toward one side or the

cther.

I

the provision of a min-
cter described in which
i ments are mounted cun
o auxiliary frame which itself is mounied for
2 and retractible movement with respect
te the main frame so the digging elements may
be fed into the mine face while the main frame
is stationary—ithis heing distinctly advantageous
in that it provides g fixed platform, stable ir-
rvespective of roughness in the floor surface, for
driving the digging slements int .
Another object is the provision of g combined
mining and loading machine having concurrent-
Iy swingable digging arms mounted on a poriakie
main frame for universal movement, including
forward and backward movement, up and down
meovement, end side to side movement, whereby
an entire mine face may be mined out without
tramiaing the machine forward or sidewise,
Other objects and advantages of the present
invention wiil appear in the following description
saken in conaection with the drawings in which:
Figure 'l is a plan view of g continuous cutting
and loading machine employing one embodiment
of the present invention;
Big, 2 is a side view of the machine shown in
g. 1;
Fig. 2 is o fragmentary enlarged view of

F:

showing more particularly the forwsrd o
the machine consiructed in sccordance with
present invention; )

ig. 3o i a cross-sectional view of Pig, 2, taks:
along line 3a—2aa;

Fig. 4 is g side view of g, 3;

P

55 of Wig. 3;

g, 6§ is a fragioeniary persy
loading machine showing the
ging arms and for the somponents of the gather-
ing mechanism;

v the dig-
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Tig, 6a is a cross-sectional view of Fig. 6, taken
along line 6a—6¢a;

Fig, 7 is an enlarged fragmentary plan view
of the arrangement for driving the digging arms
and shows the details of the battering cluich
means employed to overcome abnormal resist-
ance met by the digging arms;

Fig. 8 is a graphical representation of the in-
creasing force applied by the digging arms as they
penetrate the mine face; and

Fig. 9 is a dilagrammatic view of another driv-
ing arrangement wherein auxiliary motor means
is employed for applying a series of hammer
blows to the digging elements responsive to a pre-
determined abnormal reaction between the min-
ing face and one or both of the digging elements;
this embodiment differs from that covered by the
previous figures in that separate motor means
is employed to apply the hammer blows.

General arrangement

Referring now more particularly to the draw-
ings, the general arrangement illustrating the
present invention is best shown in Figs. 3, 4, 5
and 6, the remainder of the machine, particular-
Iy the rear end, being similar to that disclosed
in applicant’s prior application, Serial No. 116,~
684, filed September 2€, 1949, which is herein in-
cluded merely for the sake of disclosing a com-
plete machine serving as an environment for the
present invention.

A portable or mobile main frame {3 (Figs. 3
and 4) is suitably mounted on and progelled
about the mine by a pair of laterally spaced, con~
tinuous tread devices f{{. A horizontally swing-
able intermediate frame {2 is mounted on the
forward end of the main frame for pivotal move-~
ment about a vertical axis {8¢—12a of sleeve 24

. (®ig. 5). The intermediate frame 12 has an ex-
tensible frame i4 supported and guided thereon
for forward and backward movement relative
thereto and has the cutting and dislodging ar~
rangement of the present invention, generally
designated 15, projecting forwardly therefrom.
The arrangement (5 will be described in detail
subsequently.

The lower reach of an endless, center-strand
chain conveyor i9 is mounted on the machine
and runs forwardly in a forwardly and down-
wardly disposed section 28 (Fig. 5) of the exten-
sible frame [4 and the upper reach runs upward-~
ly and rearwardly from the forward end of that
section, then runs backward beyond the main
frame 9 over a horizontally and vertically
swingable rear discharge end 2{ for discharg-
ing the mined material into a suitable receptacle,
such as a mine car, a rubber-tire-mounted shut-
tle car or any of the well known forms of con-
veyors of the type used underground in mines.
A gathering mechanism, generally designated 23,
is provided at the forward end of the frame sec-
tion 28 to pick up the mine material from the
ground and discharge it onto the receiving end of
the conveyor.

For horizontally swinging the front end of the
machine, the intermediate frame 12, which car-
ries the extensible frame 14, is pivotally mounted
on the upright sleeve 24 which depends from and
is herein shown as being formed integrally with
an upper plate 26 of the main frame {§, and is
recessed within the lower plate of the main
frame, all as shown in Fig. 5. The intermediate
frame {2 extends forwardly beyond the sleeve 24
along the top of the main frame 18 and is slide-
ably supported for horizontal swinging movement
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on an arciiate segmental bearing 29 which is car-
ried at the front of the main frame. An arcu-
ate shouldered-under forward end portion 30 of
the main frame {0 is slideably engaged by a seg-
mental retaining guide 31 secured to the bottom
of an arcuate flange 32, which latter depends
from the forward end of the intermediate frame
12 and functions to hold the intermediate frame
against vertical displacement during operation
of the machine.

The intermediate frame (2 is swingable about
the axis 12¢—I2a of sleeve 24 and fixed in any
desired position by means of a double-acting
cylinder 33, the latter being suitably pivoted at
its head end to a bracket 34 extending laterally
from a side frame member 35 of the main frame
10. A piston rod 36, extensible from cylinder 33,
is pivotally connected at its forward end to an
arm 371 extending laterally from and herein
shown as being formed integrally with the inter-
mediate frame 12.

The intermediate frame 12 acts as a slideable
support for the extensible frame (4. As shown
in Fig. 3a, the intermediate frame {2 has two
Jongitudinally extending upstanding wall por-
tions 38 defining a central channel through which
the conveyor {9 passes. Upper and lower sup-
porting arms 39 and 40, respectively, extend out-
ward from. the wall portions 38 and have longi-
tudinally extending vertical support and guide
plates 44 at the outer ends thereof. The plates
44 extend beyond the forward and rear of the
arms 38 and 49. The upper and lower edge por-
tions of the plates 44 function as slideable sup-
ports for the extensible frame {4 which has, at
the rear and on each side thereof, a motor 45.
The motors 45 are herein shown as being well
known forms of electric motors and serve to
drive the cuiting and dislodging arrangement
i5 and the gathering mechanism 23 in  manner
to be described in detail. As shown in Fig. 3a,
the motor housings 46 have shouldered guides 47
extending inwardly from and along the upper
and lower edges thereof and opening toward each
other for slideably engaging the upper and lower
edges of the guide plates 44.

As shown in Fig. 1, double-acting cylinders 58,
having piston rods §1 extensible therefrom, are
provided on each side to extend or retract the
extensible frame (4 relative to the intermediate
frame §2 along the support and guide plates 43
for moving the cutting and dislodging arrange-
ment 15 toward and away from the mine face
while the main frame {0 is stationary on the
treads {i. The cylinders 58 are clamped to the
inside of the guide plates 44 by longitudinally
spaced clamps 93 and they extend beyond the for-
ward ends of plates 44. As shown in Fig. 3a, the
piston rods 5! extend through and are sccured,
as by nuts 51, to ears 54 which extend inwardly
from the housing structures 46 of the extensible
frame.

Guathering mechanism

As best shown in Figs. 3, 4 and §, the gathering
mechanism 23 is mounted on the extensible frams
14 for forward and backward movement thers-
with, and is pivotal thereon for movement be-
ftween a “down” position to gather dislodged ma-
terial directly fromx the floor and an “up” posi-
tion to clear the floor during tramming. As
shown, particularly in Fig. 4, the gathering mech-
anism 23 includes an apron-like frame structure
3% having a flat upper surface 53b with laterally
extending trunnions 60 pivotably journaled with-
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in support arms 58 which extend angularly down-
wardly from the housing structures &8 of the
xtensible frame {4,

The gathering mechanism 23 is pivotable for
up and down movemsnt about the axis of the
trunnions &8 by means of a pair of double acting
fluid pressure cylinders 84 (Fig. 4) each having
o piston rod 85 extensible therefrom. Hach of
these cylinders extends along, and inside of, one
of the angular support arms 68, which carry the
gathering mechanism. Hach is pivoted at ils
rear end to its corresponding support arm 88
and its piston rod is pivetally connected at the
forward end to lever armm 87 formed integrally
with and depending from gear housing 8. The
gathering mechanism 23 may be of any well
known form, but is herein shown as being an
endless chain type, including two laterally spaced,
substantially coplanar, endless chains 87 guided
in orbital paths about upper, driving sprockets
Tt and lower idler sprockets Tig for movemsnt
along the top surface §4b of the inclined apron
3. FHach of the endlegs chaing carries a plu-
ality of spaced gathering arms 79 pivotally con-
nected thereto angd extending laterally thereiroy
and peyond the forward end of the apron 83 at
their forward Hmit of travel to wpick up Iloose
material from the ground, convey it upward and
discharge it onto the receiving end of the con-
veyor §8.

ing

% .

The conveyor i

the laterally fexible, center~strand, endless chain
and fight type, including i
formed from a plu lighed lengt
chsin vertically and horizontally pivoie

3 ends te copposite sides of =
ying flights §8. As shown in Fig, §, ¢
chain €5 passes forward from the
the horizontal section of
glong the inclined secticn o

ound & 3 i

(=]
")
Q
2,
o
w

dirsction~changing idls
which is journaled adjacent the for-
of the exiensible frame {4 and up-
ong ineclined and horizontal sections
As shown in Fig. 5, the horizontal

2 snd 148 (which are part of
rame 18) are interposed between, and
in lapping relation with, chain-carrying plates
85 and {47 respectively of the main frame o
proevide for extension and retraction of the chain
with corresponding movements of the extensible
frame (4. To permit the forward portion of the
chain to extend and retract in this mannsy while
the rear end is guided abouf a relatively fixed
idler 133 on the rear section, chain tightening
means, such as disclosed in the above-mentioned
co-pending application, may be utilized. For a
description of the details of that chain tighten-
ing means, reference shouid be made to the prior
application—briefly, it comprises a structure in
which the lower reach of the chain is looped abous
a peair of idlers 137 and 143 (Fig. 2) which ars
urzed apart by suitable hydraulic means.

Other details relating to the parts of the ma-
chine behind the intermediate frame 12 are de~
scribed in detail in the above-mentioned co-
pending application and it is considered unneces-
sary o repeat them here.

2 8
sectiong O

Cutting and dislodging arrangement

The deseription will now be directed primarily
o the parts illustrating the present invention.
Referring now to Fig. 6, the spaced side plates
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&8g of the extensible frame {4 are joined at their
forward ends by a cross-piece 28! which, itself,
is formed with forwardly extending, spaced
members 282, 283, 264 and 286, which carry main
bearings 287, each held in place by a retainer
288 (Irig. 3). The latter are held in place by
bolts 288,

Rotatable eccentric means, in this case a crank
or cam shaft 2{§ is journaled within the bear-
ings 2387, with crank arms 212 and 2{2¢ being
disposed for rotation between sections 2852—283
208285, respectively, of the extensivle frame {4.

A vertically pivoiable boom 248 is mounted on
the forward end of the exiensible frame (4, be-
tween sections 283 and 204,

The rear end of the boom carries a bearing
214, held in place by a bolted retainer 248. AS
the forward end of the boom is a palr of co-
planar avcuate digging arms or elements 2i7
pivotally mounted on {ransverse pins 248 for
swinging movement toward and away {rom the
mine face. The end of each digging arm is pro-
vided with a sharpensd muliiple-pick-like for-
matbion 219 to fagilitate peneiration of the mine
face.

The digging armg are interconnecied for simul-
tanecus swinging movement toward and away
from the mine face, being coincidentally driven
by the crank means 814, as will now be described.
Referring to Figs. 6 and 6a, along each side of the
boom is a gibbed formation 22§ having upper and
iower, longitudinally exiending guide slots 222
and 228. A reciprocable slide member 224 having
upper and lower longitudinally extending tonguss
228 and 227, respectively, engaged with slots 222
and 223, is mounted on each side of the hoom for
ferward and backward movement responsive to
rotation of the crank means 221, as wiil be seen.
Each of the crank arms 212 and 2{2q is connected
to a corresponding one of the members 224 by
means of a connecting rod 228, each of the latter
being pivobed to its corresponding member 224
by a wrist pin 228, The forward end of each
eember 224 is provided with a vertical pin 23
forming a pivotal mounting for upper and lower
links 232 and E33. The latter are pivotally
mounted at their opposite ends on a similar verti-
cal pin 284 extending through the corresponding
digging arm. Fach of the members £24 is herein
shown as built up, by welding, from a main
central section and upper and lower tongue-
carrying sections. I¥i desired, Lowever, each
member 224 may be formed as an initial, unitary
part. As shown in the drawings, parbisularly in
Fig. 6, the crank arms 22 and 2i2g will be ofi-set
from the axis of rotation of the crank in the
same direction. Thus, it wiil be seen that rota-
tion of the crank resulis in simulianecus forward
andg backward movement of the connecting rods
228, This will, in turn, reciprocatie the members
224 in unison to resull in simulisnecus forward
and backward swinging movement ¢f the digging
arms 217 through linkage means 233—2338.

Atop the rear end poréion of the boom 23, and
held by bolits 238, is 2 pad 237 having a pair of
upstanding spaced ears 288. Connected betwesn
the tips of the ears is a pin 235 engaging the end
of a piston rod 24¢ which runs in and out of a
double acting cylinder €42, the latter being pivot-
ally mounted by a pin 243 (Fig. §) to a bracket
244 connected to the extensible frame (4. Thus,
the cylinder-piston arrangement 282—24{ will
be effective through suitable hydraulic eontrols
(not shown) to pivet the boom up or down about
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the axis of the crank and maintain it at any
particular pivotal position when desired.

Impact-generating means

Attention will now be directed to the novel
means for rotatably driving the crank shaft 241
and for applying a series of hammer blows to it
when necessary to overcome an abnormal resist-
ance encountered by the digging arms in the mine
face.

In Fig. 6 the driving arrangement between the
two motors 45 and the crank shaft and gathering
means is shown. For simplification, to expose
the parts of the gathering means, the motor on
the far side of that figure is shown shifted beyond
its normal position which is indicated in broken
lines. To further clarify the figure, only the
connections for driving the crank shaft are shown
on the near motor and only thoese for driving the
gathering mechanism are shown on the far
motor. It will be understood, however, that each
motor is connected to drive its corresponding end
of the crank shaft and one of the gathering
mechanism driving sprockets %1,

Referring now, frst, to the driving arrange-
ment whereby each motor drives one end of the
crank shaft, each rctor shaft 248 operates
through a hammer blow mechanism 247 (to he
described in detail) to turn a bevel gear 243.
The latter meshes with and drives a bsvel gear
265 which, in turn, rotates shaft 25i and turns
pinion 252, The latter is connected, through
speed reducing gears 253 and 254, to drive the
main gear 256 on one end of the crank shaft.
This arrangement is duplicated on both sides of
the machine.

Referring now to the arrangement for driving
the gathering mechanism, reference is made to
the far motor in Fig. 6 where the rotor pinion 257
is shown driving gear 25§ through a reach gear

289. Gear 258 is connected to rotatahly drive
worm 261 through universal joints 252 and 253

and intersplined shafts 264—2§8. The worm 281
meshes with worm gear 267 and drives shaft 258
supporting the driving sprocket 7{. This ar-
rangement, as pointed out above, is also dupli-
cated on each side of the gathering apron §3.
The infersplined connection between members
264 and 266 compensates for the variation in
distance between each motor 45 and its corre-
sponding worm 26{ as the gathering mechanism
is tilted up and down about the axis of its trun-
nions 59.

The hammer blow means, generally designated
241, comprises in this instance a batiering clutch,
best shown in Fig, 7. The battering clutch has
a housing 289 and a bore 27i lined with a bearing
or bushing 272, Journaled within said bushing,
for rotatable and reciprocable movement, is a
battering member 273, threaded internally at a
steep angle as shown at 274. Reciprocable
" movement in one direction is limited by an in-
turned stop shoulder 278 and in the opposite
direction by an annular retainer 277 held in place
by bolts 218. One end portion of the internally
threaded member 273 is provided with a slot 279
which engages a similarly formed flat-sided pro~
jection or extension 28{ provided on the end of
the rotor shait 246. In the present instance, the
opposite sides or edges of the projection 281! com-
prise spaced parallel surfaces 282, and the mating
surfaces 283 in the member 273 are of like con-
figuration. The projection 28, however, is
considerably narrower than the slot 279 in order
to provide sufficient clearance for the battering
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member 273 to move into and out of engagement
with the projection when hammer blow action is
required, as will be described.

The bevel pinion 248 is keyed to a shaft 284 by
a feather 286, the shaft being rotatably sup-
ported in a bearing 281 mounted in one end of
the gear housing 268. The opposite end of shaft
284 is formed with steep, external threads 289
which are engaged with the internal threads 273
in the battering member 273. The latter is nor-
mally urged to the left (Fig. 7) against stop plate
217 by a coil spring 291 which is footed against
an inturned shoulder 292 formed within the
housing 265. Under the condition shown in Fig.
7, which may be considered normal, the battering
member 273 will engage the projection 281 within
slot 278 for transmitting rotational force steadily
from the motors 4% to their corresponding gears
258 through the respective gear trains. An
annular spacer flange 293, interposed between
the housing 269 and 288, carries a grease retainer
284. DBetween the reciprocable member 273 and
the spring 2981 is internosed a ball bearing mem-
ber 2856 to provide for rotation of the member
213 with respect to the spring.

In operation each of the impact generating ar-
rangements, generally designated 241, functions,
independently of the other, as follows:

Wormally, teraue will be transmitted from rotor
shatft 248 to the battering member 273 through
interengagement of the projection 28! and the
siot £%3. 'The driving torque hetween member
233 and the shaft 284 will tend to cause the mein-
ber 2%3 to rotate relative to the shaft and climb,
to the right, up the threads 289. Under norinal
ioad conditions, however, this tendency will be
completely off-set by the spring 28{ which will
maintain the member 273 at its leit-hand lirnit,
4s shown in Fig, 7. Under abnormal load condi-
tions, as where the digging arms 217 are stalled
in the mining face, or about to be stalled, the
pattering member 273 will “climb” to the right
(Fig. 7) upon the shaft 284 to disengage the slot
27% from the projection 281f. The rotor 246 will
then “race” for approximately one-half a revoiu-
tion and re-engage the battering member 273
with a hammer blow as the slot of the latter is
pressed back onto the extension 281. Thus, ki-
netic energy will be permitted to build up in the
rotor for approximately half a turn and applied
suddently to the digging arm drive to permit the
arms to overcome the abnormal resistance met in
the face. These hammer blows will be repeated
until the digging arms are again moving smooth-
ly into the face. The torque between the shaft
284 and the rotor 245 will be proportional to the
resistance met by the arms in the mine face and
the torque at which hammer blow action begins
to occur will be predetermined by the strength
of spring 284.

The hammer blow means may be incorporated
at any desired position between the motors and
the digging arms. In the present instance it is
considered advantageous to drive the two ham-
mer blow units directly from the two motors, so
as to be on the high speed side of the crank 241
and, therefore, impart hammer blows to the dig-
ging arins at a high frequency. With this ar-
rangement it is recognized that, under some con-
ditions, the effectiveness of the hammer blows
may be somewhat reduced by energy absorption
in the gears and other parts of the drive; hence,
in certain service conditions, it may be prefer-
able to place the hammer blow generating means
closer to the digging arms.
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With the present arrangement, it will be noted
that the two hammer blow units 247 provide for
advantageous, indepsndent and flexible cbpera-
ion. If one should fail for any reason, the other
would still operate so as to avoid a possibie shus-
down which might result if both went out of use.
Furthermore, while hoth units operate independ-
ently, nevertheless they do cooperate in apply-
ing the above-mentioned bhattering action %o the
two opposite ends of the crank shaft.

The moiors 4% will not necessarily be synechro-
nized so that, in operation, they need not run at
identical, synchronocus speeds. On the conitrary,
there are certain practical advantages of per-
mitting the motors to run independently over a
range cf conditions whereby, at times, the batter-
ing clutches 247 will be in phase to suppors one
another as to megnitude, at other times com-
pletely out of phase 50 as to doubie the frequency
of impacts applied and, at still other times, at
intermediate phase eonditions, thereby provid-
ing an automatically variable battering arrange-
ment to apply hammer blows to the mine face
over a wide range of variations both as to magni-
tude and frequency, so as to automatically seek
out the conditions under which the cosl, salt or
ore breaks down most easily. Under some condi-
tions of mining, it may e found advaniageous to
deliberately run the two motors 45 at different
speeds, or to run one at a fized speed and the
other at a varying speed, so as to introduce a
fixed or variable “beat” in the action of the im-
nact means on the digging arms.

While one specific hammer blow means 247
has been described, any other arrangement capa-
ble of generating blows responsive to a predeter-
mined torque or resistance in the mine face may
be employed.

Referring now to Fig. 7, the housing and bear-
ing arrangement for certain of the driving gears,
not previously mentioned, will be deseribed. The
shaft 251 is held at ifs ends by bearings 287,
maintained in place by retainer caps 282. The
shaft 282, carrying gears 253 and 254, is similarly
mounted in bearings 381, maintained in place by
retainer caps 382.

As pointed out ahove, previcus arrangements
for driving swingable digging arms have been
vnsatisfactory in that the load applied to the dig-
> arms decreasad as they penetrated the mine
In contrast to this ides, attention is di-
rected to Fig. @ which is a graphieal representa-

Fig. 8 is to he considered
in connection with Fig. 3, where, at the front end
of the machine, a line is drawn indicating the
pproximate Iocation of the mine face as, in
practice, it would he, s few inches ahead of the
oom before digging begins., Starting at the mine
i 1re a number of positions indicated <1, «2,”
ete., these positions being the location of

Wi

range of penetration within the mine face. These
uositions comprise the apscissa of the curve in
A represeniative range of forces, exert-
the end of each digging arm by use of a
i tor, comprises the ordinate cf

practical size mot
he r example, from Fig. 8, if the force
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Ovperation

In operation, the miner will be advanced into
a room 3868 (Fig. 1) and centrally located with
its endless freads §! parallel to the sides of the
room. After completing a cut to define a spheri-
cally shaped face 381, the extensible frame will
be refracted to the limit of its travel by ap-
plying pressure through suitable hydraulic mesns
(not shown) to cylinders 3. The machine will
then be trammed forward on the treads ti by
suitable driving and control means (not speecif-
ically shown) until the tips 219 of digging arms
217 are within a few inches of the face, it be-
ing understood that the digging arms will have
previously been moved to their exireme re-
tracted position, as shown in Fig. 6. The rear
end section of the conveyor 1§ will be swung
to discharge onto a suitable receptacle such as
a shuttle car (not shown). Then, by applice-
tion of hydraulic pressure to cvlinder £3, the in-
termediate frame 12 will he swung to align the
digging elements with one side of the mine face.
The boom 243 will be lowered by application of
pressure to, or release from, cylinder 242 to lower
the digging elements tc the floor. The motors
£5 will then be energized by suitable means (not
shown) to swing the digging arms 217 inio the
mine face, the batiering clutches 247 going into
operation automatically when needed to over-
come abnormal resistance in the face. After ad-
vancing through pesitions 1-10 (as shown in Fig.
3) with increasing force (as shown in Fig. 8)
the arms will be swung back to their retracted
position for a new bite at a higher level as the
boom is swung upwardly by pressure admittad to
cylinder 242 to traverse the face from floor to
roof. As the material is dislodged, it will be
transferred by the gathering mechanism to the
conveyor {9, which then moves it to the back of
the machine for discharge onfto a suitable re-
centacle.

In one construction of the miner, provision
is made for extending the extensible frame 14
about 24 inches. In mining very hard mate-
rials, the extensible frame may be set to dig,
88y, § inches into the face. Then, after the head
has traversed all the way from the ficor to ceil-
ing, the extensible frame (4 wiil be advanced
another 8 inches or so, with respect to the main
Irame, for the return pass to the floor level. By
making repeated up and down nasses, follow-
ing extensions of the frame {4, the face may be
mined in to the full sxtent allowed by the ex-
tensibility of frame 14 without changing the
position of the main frame.

Foliowing mining cuf one side of the face,
for the full depth permiftted by the extensibility
of frame {4, the latter will be retracted and swung
about axis 12a—{%a¢ until the digging arms are
aligned with the adjacent uncut portion of the
face. This portion will then he mined out to
the extent permitied by the extensibility of frame
{4 and these operations will be repeated until
the entire face is mined from top to hottom, and
frem side to side to the mazimum depth per-
mitted by the machine. This entire series of
operations will have bhsen performed without
changing the position of the main frame. When
it is completed the frame 14 and the arms 217
will once more be refracied {o their limits and
the machine trammed forward to repeat the se-
ries of opsrations in the new face.

By tieing the movement of the two digging
elements 217 together with the common mem-
ber 211, the hammer blows must necessarily be
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applied to the digging elements, through the
member 221, in simultaneous timed sequence.
This facilitates straight-line advance of the pair
oi digging elements into the mine face. If the
hammer blows were permitted to be applied first
to one element and then to the other, much of
the effectiveness of the impacts would he dis-
sipated by uselessly slewing the head one way
and then the other. By applying the hammer
blows to the two digging elements in simultaneous
timed sequence, the pair will advance straight
into the face.

It will thus be seen that the present invention
provides g mining and loading machine which
drives the digging elements 217 inte the mine
face, with forces which increase with the amount
of penetration, to rapidly dislodge material, di-
rectly from a solid mine face in relatively large
pieces and with a minimum of power consump-
tion.

Modification employing separate power source
for impaci-generating means

Fig. 9 shows a modified form of drive for one
end of the crank shaft 2i{. It will be under-
stood that the same arrangement might be dupli-
cated for the opposite end of the crank shaft.
In this arrangement, the battery clements 247
(Fig. 6) will be operably connected through the
crank shaft to one of the msin driving mo-
tors 45 and an auxiliary motor 268. Control
means 240 is connected in the drive between the
main motor and the digging elements. Impact
generating means, in this case including a bat-
tering clutch already described under the des-
ignation of numeral 247, is connected in the
drive between the auxiliary motor and the dig-
ging elements. The impact generating means is
controlled by the control means 240 for super-
imposing a battering or vibratory load on the
relatively continuous load applied by the main
driving motor 45 whenever the resistance encoun-
tered by the digging elements in the mine face
rises above a predetermined point, as will now be
described in detail.

As shown in Fig. 9, the main drive gearing be-
tween the motor 45 and the crank shaft 2i1 is
identical to that described for the previous em-
bodiment except that a straight shaft 235 re-
places the battering clutch 247, the latter now be-
ing connected to drive the gear 256 directly
through pinion 285; and the contrcl means 240
takes the place of gear 283 and shaft 299.

The control means 245 is mounted on a shaft
298¢. On the right end portion of shaft 28%a
is keyed the pinion 254, the latter being held
against longitudinal movement a C-ring 25i.
Held on the opposite end portion by a C-ring
352 is a relatively wide gear 253a. Adjacent the
C-ring 352 the shaft is formed with steep threads
353 engaged with mating internal threads 2354
in gear 253a. At the end of the threaded sec-
tion is a collar 356. Between the gear 253a¢ and
pinion 254 is a compression spring 357, seated
at its right end on an annular bearing member
358 which is mounted for limited rotatable move-
ment with respect to the pinion 254. While the
particular forque-responsive control means de-
scribed may be utilized, it will be apparent that
any other means capable of responding to the
reaction between the digging arms and the mine
face may be utilized to control the application
of the battering cluteh 247 to the crankshaft.

A normally open limit switch 359, mounted
adjacent the gear 253¢, has a roller-carrying ex-
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tension 361 engageable with the end face of the
gear. When the gear moves to the right, the ele-
ment 36{ follows, permitting switch 359 to close.

Referring now to the auxiliary moter portien
of the circuit arrangement shown in Fig. 9, the
battering clutch 247 is driven by the motor 268
through a chain 265. An electrically actuatable
connecting clutch 250, being shown only dia-
grammatically, is actuatable to connect the bat-
tering clutch to a pinion 255. With this ar-
rangement the auxiliary motor 266 and the bat-
tering elutch may, if desired, be run continucusiy
while the mining machine is operating, so as to
be up to speed when needed, and the connecting
clutch 250 will operate instantaneously to trans-
mit irapact loads to the crankshaft through pin-
ion 255 whenever the limit switch 359 is closed.

In operation, the main driving moter 45 and
the auxiliary motor 260 will normally both be
running. However, unless the resistance met in
the mine face rises above an abnormal amount
as predetermined by the strength of spring 357,
only the main driving motor 45 will actually carry
any load. This load will be transmitted through
pinion 252¢ and gear 253a¢, and, bhecause the
spring 357 resists climbing movement of the gear
283a¢ up the threads 353, the pinion 2524 will he
driven as a unit with the gear 253¢ to transmit
power to the crank shaft. During this time, the
auxiliary motor 260 is rotating freely by reason
of the face that clutch 250 remains energized.

Whenever the digging elements encounter an
abnormal resistance in the face, the reaction
will be transmitted backward through the gear-
ing to cause control gear 253a to be shifted to
its right hand limit, against collar 256, where
it will be held so long as the abnormal resistance
in the face prevails. This will energize clutch
258 through switch 359 causing the battering
clutch 247 to go into effect instantaneously to
superimpose a battering load upon that applied
by the main motor 45 to the crank shaft.

Under some conditions of operation it may be
preferable to run the auxiliary motor 289 only
when vibratory load is called for. The arrange-
ment in Fig. 9 may be revised for such operation
merely by eliminating the clutch 258 and con-
necting the switch 259 to energize the auxiliary
motor directly.

While a preferred embodiment of the present
invention has been illustrated and described in
detail, it should be understood that the inven-
tion is not limited to the specific apparatus or
arrangement of parts disclosed.

I claim:

1. In a combined mining and loading machins
for dislodging material directly from a mine face,
mobile frame means; a pair of cooperating dig-
ging elements pivotally mounted on said frame
means for simultaneous swinging movement to-
ward and away from the mine face; drive means
for said digging elements including crank meansg,
linkage means connecting said crank means with
said digging elements for swinging the latter to-
ward and away from the mine face upon rotation
of the crank means, motor means for rotatably
driving said crank means, and battering clutch
means between the motor means and the crank
means effective to impart a series of hammer
blows through the crank means to the digging
clements responsive to a predetermined torgue
exerted on said clutch means by said motoy
means.

2. In a combined mining and loading machine
for dislodging material directly from a mine face,
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mobile frame means; a pair of cooperating dig~
ging elements pivotally mounied on said frame
means for simultaneous swinging movemsnt to-
ward and away from the mine face; drive means
for said digging elements including a l”Oqu‘L“. 5
crank having a pair of crank arms the
age means connecting each of ssid cran‘
with one of said digging elements for swi ﬂm
the two digging elements simulianeously towa‘
nd away from the mine fase ugon rotation of 10
:he crank, a pair of motor units each having
driving connection with said crank to roiatably
drive the latter, each of said driving connections
mcluding 8 battering ciutch ovsrable responsi .
to & predetermined torque applied thersto to 16
impert a seriss of hammeyr blows to the d:ggﬂw
elements through the crank, each of said bat
tering clulches bheing operable independent of
the other to apply a series of hammer blows to
both of said digging arms. 20
3. In & combined mining and loading x
for “ﬂlodgmg maierial dirvecily from a mi ne
mobile frame means; a pair of ccuoeratmg
ging elements pivotally mounted on i

=

m

-
£21

means for simultaneous swinging movement 'Ji‘;“
drive means
1

ward and away irom the mine fac 285
for said digging elsments ingl
crank having a pair of
thereon, linkage means conne
arin to one of said digging 51 ¥
tion intermediate the pivoi p
end of said element for swin
ments about their respectiv
away from the mine face re 5]
of the crank; motor means for rota
and impaci-~ generati )

PO
ooen

the crank;
tween said metor means and szid

menis effective to apply a series cf
to =ald digging elemsents responsi
termined reaction keitwesn the dig
and the face.

4. In & combined mining and loading machine
for dislodging material directly f, om & mine face,

a pair ¢ cooperating poinied gmg, arms piv-
otally mounted on moebile 1 means or 43
simultaneous swinging movement toward ths

mine face; motor mesns; a3 movable member
connected intermediate said *nouo*" means and
c2id arms for swingably 6 riv 71?"3 the latter si
neously toward the mins fzce Gpon movement
in one direction by said rfo mesns; and -
pact-generating means batween said rﬁotcv
weans and said m’cc—umea‘aw member
to apply o series of hammer i
taneous dimed ssquer
thirough sald mova
tate advance of the pm;
the mine face.

5. In & combined mining snd
for disloa ing nmtewsl dxrewzy ¥

”

i‘ﬂ.‘

a
<

gmg wemenus pwotsﬂ_hr movnvcd 0(1 "
means for simultaneous swinging moves
ward ahd away from the mine face
for saild digging eL,munt.s.
grank means having a cra

dirginc‘ ele ‘ncn' nd hn";ﬁ =

ment for swinging s Wﬂ
toward and away from the mine fac

to rotation of the erank means, motor
driving said crank means; and impacht-gensrat-
ing means between said motor means and said
digging elements effective to apply o series
of hammer blows to said digging clements while

14
the latter are being swung forward against the
faces.

6. In a combined mining and loading machine
Tor dislodging material divectly from a mine face;
mobile frame means; o pair of cooperating dig-
ging elements pivotally mounted on said frame
means for simulianeous swinging movement to-
ward and away from the mine fage; drive means
for said digging elements including crank means,
linkage means connecting said crank means With
seid digging elements for swinging the latter
toward and away from the mine face upon rcta-
tion of the crank means, a pair of motor means
for rotatably driving said crank means; and in-
dividual impact~-gensrating means between each
of said motor means and s2id erank means be-
ing individually effective to apply & series of ham-~

ner blows to said digging elemsnts through said
c_f‘?m: means.
7. In 8 combined miring and loading machine

f r dislodging material directly from 2 mine face;
mobile frame means including & main frame hav-
m:, an extensible frame reciprocably mounted

thereon; a pair of cooperating digging elements
pivotally mounted on said extensible frame for
simultaneous swinging movement toward and
away from the mine face; drive means for said
digging elements including rotatable eccentric
'me:ms linkage means pivotally connected be-
tw said eccentric meauns and said digging ele-
for swinging the latter toward and away
h mine face responsive to rotation of said
cens, motor means for rotating said

and impact-generating means

3

eccentric means;
be’"veep said moter means and said digging ele-~
ing cﬁacuwc to apply a series of ham-
7s to sald digging elements responsive
stermined abnormal resisiance exerted
.,aad. elerments by said mine face.

8. In g combined mining and loading machine
Tor dislodging material directly from a mine
face; mobile frame means; a pair of cooperating

digging elements pivotally mounted on said
-*mme means for simultanecus owzwmg move-

wient toward and away from the mine face;
dmve means ;ov qaﬁ cuggln eleme L‘.: including
rotatable escer ewnq llnk age me ns be-

2
tween said eccentric r 15 and digging elements

:ging the latte 1 teward aud away from
mine face responsive to robtstion of said
entric means, a pair of motor means for rotat-
1id eccentric meams; ang individual batter-
.m :me&"s between each of said motor
i ecmntric means sald batiering

for swi
the

¢ to inpart a series
m&@r bl 7 different frequencies,
gﬁl'oagh the ecrcnt'*“ means o the digging eie

mmw res Domlv redeterinined torgue ex~
ns ky its corresponding
zzm'&:nr m ans

9. }’n '1
for

oading machine
fO“?l 2 mine

ho ov ment
dmr e me
Oinv elcmﬂnts bov
ing a motor, s driving conne ‘{wceﬂ said
tor and sald elements, said connection includ-
> means automatically operable in respnonse to
a pr'—-dg"ermiu abnormal resistance exerted
t said elemsnts by said mine face for stor-
i nergy from ssid motor and releasing it
repetbitively in hammer blows applied to said ele-
menus o overcceme said abnormal resistance.
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10. In a combined mining and loading machine
for dislodging material directly from a mine face,
a pair of pointed cooperating pincer-like dig-
ming elements pivotally mounted on mobile
frame means for simultaneous swinging move-
ment thereof to move their points in an arcuate
path toward and away from one another and
the mine face; drive means for swinging said
elements simultaneously toward one another
while entering said face including means for
applying, in simultaneous timed sequence, a se-
ries of hammer-blows to said digging elements to
facilitate straight-line advance of the mobile
frame means into the mine face.

11. In a combined mining and loading machine
for dislodging material directly from a mine
face, a pair of pointed cooperating pincer-like
digging elements pivotally mounted on mobile
frame means for simultanecus swinging move-
ment thereof to move their points in an arcuate
path toward and away from one another and
the mine face; drive means for swinging said
elements simultaneously toward one another
while entering said face including means auto-
matically operable responsive to a predetermined
reaction between said elements and said face to
apply a series of hammer blows to said elements
for overcoming abnormal resistance to digging.

12. In a combined mining and loading machine
for dislodging material directly from a mine face,
a pair of pointed pincer-like digging elements
pivotally mounted for simultaneous swinging
movement to move their pointed portions in
co-planar arcuate paths toward and away irom
one another and the mine face, main and
auxiliary motor means connected to drive said
elements simultaneously toward one another and
into said face, impact generating means asso-
ciated with said auxiliary motor means effective
at times to apply the power from said auxiliary
motor means to said digging elements in a series
of hammer blows, control means between said
main motor means and said elements actuatable
to one condition responsive to increase of reac-
tion hetween said elements and said face above
a predetermined abnormal value, said control
means being operably associated with said im-
pact generating means to actuate the latter re-
sponsive to change of said control means to its
said one condition, whereby said digging ele-
ments are normally driven by said main motor
means and whereby further, upon rise of said
reaction to its said predetermined value, said
auxiliary motor means will be operable through
said impact generating means to superimpose a
vibratory load on bhoth of said digging elements
to overcome said abnormal reaction.

13. In a combined mining and loading machine
for dislodging material directly from a mine face,
a pair of pointed pincer-like digging elements
pivotally mounted for simultaneous swinging
movement to move their pointed portions in co-
planar arcuate paths toward and away from one
another and the mine face, a first power means
operahly connected to said digging elements to
concurrently drive the latter toward one another
and into the face under conditions of normal re-
action between the elements and the face, a sec~
ond power means including impact generating
means associated with both of said digging cle~
ments for driving the latter into the face under
conditions of abnormal reaction between the ele-
ments and the face, and control means asso-
ciated with said digging elements and said sec-
ond power means and being effective to actuate
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said impact generating means responsive to an
abnormally high reaction between the elements
and face for driving the digging elements in a
vibratory manner to overcome said abnormal
reaction.

14. In a combined mining and loading ma-
chine for dislodging material directly from a
mine face, a pair of pointed pincer-like digging
elements pivotally mounted for simultaneous
swinging movement to move their pointed por-
tions in co-planar arcuate paths toward and away
from one another and the mine face, power means
operably associated with said digging elements
for driving the latter toward one another and
into the face, control means operably associated
with said digging elements and operable fo an
abnormal condition responsive to rise of reac-
tion between said face and said elements above
a predetermined value, and means for modifying
the operation of said driving means, responsive
to change of said control means to its said ab-
normal condition, to apply a series of hammer
bhlows to said face through said digging elements.

15. In a combined mining and loading machine
for dislodging material directly from a mine
face, digging means including a pair of pointed
pincer-like digging elements pivotally mounted
for simultaneous swinging movement to move
their pointed portions in co-planar arcuate paths
toward and away from one another and the mine
face, drive means effective to exert digging pres-
sure against both of said elements, and con-
trol means for said drive means operable respon-~
sive to a predetermined reaction between said
elements and said face to modify the operation
of said drive means to cause the latter to apply
a series of hammer blows to said elements for
overcoming abnormal resistance to digging.

16, In 2 combined mining and loading machine
for dislodging material directly from a mine face,
mobile frame means; a pair of cooperating dig-
ging elements pivotally mounted on said frame
means for simultaneous swinging movement to-
ward and away from the mine face; drive means
for said digging elements including eccenfric
means, linkage means connecting said eccen-
tric means with said digging elements for swing-
ing the latter toward and away from the mine
face upon rotation of the eccentric means, motor
means for rotatably driving said eccentric means,
and battering clutch means between the motor
means and the eccentric means effective to im-
part a series of hammer blows through the ec-
centric means to the digging elements respon-
sive to a predetermined torque exerted on said
clutch means by said motor means.

17. In a combined mining and loading machine
for dislodging material directly from 2 mine face,
a pair of pointed cooperating pincer-like digging
elements pivotally mounted on mobile frame
means for swinging movement toward and away
from one another and the mine face; and drive
means for swinging said elements toward one
another while entering said face including means
for applying a pulsating force to each of said
elements in a direction to press it into the face.

18. In a combined mining and leading machine
for dislodging material directly from a mine face,
a pair of pointed cooperating pincer-like digging
elements pivotally mounted on mobile frame
means for swinging movement toward and away
from one another and the mine face; means in-
terconnecting said arms for simultaneous forward
and backward movement relative to the face; and
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drive means for swinging said elements toward
one another while entering said fsee including
means for applying a pulsating force toc each

the face.

Number
1,234,912
1,389,421
1,508,634
1,563,153

of said elements in & direction to press it into
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