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The instant invention relates to continuous mining ma 
chines for the mining of coal, which are adapted to be con 
tinuously advanced into the mine face to remove the coal 
therefrom, and which include conveying means to carry 
the mined material away from the mine face and to dis 
charge the same at the rear of the machine, to permit the 
continuous advance of the mining machine into the face. 
More particularly the instant invention relates to a con 
tinuous mining machine in which there is provided a 
system for sensing the advance of the mining machine 
into the selected material in the mine face, which is the 
coal, and the mining machine includes a control system 
for operating the mining machine from a position that is 
remotely located with respect to the mine face and the 
mining machine, the remote control system including the 
sensing system, and the mining machine being operated 
from the remote location in accordance with the signals 
which indicate the course of advance of the mining ma 
chine into the selected material. 

It is a prime object of this invention to provide a con 
tinuous mining machine provided with a control system for 
the operation of the mining machine from a position that 
is spaced with respect to the mine face and the mining 
machine. 

It is still another object of the instant invention to pro 
vide a continuous mining machine which includes hydrau 
lic mechanisms for operating the machine, and hydraulic 
controls for said hydraulic mechanisms in which there is 
provided means for operating said hydraulic controls 
from a position remotely located with respect to the min 
ing machine. 

It is a further object of the instant invention to provide 
a continuous mining machine including a hydraulic sys 
tem for operation of the mining machine, and an elec 
trical control system for operation of the hydraulic system, 
in which the electrical system includes controls which may 
be located at a position remotely disposed with respect to 
the mining machine. 

Other objects of the invention will appear hereinafter, 
the novel features and combinations being set forth in the 
appended claims. 

In the accompanying drawings: 
FIGS. 1A and 1B together are a side elevational view 

of a continuous mining machine embodying the instant 
invention; 

FIGS. 2A and 2B together are a plan view of the con 
tinuous mining machine of FIGS. 1A and 1B: 

FIG. 3 is an elevational view of the continuous mining 
machine showing the mining heads and the hydraulic 
mechanisms for adjusting the same; 
FIG. 4 is a front elevational view of the mining heads 

of the mining machine showing the disposition of the min 
ing devices; 

FIG. 5 is a diagrammatic illustration of the hydraulic 
System for the mining machine of this invention; 

FIGS. 6, 7 and 8 are sectional views of control valves 
of the hydraulic system of FIG. 5; 

FIG. 9 is a sectional view of a conveyor reversing valve 
for the hydraulic system of FIG. 5; 

FIG. 10 is a partial sectional view of a volume control 
valve for the hydraulic system of FIG. 5; 
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2 
FIG. 11 is a sectional view of a four-unit valve for the 

hydraulic system of FIG. 5; 
FIG. 12 is a sectional view of the four-unit valve taken 

on the line 12-12 in FIG. 11; 
FIGS. 13 and 14 are sectional views of the four-unit 

valve showing different positions thereof; 
FIGS. 15A to 15F together form a diagrammatic illus 

tration of the electrical system for the continuous mining 
machine of this invention; 

FIG. 16 is a plan view of the face of the control box 
embodying the electrical controls for the continuous min 
ing machine of this invention; and 

FIG. 17 is a side elevational view of the top of the 
control box shown in F.G. 15. 
The instant invention relates to continuous mining ma 

chines, particularly such as are adapted to be used in the 
mining of coal in underground operations, or in other min 
ing operations in which the mining machine is adapted to 
be advanced into the ground. Customarily the controls 
for Such machines are placed at an operator's station at 
the side of the machine, and the operator of the machine 
accompanies it as it advances into the mine face, it being 
understood that it is a characteristic mode of operation 
of such a continuous mining machine that it forms a room 
tor tunnel in the mine as it advances into the mine face, 
which room or tunnel is generally of greater dimension 
than the overall transverse dimensions of the machine, 
thereby providing room for the operator, and also pro 
viding room for backing the machine out of the room or 
tunnel and permitting it to be maneuvered into position 
to advance into another mine face. 

It is recognized that there are certain dangers inherent 
in coal mining operations. It is accordingly customary 
to follow prescribed procedures for insuring the safety of 
those engaged in the coal mining operation. The inherent 
dangers connected with the mining of the coal are further 
reduced by the provision of apparatus for removing the 
coal from the mine face without requiring the proximate 
presence of a machine operator at the machine. In ac 
cordance with the instant invention there is provided a 
continuous mining machine which is adapted for coal 
mining operations, and which includes a sensing system 
for Sensing the material in the mine face and providing 
signals indicating the course of advance of the mining 
machine relative to the location of the coal in the mine 
face, so that the course of advance of the mining machine 
may be guided accordingly, to keep the mining machine in 
the coal seam. The continuous mining machine of this 
invention further includes a control system in which the 
Sensing devices provide signals at a position remotely 
located with respect to the mining machine that indicate 
the advance of the mining machine, and controls at that 
remote position by which the mining machine may be 
operated. 

Referring to the drawings, FIGS. 1-4, there is illustrated 
therein a continuous mining machine 30 embodying the 
instant invention, and comprising a main frame 31 sup 
ported on a pair of endless crawler traction treads 32, 
33 disposed at opposite sides of the main frame 31. The 
continuous mining machine 30 is propelled in forward or 
reverse directions by the crawler traction treads 32, 33, 
and may be steered by operating the crawler traction 
treads 32, 33 at different speeds. The crawler traction 
treads 32, 33 are operated by individual hydraulic motors 
34, 35, respectively, which are supported in the main frame 
31. An identical mechanical drive extends between each 
of the hydraulic motors 34, 35 and the respective crawler 
traction treads 32, 33 for driving the latter. The drives to 
the crawler traction treads 32, 33 each comprises a pinion 
36 driven by a hydraulic motor 34, 35 and driving a gear 
37 which, in turn, drives a worm and worm wheel38, 
the latter driving a pinion 39 which drives gear 40 that is 
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co-axially mounted on a shaft with a drive sprocket 41 
that is engaged with a crawler traction tread 32, 33 to 
drive the latter. The operation of each of the hydraulic 
motors 34, 35 may be reversed for driving the crawler 
traction treads 32, 33 in reverse, as when backing the con 
tinuous mining machine 30 away from a mine face. Also, 
the rate of delivery of hydraulic fluid to each of the motors 
34, 35 may be independently varied to drive the crawler 
traction treads 32, 33 at different speeds for steering the 
continuous mining machine 30. 
At the forward end of the continuous mining machine 

30 there is a forwardly extending support 45 that is pivot 
ally mounted on the main frame 3 on laterally extend 
ing pins 46. The support 45 extends forwardly from the 
main frame 31 along the floor 47 of the mine, with the sup 
port 45 being inclined downwardly in a forward direc 
tion, as best seen in FIG. 3. 
The support 45 carries a lower mining head 48 and an 

upper mining head 49, which are disposed in substantial 
vertical alignment one above the other. The lower min 
ing head 48 is pivotally connected to the support 45 by 
laterally extending pins 58. The upper mining head 49 
is supported on the lower head 48 and includes depending 
guides 51 at the opposite sides thereof, which are engaged 
with tracks 52 on the lower mining head 48 for guiding 
the movement of the upper mining head 49 upwardly and 
downwardly relatively to the lower mining head 48. 
A double acting hydraulic cylinder and piston mech 

anism 55 is connected between the main frame 31 and the 
support 45 and is operative to raise and lower the support 
45 by swinging the same upwardly and downwardly on the 
pivot pins 46. A double acting cylinder and piston mech 
anism 56 is connected between the main frame 31 and the 
lower mining head 48, and by operation of the cylinder 
and piston mechanism 56 the lower mining head 48, as well 
as the upper mining head 49 which is supported on the 
lower mining head 48, are tilted forwardly and rearward 
ly on the axis of the pivot pins 50. A third cylinder and 
piston mechanism 57 is connected between the lower min 
ing head 48 and the upper mining head 49, for raising 
and lowering the latter relatively to the lower mining 
head 48. 
The lower mining head 48 comprises a gear box 58 

that extends laterally across the forward end of the con 
tinuous mining machine 30. A plurality of transversely 
aligned shafts 59 extend forwardly from the gear box 58, 
there being five shafts 59 in the disclosed embodiment of 
the invention. A radially extending cutter arm 60 is se 
cured to each shaft 59. Each cutter arm 60 comprises in 
tegral bit holders 61, each of which is adapted to receive 
a plurality of forwardly extending bits 62. Within the 
gear box 58 there is enclosed a train of gears for rotating 
all the shafts 59 simultaneously, and in timed relation to 
each other. As seen in FIG. 4, the cutter arms 60 have 
different circumferential positions. The two cutter arms 
60 at the left side and the cutter arm 60 at the center of 
the mining head 48, as seen in FIG. 4, are rotated in a 
counterclockwise direction, while the two cutter arms 60 
at the right side of the mining head 48 are rotated in a 
clockwise direction. The cutter arms 60 are each rotated 
at the same speed, and are disposed in different selected 
circumferential positions so that there is no interference 
of the cutter arms 60 with each other during the simul 
taneous rotation thereof. 
The upper mining head 49 includes a gear box 63, which 

also encloses a gear train for rotating a plurality of trans 
versely aligned shafts 64 that project forwardly from the 
front of the gear box 63. In the illustrated embodiment 
of the invention the upper mining head 49 is provided 
with ten shafts 64, each of which has secured thereto a 
radially extending cutter arm 65. Each cutter arm 65 in 
cludes integral bit holders 66 for the reception of for 
wardly extending mining bits 67. The five cutter arms 65 
at the left side of the upper mining head 49, as viewed in 
FIG. 4, are rotated in a counterclockwise direction, and 
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4. 
the five cutter arms 65 at the right side of the upper min 
ing head 49 are rotated in a clockwise direction. All 
of the cutter arms 65 are rotated simultaneously at the 
same speed by the gears within the gear box 63, and are 
placed in different circumferential positions on the respec 
tive shafts 64, to avoid any interference between the cut 
ter arms 65 during the simultaneous rotations thereof. 
As illustrated in FIG. 4, the upper mining head 49 is 

separated or raised with respect to the lower mining head 
48, for mining a maximum height of material from the 
mine face. The cutter arms 60, 65 on the respective min 
ing heads 48, 49 each operate in circular paths which are 
overlapping. The cutter arms 60, 65 are advanced into 
the mine face by the operation of the crawler traction 
treads 32, 33 advancing the whole mining machine 30 
forwardly. As the mining bits 62, 67 are brought into 
the mine face, these bits operate to cut and break the 
material out of the mine face. The circular paths of the 
cutter arms 60, 65 cumulatively define a mine face area 
from which material is removed in the mining operation. 
As seen in FIGS. 2 and 4, the laterally outermost cutter 
arms 60a, 60b, 65a, 65b at each side of the mining ma 
chine 30, extend laterally beyond the maximum lateral 
dimension of the mining machine 30, whereby there is 
produced as result of the mining operation a room or 
tunnel which is wider than the mining machine 30. Each 
of the cutter arms 60, 65 is an eccentric element extend 
ing to only one side of its shaft 59, 64, respectively, where 
by upon rotation of the cutter arms 60, 65, the laterally 
outermost cutter arms 60a, 60b, 65a, 65b may be with 
drawn from the sides of the tunnel or mine room, and 
disposed in positions lying within the transverse dimen 
sions of the mining machine 38. The cutter arms 60a, 
60b, 65a, 65b thus being moved to positions out of con 
tact with the side walls of the mine room or tunnel, it 
is possible to freely maneuver the mining machine 30. 
The forward end of the support 45 includes a trans 

versely extending blade 70 which is adapted to be dis 
posed on the floor 47 of the mine behind the lower cutter 
arms 66. Since the cutter arms 60 operate in circular 
paths, they form cusps of material in the mine floor 47, 
and the blade 70 operating behind the cutter arm 60 re 
moves these cusps from the floor 47, leaving the latter 
relatively smooth and level for the advance of the crawler 
traction treads 32, 33 thereover. 
The forward end of the main frame 41 supports a pair 

of electric motors 7, 72 for driving the lower mining 
head 48 and the upper mining head 49, respectively. The 
drive from the motors 71, 72 is delivered to a gear case 
73 which combines the power of the motors 71, 72. A 
universal jointed drive shaft 74 extends from the gear. 
case 73 to the lower mining head 48, and a second uni 
versal jointed drive shaft 75 extends from the gear case 
73 to the upper mining head 49. The drive shafts 74, 
75 each include telescoping sections to permit adjustment 
of the mining heads 48, 49 as previously described. 
The support 45 also carries one end of an endless chain 

conveyor 78, which is guided around an idler sprocket 
assembly 79 at the forward end of the support 46. The 
conveyor 78 extends rearwardly from the forward end of 
the support 45, through the main frame 31 of the mining 
machine 30, as best seen in FIG. 1, and terminates at the 
rear end of the mining machine 30, at which point the 
conveyor 78 discharges the mined material. The con 
veyor 78 comprises two individual chain conveyors ar 
ranged side by side and each including oppositely disposed 
endless drive chains 89, to the links of which there 
are secured a plurality of transversely extending flights 
8a, which are adapted to sweep the mined material over 
the bed, 82 of the conveyor 78. The endless chain con 
veyor 78 is driven by a hydraulic motor 83 driving gears 
34 which, in turn, drive a dual sprocket 85 that is con 
nected by a chain drive 86 to dual sprockets 87, which are 
coaxially mounted on the driven shaft 88 with chain 
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driving sprockets 89 that are engaged with the chains 80 
for driving the latter. 
The rotation of the cutter arms 65 of the upper mining 

head 49 is in such directions as to sweep the mined ma 
terial towards the center of the mining machine 30. Simi 
larly, the direction of rotation of the two outer cutter arms 
60 at each end of the lower mining head 48 is in such 
directions as to sweep the mined material in towards the 
center of the mining machine 30. As the cutter arms 60, 
65 are advanced into the mine face, the blade 70 works 
along the mine floor to remove the cusps left between the 
cutter arms 60, and also works its way into the material 
mined by the cutter arms 60, 65 to guide this material 
upwardly onto the support 45 to be received by the con 
veyor 78 and to be carried rearwardly thereby to the rear 
end of the mining machine 30 for discharge of the mined 
material therefrom. Since the mined material is carried 
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away from the area of the mine face as it is mined, the ad 
vance of the cutter arm 60, 65 is not impeded and the 
mining operation may be carried on continuously. At 
each side of the lower mining head 48 there is provided 
a pivoted gathering guide 90, which also works to crowd 
the mined material in towards the center of the mining 
machine 30, to be received by the conveyor 78 for carry 
ing this material away from the mine face. 

It is a characteristic of coal that it is found in the ground 
in seams which lie in relatively level planes. The coal 
may vary in thickness within a given seam, and the seam 
may rise and descend within the ground. Therefore it is 
customary for the operator of a continuous mining ma 
chine to view the face of the mine in which the mining 
machine is working to thereby visually determine wheth 
er the mining machine is following the coal seam. The 
mining heads 48, 49 are adjustable in a vertical direction 
relatively to each other for the purpose of adjusting to 
varying heights of coal in the coal seam. Thus where 
the coal seam is found to increase or decrease in height, 
the upper mining head 49 is elevated or lowered by means 
of the heads separating cylinder and piston mechanism 
57, so that the vertical reach of the cutter arms 60, 65 
is substantially equal to the height of the coal seam in 
which the machine is working. When the coal seam is 
found to drift upwardly or downwardly, the mining heads 
48, 49 can be tilted either forwardly to operate the mining 
machine in a descending path, or the mining heads 48, 
49 can be tilted backwardly to follow the coal seam in an 
ascending path, the tilting of the mining heads 48, 49 
being accomplished by use of the tilting cylinder and 
piston mechanism 56. As a further adjustment in fol 
lowing the ascending or descending path of the coal seam, 
the Support 45 and the mining heads 48, 49 carried there 
by, can be raised by means of the raise cylinder and pis 
ton mechanism 55. 
Above and below the coal seam there is generally found 

material which is relatively harder than the coal, such as 
rock or shale. Ideally, it is desired that the cutter arms 
60, 65 do not enter the relatively harder material which is 
found above and below the coal seam, for the reason that 
this material is waste as far as the coal mining operation 
is concerned, and any such material removed from the 
mine face with the coal must later be separated from the 
coal product. Also the operation of the cutter arms 60, 
65 in material that is relatively harder than coal produces 
excessive wear on the mining bits 62, 67, thereby severely 
reducing the life thereof, and making necessary more fre 
quent replacement of the bits, which of course interrupts 
the mining operation and is therefore undesirable. 

With the continuous mining machine 30 embodying the 
instant invention it is intended to make unnecessary visual 
observation of the mine face, and for this purpose the cut 
ter arms 60, 65 include sensing means for the purpose of 
sensing the course of advance of the mining machine, 
and more particularly the advance of the mining bits 62, 
67 of the cutter arms 60, 65, respectively, into material 
that is relatively harder than the coal. The sensing means 
is included in a signaling system so constructed that it 
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provides signals at a location remote from the mining face 
indicating the advance of the mining machine into mate 
rial that is relatively harder than the coal. These sig 
nals are provided continuously during the operation of the 
cutter arms 60, 65 at a remotely located station at which 
all the controls for the mining machine 30 are located, as 
will be described in greater detail hereinafter, thereby 
making it unnecessary for the machine operator to take a 
position immediately adjacent the mining machine when 
the signals provided by the signaling system indicate that 
the mining machine is advancing into material relatively 
harder than coal, the mining heads 48, 49 are adjusted as 
previously described to move the mining bits 62, 67 back 
into the coal seam, such adjustment being made in accord 
ance with the signals of the signaling system. Similarly, 
the limits of the coal seam may be located by adjustment 
of the mining heads 48, 49. During such exploratory ad 
justment the signaling system will indicate the entry of 
the mining bits 62, 67 into material other than coal, where 
upon the mining heads 48, 49 may be adjusted back to just 
clear the material other than coal, and the mining opera 
tion will proceed with only the removal of coal from the 
mine face. 
As seen in FIG. 4, the cutter arms 60, 65 remove mate 

rial from a determinate area 91 of the mine face, which 
is defined by the cumulative rotary sweep of the several 
cutter arms 60, 65 in the lower and upper rows of cutter 
arms respectively. The limits of the determinate area 91 
of the mine face from which the material is removed are 
defined by the two outermost lower cutter arms 60a, 60b 
of the lower mining head 48, and by the two outermost 
cutter arms 65a, 65b of the upper mining head 49. Con 
sidering that the coal is found in laterally extending seams 
which are of a fairly regular nature, it is sufficient in sens 
ing the location of the coal seam to perform this sensing 
function at the limits of the determinate mine face area 
91 from which the coal is removed by the cutter arms 60, 
65. Accordingly, the sensing devices are incorporated in 
each of the cutter arms 60a, 60b, 65a, 65b. Since it is 
merely necessary to sense the material of the mine face 
at the limits of the determinate area 91 of the mine face 
from which the coal is removed, the sensing devices in the 
cutter arms 60a, 60b, 65a, 65b each operates in a quadrant 
which is coextensive with a corner of the determinate mine 
face area 91 defined by the cumulative sweep of all the 
cutter arms 60, 65. 

In the operation of the continuous mining machine 30 
embodying the Sensing devices in the several cutter arms, 
if the cutter arm 65a senses material other than coal in 
the mine roof, the upper cutter head 49 can be lowered 
relatively to the lower cutting head 48 to thereby get be 
low the relatively harder material, so that the mining 
machine in its continued operation will be operating solely 
in coal. Upon continued operation of the mining ma 
chine it may be found that the disposition of the relatively 
harder material in the roof of the mine indicates that the 
coal Seam is drifting downwardly, which will call for a 
forward tilting of the mining heads 48, 49 to operate the 
mining machine in a descending path. Depending on the 
location of the coal seam as determined by the several 
Sensing devices, it may be found that a further adjustment 
is needed to lower the support 45 and the blade 70 to 
follow the downward drift of the coal seam for the purpose 
E removing the maximum height of coal from the mine 
aCC. 

During operation of the mining machine 30, where 
the Sensing devices in either the cutter arms 60a, 60b or 
the cutter arms 65a, 65b do not provide any signals indi 
cating the presence of material harder than the coal 
below or above the coal seam, the mining heads 48, 49 
and the blade 70 may be adjusted upwardly and down 
Wardly until there are produced signals indicating the 
location of the relatively harder material, following which 
the mining heads 48, 49 and the blade 70 may be further 
adjusted to clear the relatively harder material, and to 
remove the maximum height of coal from the mine face. 
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Since the signaling system continuously provides signals 
to the operator at the control station for the mining ma 
chine, it is a relatively simple matter for him to make 
adjustments of the mining mechanisms of the machine 
as described hereinabove, directed to the purpose of re 
moving the maximum amount of coal from the mine face. 
The continuous mining machine 30 is operated and 

controlled by various hydraulic mechanisms diagram 
matically illustrated in FIG. 5, which shows the hydraulic 
circuits for the machine. The hydraulic system includes 
a hydraulic head pump 160 which supplies the hydraulic 
fluid under pressure for operating the cylinder and piston 
mechanism 55 for raising the mining heads 48, 49, the 
cylinder and piston mechanism 56 for tilting the mining 
heads 48, 49, and the cylinder and piston mechanism 57 
for separating the mining heads 48, 49 by elevation of 
the mining head 49 relatively to the mining head 48. The 
hydraulic pump 160 also supplies hydraulic fluid under 
pressure for operating various controls in the hydraulic 
system illustrated in FIG. 5, as will be described in greater 
detail hereinafter. Another hydraulic pump 161 Sup 
plies hydraulic fluid under pressure for operating the hy 
draulic traction motors 34, 35 which drive the crawler 
traction treads 32, 33, respectively. A third hydraulic 
pump 162 supplies hydraulic fluid under pressure for 
driving the hydraulic motor 83 which operates the con 
veyor 78. By the use of certain controls in the hydraulic 
system the hydraulic fluid supplied under pressure by the 
hydraulic pump 162 can be combined with the hydraulic 
fluid supplied to the hydraulic traction motors 34, 35 for 
driving the latter at high speed when the mining machine 
is being trammed other than in a mining operation. When 
the hydraulic pump 162 is so used it does not Supply any 
hydraulic fluid to the hydraulic conveyor motor 83. As 
seen in FIG. 2B, each of the hydraulic pumps 60, 61, 
162 is mechanically connected to a gear housing 163, 
which encloses a train of gears for transmitting driving 
power to the several hydraulic pumps from an electrical 
motor 164, which drives the gear train in the gear housing 
163 and supplies power thereto. 
The hydraulic pump 160 supplies hydraulic fluid under 

pressure through a pressure relief valve 165 to a bank 
of three solenoid controlled, pilot operated control valves 
166, 167, 168. The control valve 166 is connected to the 
cylinder and piston mechanism 55 for raising the mining 
heads 48, 49, the control valve 167 is connected to the 
cylinder and piston mechanism 56 for tilting the mining 
heads 48, 49, and the control valve 168 is connected to the 
cylinder and piston mechanism 57 for separating the min 
ing heads 48, 49. 
The solenoid controlled, pilot operated control valves 

166, 167, 168 are identical, and control valve 166 is illus 
trated in detail in FIG. 6, by way of example. The con 
trol valve 166 comprises a solenoid controlled pilot valve 
169 mounted on top of the main control valve 70. The 
pilot valve 169 comprises solenoids 171, 172 disposed in 
the opposite ends of the valve 169. The solenoids 171, 
172 include armatures 173, 174, respectively, which ex 
tend from the solenoids 7, 172 towards the valve spool 
175 that is centrally disposed in the valve body 76. The 
armatures 173, 174 abut the opposite ends of the valve 
spool 175, and reciprocate the latter, upon energization 
of one or the other of the solenoids 171, 172, by recipro 
cation of the corresponding one of the armatures 173, 174. 
The valve body 176 includes a pressure port 77, which 
is centrally located in the valve body, and is closed by 
the valve spool 175 when neither of the solenoids 171, 72 
is energized, and the valve spool 75 is in its centered 
position. Each of the opposite ends of the valve Spool 
175 has secured thereto a spring guide 78 for a con 
pression spring 179. The compression springs 179 act 
through the spring guides 178 to maintain the valve Spool 
175 in its centered position when the solenoids 17, 72 
are not energized. 
Upon energization of the solenoid 17 the valve Spool 
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575 is reciprocated to the right, as viewed in FIG. 6, 
whereby the pressure port 177 is connected to the flow 
port 180. The valve spool 175 also closes the tank port 
18 with respect to the flow port 180. In this position of 
the valve spool 175 the pressure port 177 is closed with 
respect to the flow port 182, and the latter is connected 
to the tank port 183. Thus, with the solenoid 171 ener 
gized, the flow of hydraulic fluid is from the pressure port 
177 through the flow port 180 into the main control valve 
170, in which the fluid thus applied acts on the piston end 
185 of the valve spool 186, thereby reciprocating the 
latter to the left, as viewed in FIG. 6. The piston end 
187 of the valve spool 86 forces the hydraulic fluid out 
through the flow port 182 and through the pilot valve 69 
to the tank port 83. 
When the solenoid 172 is energized, the valve spool 

175 is reciprocated to the left, as viewed in FIG. 6, there 
by connecting the pressure port 177 to the flow port 182 
for supplying hydraulic fluid under pressure to the piston 
end 187 of the valve spool 86 to reciprocate the latter to 
the right, as viewed in FIG. 6. The piston end 185 of the 
valve spool 186 forces the hydraulic fluid out of the main 
control valve 70 through the flow port 180 and out the 
tank port 81. 
The piston ends E85, 187 of the valve spool 186 each 

acts as a spring guide for a compression spring 188, which 
maintain the valve spool 186 in a centered position within 
the main control valve 170 when there is no hydraulic 
fiuid acting on either of the pistons 185, 87. The main 
control valve 170 includes a pressure port 189 through 
which hydraulic fluid under pressure is admitted to the 
main control valve 70, and a tank port 190 through which 
hydraulic fluid is exhausted from the control valve 170. 
The valve spool 186 includes an axially extending central 
bore 19a, and a plurality of radial ports 192 communicat 
ing with the bore 191. The radial ports 192 are located 
in the region of the pressure port 189. In the region of 
the tank port 190 the valve spool is similarly formed with 
a plurality of radial ports 193 that communicate with the 
axial bore 191. With the valve spool in its centered posi 
tion, as illustrated in FIG. 6, the hydraulic fluid flows 
from the pressure port 189, through the radial ports 192, 
into the axial bore 91, and out through the radial ports 
193 and the tank port 190, for exhausting of the hydraulic 
fiuid from the main control valve 170. 
Upon energization of the solenoid 71 the operation of 

the pilot valve 169 is as previously described to recipro 
cate the valve spool 186 to the left, whereby the radial 
ports 193 are sealed from the tank port 190. The radial 
ports 192 maintain communication with the pressure port 
189, and the hydraulic fluid flows through the axial bore 
191 to the radial ports 194, which are in communication 
with the flow port 195 that is connected by a hydraulic 
line 196 to one end of the cylinder and piston mechanisms 
55 to supply hydraulic fluid under pressure to the latter 
for operation thereof. 
When the solenoid 172 is energized the operation of the 

pilot valve 169 is as above described to reciprocate the 
valve spool 186 to the right, as seen in FIG. 6, whereby 
the tank port 190 is sealed from the pressure port 189, 
and the iatter is directly connected to the flow port 197 
for the flow of hydraulic fluid from the pressure port 189 
around the valve spool 386 to the flow port 97. Hy 
draulic fluid under pressure is supplied from the flow port 
197 to the cylinder and piston mechanisms 55 through a 
hydraulic line 198, for operating the cylinder and piston 
mechanisms 55 by reciprocation thereof. 

Each of the cylinder and piston mechanisms 55 is 
double acting, and when hydraulic fluid is delivered to 
the cylinder and piston mechanisms 55 through the 
hydraulic line 196, hydraulic fluid is exhausted from the 
opposite end of the cylinder and piston mechanisms 55 
through the hydraulic line (98. The exhausted hydrau 
lic fluid is returned to the control valve 70 through flow 
port 97 which is in direct communication with the tank 
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port 190, and the exhausted hydraulic fluid flows from 
the flow port 197 around the valve spool 186 and out 
through the tank port 190. 
When hydraulic fluid under pressure is delivered 

through hydraulic line 198 to one end of the cylinder 
and piston mechanisms 55, hydraulic fluid exhausts from 
the other end of the cylinder and piston mechanisms 55 
through hydraulic line 196 and enters the control valve 
170 through flow port 195. The flow port 195 is in 
communication with the tank port 190 through radial 
ports 192, axial bore 191 and radial ports 193, whereby 
the exhausted hydraulic fluid flows from the flow port 
195 to the tank port 90 and is exhausted from the con 
trol valve 170. 
The hydraulic line 196 includes a check valve 199 

which permits the free flow of hydraulic fluid through 
the line 196 to the cylinder and piston mechanisms 55, 
but normally prevents return flow of hydraulic fluid 
through the line 196, so that the cylinder and piston 
mechanisms 55 will maintain their adjusted positions. 
The line 198 is open so that hydraulic fluid can be freely 
exhausted from the cylinder and piston mechanisms 55 
through this line. When hydraulic fluid is delivered 
under pressure to the cylinder and piston mechanisms 55 
through the line 198, this hydraulic fluid under pressure 
is also communicated through the pilot line 200 to a 
pilot 20 which operates to open the check valve 99, 
to permit the exhaust of hydraulic fluid from the cylin 
der and piston mechanisms 55 through the hydraulic line 
196. The pilot 201 includes a return spring 201' for 
restoring pilot 201 and closing check valve 199. 
The solenoid controlled, pilot operated control valves 

166, 167, 168 are connected in series, the tank port of 
the valve i66 being connected to the pressure port of 
the valve 167, and the latter is similarly connected to 
the valve i68. Since the pressure port 89 in the control 
valve 170 of the solenoid controlled, pilot operated con 
trol valve 166 is connected to the tank port 190 when 
neither solenoid 171, 172 is energized, there is a free flow 
of fluid through the valve 166 to the valve 167, and the 
same is true as to the flow of hydraulic fluid through 
the valves 167, 168 when either of the solenoids of these 
valves is energized. Thus it is seen that any one of the 
solenoid controlled, pilot operated control valves 166, 
167, 68 may be individually operated to adjust the 
cylinder and piston mechanisms 55, 56, 57, respectively. 
The hydraulic circuit connecting the control valves i67, 
168 to the cylinder and piston mechanisms 56, 57, re 
spectively, is the same as that connecting the control 
valve 166 to the cylinder and piston mechanisms 55, and 
operate in the same manner. 
The tank port of the solenoid controlled, pilot oper 

ated control valve 168 is connected to a hydraulic line 
202 which delivers hydraulic fluid under pressure to a 
solenoid controlled pilot valve 203. The pressure of 
the hydraulic fluid in the hydraulic line 202 is less than 
the pressure of the hydraulic fluid delivered to the control 
valves 166, 167, 168, and is maintained at the lower value 
by the pressure relief valve 204. 
The solenoid controlled pilot valve 203 is illustrated 

in detail in FIG. 7, and comprises solenoids 205, 206 
disposed at the opposite ends of the valve 203. The 
solenoids 205, 206 have armatures 207, 208, respectively, 
which extend towards each other into the valve body 
209, and abut the opposite ends of the valve spool 210. 
Each end of the valve spool 210 includes a spring guide 
211 for a compression spring 212 that centers the valve 
spool 210 in the valve body 209 when either solenoid 
205, 206 is energized. The valve body 209 includes a 
pressure port 213 which is closed by the valve spool 210 
when the latter is centered in the valve body 209. Upon 
energization of the solenoid 205, the valve spool 210 is 
reciprocated to the right by the armature 207, as viewed 
in FIG. 7, thereby connecting the pressure port 213 to 
the flow port 214, whereby the hydraulic fluid will flow 
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from the pressure port 213 to the flow port 214. Upon 
energization of the solenoid 206, the valve spool 210 
is reciprocated to the left, as viewed in FIG. 7, by the 
armature 208, thereby connecting the pressure port 213 
to the flow port 215, and flow of the hydraulic fluid will 
be from the pressure port 2:3 to the flow port 215. The 
valve body 209 also includes tank ports 26, 217, and 
when the pressure port 213 is connected to the flow port 
24, the flow port 215 is connected to the tank port 217, 
and the tank port 216 is closed by the valve spool 210. 
Similarly, when the pressure port 213 is connected to 
the flow port 2:15, the flow port 2:4 is connected to the 
tank port 216, and the tank port 217 is closed by the valve 
spool 210. 
The solenoid controlled pilot valve 203 controls and 

operates a double acting pilot 220 by the selective deliv 
ery of hydraulic fluid to the latter from either of flow 
ports 24, 25. When hydraulic fluid under pressure is 
delivered from one of flow ports 214, 215 to the double 
acting pilot 220, the other of said flow ports 24, 215 
receives the hydraulic fluid which is exhausted from the 
pilot 220, and this exhausted hydraulic fluid leaves the 
valve body 209 through a corresponding one of tank 
ports 216, 27. 
A manifold hydraulic line 22a delivers hydraulic fluid 

under pressure to solenoid controlled pilot valve 222 
which is identical to the solenoid controlled pilot valve 
203. A manifold tank line 219 connects pilot valves 203, 
222 to the tank. The pilot valve 222 operates a double 
acting pilot 223 in the same manner as the pilot valve 203 
operates the pilot 220. The pilot 220 is connected to a 
reversing valve 224 and the pilot 223 is connected to a 
similar reversing valve 225. The reversing valves 224, 
225 are oppositely disposed, but are otherwise identical 
and control the direction of operation of the hydraulic 
traction motors 34, 35, respectively, as will be described 
in greater detail hereafter. 
The manifold hydraulic line 221 also delivers hydraulic 

fluid under pressure to the solenoid controlled pilot valve 
226, which is illustrated in detailed in FIG. 14. The con 
trol valve 226 includes two solenoids 227, 228, which are 
disposed in the opposite ends of the valve 226. The sole 
noids 227, 228 include armatures 229, 330, respectively, 
which extend inwardly towards each other and abut the 
opposite ends of the valve spool 231. Each end of the 
valve spool 231 includes a spring guide 232 for a com 
pression spring 233, which operate to maintain the valve 
Spool 231 centered within the valve body 234. A pres 
Sure port 235 is centrally disposed in the valve body 234, 
and is sealed by the valve spool 23, when it is in its cen 
tered position. The valve body 234 also includes tank 
ports 236, 237 disposed at the opposite sides of the valve 
body 234, and the tank ports 236, 237 are closed by the 
valve spool 231 when the latter is in its centered position. 
Upon energization of the solenoid 227, the valve spool 
231 is reciprocated to the right, as viewed in FIG. 8, by 
the armature 229, thereby connecting the pressure port 
235 to the flow port 238 for flow of hydraulic fluid from 
the pressure port 235 to the flow port 238. The tank port 
237 is sealed and the flow port 239 is connected to the 
tank port 236, and any hydraulic fluid exhausting into the 
flow port 239 is exhausted from the valve body 234 
through the tank port 236. Upon energization of the 
solenoid 228 the valve spool. 231 is reciprocated to the 
left, as viewed in FIG. 8, by the armature 230, whereby 
the pressure port 235 is connected to the flow port 239, 
and the tank port 236 is sealed. The flow port 238 is 
connected to the tank port 237 for the exhaust of hy 
draulic fluid through the flow port 238 and out the tank 
port 237. 
The solenoid controlled pilot valve 226 operates a pair 

of double acting pilots 240, 241 which have common con 
nections to the pilot valve 226. The pilot 240 is mechan 
ically connected to a flow control valve 245, and the pilot 
241 is similarly mechanically connected to a flow control 
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valve 246. The flow control valves 245, 246 are opera 
tive to deliver hydraulic fluid under pressure to the con 
veyor hydraulic motor 83 through a common hydraulic 
line 247, or alternatively, the flow control valves 245, 
246 operate to deliver the hydraulic fluid under pressure 
to the reversing valves 224, 225, respectively, for combin 
ing the hydraulic fluid which is normally delivered to the 
hydraulic conveyor motor 83 with the hydraulic fluid 
delivered to the traction motors 34, 35 for operating the 
latter at a high speed, as when the mining machine 30 is 
trammed during times other than when it is in mining 
operation. 
The hydraulic manifold line 22 also delivers hydrau 

lic fluid under pressure to each of a pair of solenoid con 
trolled pilot valves 250, 251, which are identical to the 
solenoid controlled pilot valve 226. The pilot valve 250 
supplies hydraulic fluid under pressure to a double act 
ing pilot 252, and the pilot valve 251 supplies hydraulic 
fluid under pressure to a double acting pilot 253. The 
pilot 252 operates a volume control valve 278, and the 
pilot 253 operates a volume control valve 277, which 
govern the volume of hydraulic fluid delivered to the re 
versing valves 225, 224, respectively, as will be described 
in greater detail hereinafter. 
The hydraulic manifold line 22 also delivers hydrau 

lic fluid under pressure to a solenoid controlled pilot 
valve 254 which is identical to the solenoid controlled 
pilot valve 203. The pilot valve 254 delivers hydraulic 
fluid under pressure to a conveyor reversing valve 255 
which is operated by the hydraulic fluid. The conveyor 
reversing valve 255 is illustrated in detail in FIG. 9, and 
comprises a spool 256 having a spring guide 257 at each 
end thereof for compression springs 258 that maintain 
the spool 256 normally centered in the valve body 259. 
Hydraulic lines 269, 261 connect the pivot valve 254 to 
the ports 262, 263 in the valve body 259. The hydraulic 
fiuid under pressure supplied by the pilot valve 254 to the 
conveyor reversing valve 255 enters the latter through one 
or the other of ports 262, 263, and the pressure of this 
hydraulic fluid is applied to one end or the other end of 
the valve spool 256 for reciprocating the latter in the 
valve body 259. 
The valve body 259 includes a pressure port 264 to 

which the hydraulic line 247 is connected for delivering 
the hydraulic fluid to the reversing valve 255 from the 
flow control valves 245, 246. With the valve spool. 256 
in its centered position the pressure port 264 is connected 
to each of the tank ports 265, 266, and the hydraulic 
fluid merely flows through the conveyor reversing valve 
255 without being delivered to the conveyor hydraulic 
motor 83, thereby rendering the latter inoperative. When 
hydraulic fluid under pressure is delivered from the pilot 
valve 254 through the port 262, the valve spool 256 is 
reciprocated to the right, as viewed in FIG. 9, and hy 
draulic fluid is exhausted through port 263 to the pilot 
valve 254. The pressure port 264 is sealed from both tank 
ports 265, 266, and the flow port 269, and is connected 
to the flow port 267, for delivering the hydraulic fluid 
through the flow port 267 and the hydraulic line 268 to 
the hydraulic conveyor motor 83 for operating the latter 
in one direction. When the hydraulic fluid under pres 
sure is delivered from the pilot valve 254 through the port 
263, the valve spool 256 is reciprocated to the left, as 
viewed in FIG. 9 and hydraulic fluid is exhausted through 
port 262 to the pilot valve 254. The pressure port 264 
is sealed from both tank ports 265, 266, and the flow 
port 267 and is connected to the flow port 269 to deliver 
hydraulic fluid through hydraulic line 270 to the hydrau 
lic conveyor motor 83 for operating the latter in the re 
verse direction. 
The hydraulic pump 61 delivers hydraulic fluid under 

pressure for operating the hydraulic traction motors 34, 
35 that drive the traction treads 32, 33, respectively, in 
advancing the mining machine during the mining opera 
tion. The hydraulic line 275 connects the hydraulic 
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pump 161 through a pressure relief valve 274 to a flow 
divider valve 276 which divides the flow of hydraulic 
fluid evenly, and supplies the divided hydraulic fluid to 
the volume control valves 277,278 through the hydraulic 
line 279, 286, respectively. The volume control valves 
277,278 are operative to control the volume of hydraulic 
fluid delivered to the hydraulic traction motors 34, 35, 
respectively, thereby controlling the speed of the hydrau 
lic motors 34, 35. Referring to FIG. 10, the volume con 
trol valve 277 is illustrated in greater detail. The vol 
ume control valve 277 is a conventional hydraulic device 
comprising a rotary element by which the volume of hy 
draulic fluid flowing out of the valve 277 is controlled. 
The volume control valve 277, as utilized in the present 
hydraulic system, further includes the pilot 252 by which 
the volume control valve 277 is operated. The pilot 252 
includes a body 281 in which there is reciprocably 
mounted a double acting piston 282. The opposite ends 
of the body 281 include ports 283, 284 through which 
hydraulic fluid under pressure is supplied from the pilot 
valve 251. By supplying hydraulic fluid under pressure 
through port 283 the piston 282 is reciprocated to the left, 
as viewed in FIG. 10, by the action of the hydraulic fluid 
on the adjacent end of the piston 282, and the opposite 
end of the piston 282 forces hydraulic fluid out of the 
pilot body 28A through the port 284, this hydraulic fluid 
being returned to the tank through the pilot valve 25i 
and the manifold tank line 219, as previously described. 
When hydraulic fluid under pressure is supplied through 
the port 284, the operation of the piston 282 is in re 
verse, and the piston 282 is reciprocated to the right, as 
viewed in FIG. 10. 
The piston 282 extends through an enclosed chamber 

285 in which there is disposed a shaft 286 by which the 
volume control valve 277 is operated. A crank 287 is 
Secured to the operating shaft 286, and the other end of 
the crank 287 includes a pin 288 which is seated in a 
laterally extending notch 289 formed in the piston 282. 
Reciprocation of the piston 282 oscillates the crank 287 
to rotate the shaft 286, thereby operating the volume con 
trol valve for regulating the volume of hydraulic fluid 
delivered through the latter. The volume control valve 
277 may also be considered to be a variable flow divider 
valve, in that its operation is to take the supply flow of 
hydraulic fluid and to divide it between the tank and the 
traction motor 34. Thus in one extreme position of the 
piston 282 the volume control valve 277 delivers all of 
the incoming hydraulic fluid through hydraulic line 290 
to the hydraulic traction motor 34, and in the other ex 
treme position of the piston 282 all of the hydraulic fluid 
is delivered to the tank through the hydarulic line 291. 
in the former condition the hydraulic traction motor 35 
is operated at maximum speed, while in the latter condi 
tion the hydraulic traction motor is rendered inoperative. 
Between the two extreme positions of the piston 282 the 
Volume control valve 277 has an infinite number of ad 
justments to vary the volume of hydraulic fluid delivered 
to the hydraulic traction motor 34. 
The volume control valve 278 is similar to the volume 

control valve 277, and is similarly connected in the hy 
draulic circuit to operate in the same manner with re 
Spect to the delivery of hydraulic fluid for operation of 
the hydraulic traction motor 35. The solenoids of the 
pilot valves 250, 251 are intermittently energized by a 
momentary Switch to inch the pistons 282 of the volume 
control valves 277,278 back or forth. In the normal op 
eration of the mining machine 30 it is desired to advance 
forwardly in a straight line which calls for operating the 
Crawler traction treads 32, 33 at equal speeds. For this 
purpose the volume control valves 277, 278 are set to 
deliver the same volume of hydraulic fluid to each of the 
hydraulic traction motors 34, 35. However, should it be 
desired to steer the mining machine 30 during the mining 
operation, or at any other time, such steering is accom 
plished by varying the volume of hydraulic fluid delivered 
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to the respective hydraulic traction motors 34, 35, this be 
ing accomplished by corresponding operation of the pilots 
252, 253 for the volume control valves 278, 277, respec 
tively. 
The hydraulic fluid from the volume control valve 277 

is delivered through hydraulic line 290 to the reversing 
valve 224, and the hydraulic fluid is delivered from the 
volume control valve 278 through the hydraulic line 292 
to the reversing valve 225. The reversing valves 224, 
225 are integral parts of a four unit valves 295 which is 
illustrated in detail in FIGS. 17 to 20. The reversing 
valves 224, 225 are similar, except that they are oppo 
sitely disposed in the four unit valve 295, as seen in FIG. 
11. The four unit valve 295 also includes the pilots 220, 
223 for operation of the reversing valves 224, 225, respec 
tively, the pilots 220, 223 also being integral parts of the 
four unit valve 295. 

Considering the reversing valve 224 in greater detail, 
the hydraulic line 290 delivers hydraulic fluid from the 
volume control valve 277 to the pressure port 296. As 
seen in FIG. 11 the valve spool 297 of the reversing valve 
224 is in its neutral position in which it is centrally dis 
posed with respect to the valve body 298. The valve 
body 298 includes a tank port 299 in the rear face of the 
valve body 298. In the front face of the valve body 298 
there are formed flow ports 300, 301. The flow ports 
300, 301 each function as either a supply or return port 
in accordance with the position of the valve spool 297 as 
will appear in greater detail hereinafter. In the neutral 
position of the valve spool 297 the flow ports 300, 301 
are blocked by the spool pistons 302, 303, respectively, 
and the port 296 is directly connected to the tank port 
299 through the internal ports 304, 305 in the valve body 
298. Thus in the neutral position of the valve spool. 297 
the flow of hydraulic fluid is from the pressure port 296 
to the tank, through the tank port 299 which connects to 
the manifold tank line 306. 
The pilot 220 includes a piston 307 reciprocably 

mounted in the pilot body 308. The piston 307 includes 
an upwardly extending stem 309 and a depending stem 
310. The depending stem 310 is connected by a pin 311 
to the top of the valve spool 297 for transmission of the 
motion of piston 307 to the valve spool 297. A spring 
guide 312 is mounted on the top of the stem 309 and an 
other spring guide 313 is mounted on the bottom of the 
Stem 309. The upper spring guide 312 is seated against 
the cover 314 for the pilot body 308, and is movable 
downwardly with the piston 307, but its uppermost po 
sition is limited by the cover 314. The lower spring guide 
313 is seated on the top of the piston 307, and is mov 
able upwardly with the piston 307, but is limited in its 
downward position to that position shown in FIG. 11 by 
the annular rib 35. 
The pilot body 308 includes flow ports 316, 317 by 

which hydraulic fluid under pressure is delivered to one 
side or the other of the piston 307 from the pilot valve 
203. The delivery of hydraulic fluid under pressure 
through port 316 causes a downward reciprocation of the 
piston 307, as seen in FIG. 14, thereby exhausting hy 
draulic fluid through the port 317 and through the pilot 
valve 203, the latter returning the exhausted hydraulic 
fluid to the tank through the manifold tank line 219. 
Downward reciprocation of the piston 307 also recipro 
cates the valve spool. 297 downwardly. Delivery of hy 
draulic fluid under pressure to the pilot 220 through port 
317 reciprocates the piston 307 upwardly, as seen in FIG. 
13, exhausting hydraulic fluid through the port 316 to 
the pilot valve 203 and thence to the tank through mani 
fold tank line 219, and results in an upward reciproca 
tion of the valve spool 297. The spring 318 which is 
seated on the spring guides 312, 313 is double acting, 
whereby reciprocation of the piston 307 in either direc 
tion is in opposition to the force of the spring .318, and 
compresses the latter. Since the pilot valve 203 has its 
pressure port 213 blocked and its flow ports 214, 215 open 
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4. 
to the tank ports 216, 217, respectively, when the sole 
noids 205, 206 are not energized, the spring 318 in the 
pilot 220 operates to maintain the piston 307 in a cen 
tered position when the solenoids 205, 206 of the pilot 
valve 203 are not energized. 
Upward reciprocation of the valve spool 297 sets the 

reversing valve 224 for forward operation of the traction 
motor 34, as seen in FIG. 13. The spool piston 302 
moves upwardly into the internal port 304 closing this 
port and at the same time opening the flow port 300 to 
the bottom tank canal 39 of the four unit valve 295. 
The spool piston 320 is moved upwardly into the inter 
nal port 305 sealing this port from the tank port 299. 
The spool piston 303 moves upwardly to open the flow 
port 301. With the valve spool 297 so adjusted, the flow 
of hydraulic fluid from the port 296 is through the canal 
32 to the flow port 30, which supplies the hydraulic 
fluid under pressure to the traction motor 34 through 
hydraulic line 322 for operating the hydraulic traction 
motor 34 in the forward direction. The hydraulic fluid 
which is exhausted from the hydraulic traction motor 34 
is returned to the reversing valve 224 through hydraulic 
line 323 which connects the flow port 300. The exhausted 
hydraulic fluid flows from the flow port 300 into the 
bottom tank canal 39 of the four unit valve 295. The 
four unit valve 295 includes a canal 324 disposed in align 
ment with each of the flow control valves 245, 246, and 
the canals 324 are each connected at all times to the 
bottom tank canal 319 of the four unit valve 295 to 
receive the flow of hydraulic fluid which is exhausted 
from the hydraulic traction motors 34, 35. The canals 
324 are individually connected to the tank ports 325, 326 
which connect the manifold tank line 306. 
For reverse operation of the hydraulic traction motor 

34, the valve spool 297 is reciprocated downwardly in the 
valve body 298, whereby the spool piston 320 closes the 
internal port 304, and the spool piston 302 moves below 
the flow port 300 connecting the latter to the pressure 
port 296. Hydraulic fluid under pressure is then supplied 
from the flow port 300 through hydraulic line 323 to the 
hydraulic traction motor 34 for driving it in reverse direc 
tion. The spool piston 303 opens the flow port 301 and 
closes an internal port 305 thereby connecting the flow 
port 301 to the canal 327 which connects to the canal 324. 
The hydraulic fluid which exhausts from the hydraulic 
traction motor 34 is returned through the hydraulic line 
322 to the flow port 301, and flows through the canal 327 
to the canal 324 which delivers the hydraulic fluid to the 
port 325 from which it is exhausted to the tank through 
the manifold tank line 306. The reversing valve 225 
operates in the same manner as the reversing valve 224 
with the return hydraulic fluid from the hydraulic trac 
tion motor 35 exhausting through the tank port 326. 
The four unit valve 295 also includes the flow control 

valves 245, 246 and the respective pilots 240, 241 there 
for, these all being integral elements of the four unit 
valve 295. The conveyor-traction pump 162 delivers 
hydraulic fluid under pressure through pressure relief 
valves 242 and hydraulic lines 243, 244 to the flow con 
trol valves 245, 246, respectively. The flow control valves 
245, 246 are each two position valves, and in one posi 
tion thereof the hydraulic fluid under pressure is delivered 
to the hydraulic conveyor motor 83, and in the other posi 
tion thereof the hydraulic fluid under pressure is delivered 
to the reversing valves 224, 225, respectively, to be com 
bined with the hydraulic fluid under pressure from the 
pump 161 delivered by the reversing valves 224, 225 to 
the hydraulic traction motors 34, 35, respectively. By 
this system there is provided an increased volume of hy 
draulic fluid for operating the hydraulic traction motors 
34, 35 at a high speed for propelling the mining machine 
30 at high speed, such high speed propulsion being uti 
lized at times when the mining machine 30 is not per 
forming any mining operation, but is merely trammed 
from one location to another. 
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As seen in FIG. 11, the flow control valve 246 includes 
a valve spool 330 which is adapted to be reciprocated 
between a lower position, as shown in FIG. 11, and an 
upper position, as shown in FIG. 13. The pilot 241 in 
cludes a piston 331 with a depending rod 332, which is 
secured to the top of the valve spool. 330 by a pin 333, 
whereby the reciprocation of the pitson 331 is transmitted 
to the valve spool. 330 for reciprocating the latter. The 
pilot body 334 includes flow ports 335, 336 which are 
connected to the solenoid controlled pilot valve 226. The 
delivery of hydraulic fluid under pressure from the pilot 
valve 226 through the port 335 reciprocates the piston 331 
downwardly to the position seen in FIG. 11, with the 
hydraulic fluid exhausting from the underside of the pis 
ton 33 through the port 336, back to the pilot valve 226 
and thence to the tank. The supply of hydraulic fluid 
under pressure through the port 336, reciprocates the 
piston 331 upwardly, as seen in FIG. 13, exhausting the 
hydraulic fluid through the port 335, the exhausted hy 
draulic fluid returning to the tank through the pilot valve 
226. The pilot valve 226 operates to control the delivery 
of hydraulic fluid to the pilot 24 in the manner previ 
ously described. 
As seen in FIG. 11, the flow control valve 246 is set 

for operating the hydraulic traction motor 35 at high speed, 
in which the flow of hydraulic fluid through the valve 246 
is combined with the flow of hydraulic fluid through the 
reversing valve 225. The flow control valve 246 includes 
a pressure port 337 in the front face of the four unit 
valve 295, which connects through the internal port 338 
to the canal 327, whereby the hydraulic fluid supplied 
through the port 337 combines with the hydraulic fluid 
delivered to the reversing valve 225. By upward recip 
rocation of the valve spool 330, as seen in FIG. 13, the 
internal port 338 is sealed by the spool piston 339, and 
the internal port 340 is also sealed by the spool piston 339. 
The spool piston 34 seals the internal port 342, and the 
spool piston 343 seals the internal port 344, taking a posi 
tion above the canal 345. The pressure port 337 is then 
connected through the canal 346 to the internal port 347, it 
which connects the transverse canal 345. The flow con 
trol valves 245, 246 have a common flow port 348 to 
which the transverse canal 345 is connected. Hydraulic 
line 247 connects from the common flow port 348 to the 
conveyor reversing valve 255, which controls the direction 
of delivery of the hydraulic fluid to the conveyor motor 83. 
The conveyor reversing valve 255 either by-passes the 
hydraulic fluid to the tank through hydraulic line 349, 
or will direct the fow of hydraulic fluid to the conveyor 
motor 83 through one of hydraulic lines 268, 270 for 
operating the conveyor motor in either a forward or 
reverse direction, as previously described. 
Combined with the hydraulic system for operating the 

mining machine 30, there is provided an electrical sys 
tem which includes controls for the mining machine, elec 
trical controls for the various hydraulic control devices, 
and the signaling System by which signals are provided 
indicating the advance of the mining machine with respect 
to the coal seam. The electrical system is digrammatical 
ly illustrated in F.G. 15A to 15F. In the electrical cir 
cuit diagram, that part of the circuit which is included 
within the dot-dash line 355 represents electrical equip 
ment on the mining machine 30. That portion of the 
electrical circuit diagram included within the dot-dash 
line 356 represents electrical equipment which is included 
within a control box 357, seen in FIG. 1B. That por 
tion of the electrical circuit diagram between the dot 
dash lines 355, 356 represents an electrical cable 358 
which extends between the control box 357 and a junc 
tion box 359 at the rear end of the mining machine 30. 

In accordance with this invention the electrical con 
trols for operating the mining machine 30 are included 
in the control box 357, which is supported on a wheeled 
truck 366 to permit the same to be readily moved to fol 
low the mining machine 30. The electrical cable 358 is 

5 

O 

2 5 

30 

3. 

GO 

65 

75 

6 
connected at one end to the control box 357, and at its 
other end to the junction box 359 on the mining ma 
chine 30, whereby the current is conducted between the 
control box 357 and the mining machine 30 for operat 
ing the various electrical devices on the mining machine. 
30. The electrical cable 358 may be made in one con 
tinuous length, or it may be made of several shorter 
lengths to facilitate storage of the cable 358. Where the 
electrical cable 358 comprises several shorter lengths, the 
several lengths of cable are connected to each other be 
tween the mining machine 30 and the control box 357 
by a connector box 360 having a plug portion 36 and a 
socket portion 362, by which the separate lengths of cable 
358 are electrically connected to each other. The con 
nector box 360 is mounted on a skid base 363 to facili 
tate moving the same along the mine floor. A plurality 
of cable clamps 364 are secured to the cable 358 at 
equally spaced positions along the length thereof, and 
lengths of chain 365 are secured to the cable clamps 364, 
and between the latter and the mining machine 30, the 
connector box 360, and the wheeled truck 366. By means 
of the chain 365 the cable 358 and the connector box 
350 may be readily pulled along the mine floor without 
the transmission of any force to the cable 358, thereby 
avoiding any damage to the latter. 
The mining machine 30 includes a positive terminal 

37) and a negative terminal 37 for connecting a trailing 
power cable 367 to the mining machine 30, which Sup 
plies direct current power to the machine from a re 
motely located power source. The positive and negative 
lines 372, 373 include switches 374,375, and a resistance 
382 to limit the current in lines 372, 373. The switch 
374 is located in the connector box 369 and is adapted 
to be opened prior to separation of the plug portion 36 
from the socket 362 of the connector box 360. The con 
trol box 357 similarly includes a plug portion 376 and a 
socket portion 377, which are adapted to be joined for 
connecting the conductor cable 358 to the various elec 
trical devices in the control box 357. The switch 375 is 
located in the control box 357, as seen in FIG. 16, and is 
adapted to be opened prior to separation of the plug por 
tion 376 from the socket portion 377 in the control box 
357. The plug portion 376 is secured to the socket por 
tion 377 by a plurality of bolts 368. There is also in 
cluded a bolt 369 which is so placed that it will close the 
switch 375 when it is threaded into the plug portion 376 
and the socket portion 377 of the control box 357. When 
connecting the plug portion 376 to the socket portion 377 
all the bolts 368 are first secured, and the bolt 369 is se 
cured last, whereby it is insured that all the electrical 
connections are firmly made before there is energization 
of any of the circuits. When the plug portion 376 is 
separated from the socket portion 377, the bolt 369 is 
first removed to open the switch 375, and then the bolts 
368 are removed. The plug portion 36 and the socket 
portion 362 of the connector box 360 are similarly con 
structed and include the switch 374 which is similar to 
the Switch 375, and is opened prior to separation of the 
plug portion 361 from the socket portion 362. Opening 
of either of the switches 374, 375 de-energizes the elec 
trical circuits in the mining machine 30 as well as those 
extending to the control box 357, and operates as a safety 
feature for this equipment. When the cable 358 is con 
nected through the connector box 360, or is connected 
to the control box 377, the switches 374, 375 respectively 
are closed after all of the other electrical connections are 
made, thereby avoiding the possibility of any incendiary 
spark. 
The terminal circuit includes a relay 378 having a 

coil 379, which is placed in the negative line 372. The 
relay further includes dual contactors 380 which are 
adapted to close the several circuits connected to the posi 
tive line 373. When the power line 367 is connected to 
the terminals 370, 371, and the switches 374, 375 are 
closed, the coil 379 is energized to operate the contactors 
380 to close their circuits. When either of the Switches 
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374, 375 is opened, or the power is disconnected from 
the terminals 370, 37, the relay coil 379 is de-energized, 
which induces a reverse voltage in the coil 379, which 
normally produces an incendiary spark at the point where 
the circuit is opened. In order to avoid the production 
of this incendiary spark, which is a dangerous condition 
in a mine, a rectifier 381 is connected across the coil 379, 
thereby rendering the circuits safe. Of course, when the 
circuit including the coil 379 is opened, the latter is de 
energized, opening the dual contactor 380 and thereby 
de-energizing the other circuits as well. Should the posi 
tive lead of the power cable 367 be mistakenly connected 
to the negative terminal 371, the rectifier 38 shunts the 
current around the coil 379, and the latter will not be 
energized, and none of the electrical circuits can be op 
erated until such time as the power cable 367 is properly 
connected to the terminals 370, 371 in accordance with 
the polarity thereof. 
The commutator 151 is concentrically disposed with 

respect to the axis of the shaft 59a, and corresponds in 
position to the circular path of the lower right cutter 
arm 66a. The segments 152 of the commutator 15 
which lie in the quadrant corresponding to the quadrant 
of operation of the cutter arm 60a defining the lower 
right limit of the determinate area 91 of the mine face 
from which coal is removed by the mining machine, are 
connected by lines 385 to a bank of lights 386, which are 
disposed in a quadrant corresponding to the quadrant in 
which the commutator Segents 152 are disposed. 
The lower left cutter arm 60b includes a sensing de 

vice and signaling system identical to that of the cutter 
arm 60a, having a commutator 387. The commutator 
segments 388 corresponding to the quadrant of operation 
of the cutter arm 60b defining the lower left limit of the 
determinate mine face area 91 from which coal is re 
moved, are connected by lines 389 to a bank of lights 390, 
disposed in a quadrant corresponding to the quadrant of 
commutator segments 387. The upper cutter arms 65a, 
65b each includes a sensing device and signaling system 
like that of the cutter arm 60a, with the signaling sys 
tems being set to sense the material of the mine face in 
quadrants at the upper outer limits of the determinate 
mine face area 91 from which the coal is removed. The 
right upper cutter arm 65a has a signaling system includ 
ing the commutator 391 having a quadrant of commuta 
tor segments 392 connected by lines 393 to a bank of 
lights 394 corresponding in position to the commutator 
segments 392. The signaling system of the upper left 
cutter arm 65b includes a commutator 395 having a 
quadrant of commutator segments 396, connected by lines 
397 to a bank of lights 398 corresponding in position 
to the commutator segments 396. The lights 386, 394 are 
disposed in staggered positions in the arc of a half circle, 
with the lower half of the lights 386, including the odd 
light, being connected to the commutator 5, and the 
upper half of the light being connected to the commuta 
tor segments 392. The lights 390,398 are similarly but 
oppositely disposed in the arc of a half circle, and are 
connected to the commutator segments 388, 396, respec 
tively. V 

The brush 149 in the signaling system for the lower 
right cutter arm 60a is mechanically connected to the 
shaft 59a, and is rotated thereby around the stationary 
commutator 151. The switch 102 is disposed in the cut 
ter arm 60a and is adapted to be closed by the yielding 
action of the bit holder 92 when it encounters material 
in the mine face that is relatively harder than coal. The 
circuit is energized through the contact spring 119 and the 
contact 130, through the switch 102 to the brush 149, 
and through that commutator segment 52 with which 
the brush 49 is in contact. By energization of the circuit 
current is thereby supplied to a light 386, which cor 
responds in position to the position of the cutter arm 60a 
at which it encountered the relatively harder material 
in the mine face, which caused the closing of the switch 
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102. It is thus seen that the lights 386 are energized 
when the cutter arm 60a encounters relatively harder ma 
terial than coal in the mine face, and provides a signal 
showing the presence of such material, and also showing 
the position of the cutter arm 6a at which it encountered 
the relatively harder material. As previously described 
the operation of the signaling system is in the quadrant 
of operation of the cutter arm 60a defining the lower 
right limit of the determining mine face area 9 from 
which coal is removed. 
An alternate circuit is provided for shortening out the 

Switch 102. This circuit includes the switch 399, which 
closes the circuit through the brush 122 and the ring 
contact 25, and thence through the brush 149 and that 
commutator segment 152 with which the brush 149 is in 
contact, to illuminate one of the lights 386. This op 
eration, of course, is not dependent on the sensing of ma 
terial that is relatively harder than coal, since the switch 
102 is by-passed. This circuit may be used to test the 
operation of the signaling system, or it may be used to 
check the position of the cutter arm 60a after it has 
stopped rotating. A like alternate circuit is provided for 
each at the other cutter arms 60b, 65a, 65b. The cut 
ter arms 60a, 60b, 65a, 65b, during the cutting operation, 
operate in paths that extend beyond the lateral dimension 
of the mining machine 30. The cutter arms 60a, 60b, 
65a, 65b may be rotated to positions in which they are all 
located within the lateral dimensions of the mining ma 
chine 30, which will take them out of contact with the 
side walls of the tunnel or room being bored by the min 
ing machine 30, and will facilitate maneuvering of the min 
ing machine 30 since the cutter arms will not abut the 
mine walls. In moving the cutter arms 60a, 60b, 65a, 
65b to their retracted positions, the movement thereof 
can be checked by use of the alternate circuit by closing 
Switches 399, 400. Switch 399 will operate the signaling 
System. With respect to cutter arms 60a, 65a and switch 
400 will operate the signaling system with respect to 
cutter arms 60b, 65b. The movement of the several cut 
ter arms will be indicated by the successive illumination 
of the lights 386, 390, 394, 398, and when none of the 
lights is illuminated by rotation of the several cutter 
arms, it is known that the cutter arms 60a, 60b, 65a, 65b. 
are all disposed within the lateral dimension of the min 
ing machine 30, and out of contact with the mine walls. 

Only the signaling circuit for the lower right cutter 
arm 60a has been described in detail for the reason that 
the signaling circuit for each of the other cutter arms 
60b, 65a, 65b is identical to that described with respect 
to the cutter arm 60a, as seen in FIG. 15. The lights 
386, 394, 390, 398 are oppositely disposed on the face of 
the control box 357, as seen in FIG. 15. At the top of 
the face of the control box 357 there are provided dual 
switch actuators 418, 49 for the switches 399, 400, re 
Spectively, by which the alternate light circuits are closed. 
Each Switch actuator 418, 419 has an “on” position for 
operating the alternate light circuits, and an automatic 
position in which the light circuits are operated through 
the Switches 02 in the cutter arms for sensing the mine 
face. The light circuits further include a resistance 401 
connected in series with each one of the lights 386, 390, 
394, 398 for reducing the voltage to the lights com. 
menSurate with the size thereof. In the circuits described 
thus far there is further provided dial lights 402, 403, 
which are located on the face of the control box 357 
to illuminate the same. Each light 402, 403 has a re 
sistance 404 to limit the voltage supplied to the respective 
lights 402, 403. The signaling circuits including the 
Switches 102 are supplied with current from the line 405, 
which is a positive line, and the alternate light circuits are 
Supplied with current from a positive line 406. The cur 
rent in the lines 405, 406 is limited by a resistance 407 
connected in series with each of the lines 405, 406. 
A positive line 410 Supplies current from the dual con 

tactor 380 to the other electrical control circuits. A 
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start-stop motor switch 411 is connected to the positive 
line 410 and to the control circuit 412 for the pump motor 
164. The motor switch 41 is provided with Switch 
actuator 418 on the face of the control box 357, for op 
eration of the switch 411. A dial light 43 is connected 
to the positive line 410 through the start-stop switch 411, 
for illuminating a portion of the face of the control box 
357. A resistance 414 is connected in series with the 
light 413 to limit the voltage to the light 413. 
A normally closed centrifugal switch 415 is connected 

to the positive line 410 and to a red light 416, having a 
resistance 417 connected in series therewith to limit the 
voltage to the light 416. The centrifugal switch 415 is 
mechanically connected to the conveyor 78, and is driven 
thereby when the conveyor 78 is driven. Operation of 
the conveyor 78 driving the centrifugal switch 45 causes 
the latter to open, whereby the light 416 is not illuminated. 
When the conveyor 78 is stopped, or if the conveyor 78 
should be stopped by jamming, the centrifugal switch 
415 closes and the light 416 will then be illuminated, pro 
viding a signal on the face of the control box 357 to the 
machine operator indicating stoppage of the conveyor 78. 
A head motors start-stop switch 420 is connected to 

the positive line 410 through the switch 42, the latter 
controlling the operation of the conveyor 78. The start 
stop switch 420 is connected to a motor control circuit 422 
for starting and stopping operation of the head motors 
71, 72 that drive the cutter arms 60, 65. By connection 
of the head motors switch 420 through the conveyor 
switch 42, the head motors 7, 72 cannot be operated 
unless the conveyor 78 is operating to discharge from the 
mining machine 30 the material mined by the cutter arms 
60, 65. Electrical connections 408 connect the pump 
motor circuit 412 to the head motors circuit 422, so that 
the head motors 71, 72 cannot be started unless the pump 
motor 164 is first started. When the pump motor 164 is 
stopped, the head motors 71, 72 are also stopped, and the 
operation of the other devices of the machine are also 
stopped as will appear in greater detail hereinatfter. 
An ammeter 423 is connected to the left head motor 71 

across a shunt 424, and a second ammeter 425 is con 
nected to the right head motor 72 across a shunt 426. 
The ammeters 423, 425 are placed at opposite sides of the 
face of the control box 357, corresponding to the disposi 
tion of the head motors 71, 72, and show the current being 
supplied to the head motors 75, 72, thereby providing a 
measure of the load on the head motors 75, 72, and 
indicating to the machine operator any overloads on either 
or both motors. 
An ammeter 427 is connected to the pump motor 64. 

across a shunt 428, and is centrally disposed on the face 
of the control box 357 to indicate the current drawn by 
the pump motor 164, which is a measure of the load on 
the pump motor 64. A voltmeter 429 is connected across 
the positive line 410 and the negative line 409 to show 
the supply voltage to the equipment. The voltmeter 429 
is placed on the face of the control box 357 adjacent the 
pump motor ammeter 427. 
A tachometer generator 430 is connected to the gear 

case 73 of the head motors 71, 72 to be driven thereby, 
and is electrically connected to a resistance box 433, 
through which current is supplied to a tachometer 432 for 
indicating the speed of the drive of the head motors 71, 
72, which is related to the speed of the cutter arms 60, 65 
and serves to provide an indication of whether the cutter 
arms 60, 65 are operating properly. The tachometer 432 
is centrally disposed on the face of the control box 357 
above the pump motor ammeter 427 and the voltmeter 
429. - 

Switches 435, 436 are each connected to the positive 
line 410, and are alternately operated to energize the 
Solenoids 437, 438, respectively, of the pilot control valve 
250 for the right traction motor 35. The pilot control 
valve 250 controls the operation of the volume control 
valve 278 to govern the supply volume of hydraulic fluid 
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to the right traction motor 35, thereby controlling the 
speed thereof. The switches 435, 436 are alternately op 
erated by a switch actuator 439 on the face of the con 
trol box 357. 

Switches 441, 442 are each connected to the positive 
line 410 and are adapted to be alternately closed to ener 
gize solenoids 443, 444, respectively, of the pilot control 
valve 251, which controls the operation of the volume con 
trol valve 277 to govern the supply volume of hydraulic 
fluid to the left traction motor 34, thereby controlling the 
Speed thereof. The switches 44, 442 are adapted to be 
alternately closed by a switch actuator 445 on the face of 
the control box 357. 
A three position conveyor switch 42 is connected to 

the positive line 4f0 for alternate energization of one or 
the other of the solenoids 448, 449 of the pilot control 
valve 254, which controls the direction of operation of 
the conveyor 78. When the switch 421 is operated to 
energize the solenoid 448 the conveyor 78 is operated in 
the reverse direction. The conveyor 78 is operated in 
reverse when it becomes jammed with material, and by 
Such reverse operation the jammed material is released 
and the conveyor 78 may then be restored to operation 
for discharging material from the end of the mining ma 
chine 30. The Switch 421 is operated to energize the 
solenoid 449 for operating the conveyor 78 for discharge 
of material from the mining machine 30. The switch 421 
has an intermediate “off” position in which neither 
Solenoid 448, 449 is energized, the conveyor 78 being 
rendered inoperative by setting the switch 421 in this 
position. A Switch actuator 450 is provided on the face 
of the control box 357 for setting the switch 421 to any 
one of its three positions. The start-stop switch 420 for 
the head motors 71, 72 is connected to the positive line 
410 through the Switch 421. The start-stop switch 420 is 
operative to start the head motors 71, 72 only when the 
conveyor switch 421 is in the conveyor discharge position 
for energization of the solenoid 449. This is a safety 
feature which prevents operation of the head motors 7, 
72 while the conveyor 78 is either inoperative, or is op 
erated in reverse direction, since the head motors 71, 72 
must not be driven unless the conveyor 78 is operative to 
Collect the mined material from the mine face and to 
scharge the same from the rear of the mining machine 
The conveyor-high speed tram switch 452 is connected 

to the positive line 410, and has two positions for ener 
gizing one or the other of solenoids 227, 228 of the pilot 
control valve 226, which controls the operation of the 
pilots 240, 241. Energization of the Solenoid 227 oper 
ates the pilots 240, 241 to set the flow control valves 245, 
246 for. Operation of the hydraulic conveyor motor 83, 
as previously described. Operation of the switch 452 to 
energize the solenoid 228 operates the pilots 240, 241 
to set the flow control valves 245, 246 for operation of 
the hydraulic traction motors 34, 35 at high speed. The 
Switch 452 is provided with a switch actuator 455 on the 
face of the control box 357, having two positions corre 
sponding to the positions of the switch 452. 
Head separate switches 457, 458 are each Connected to 

the positive line 410 and are alternately operated. Upon 
closing of the switch 457 the solenoid 459 is energized, and 
the alternate closing of switch 458 energizes solenoid 450, 
the solenoids 459,460 being included in the pilot oper 
ated control valve 68, which controls the operation of the 
cylinder and piston mechanisms 57 for Separating the 
mining heads 48, 49 and for bringing them back together. 
A switch actuator 461 is provided on the face of the con 
trol box 357 for alternately closing one or the other of 
switches 457, 458. The switch actuator 461 is normally 

intained in a neutral position in which neither switch 
457, 458 is closed. 
Head tilt Switches 463, 464 are each connected to the 

positive line 410, and are alternately operated for energiza 
tion of the Solenoids 465, 466, respectively. The sole 
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noids 465, 466 are included in the pilot operated control 
valve 67 which controls the operation of the hydraulic 
cylinder and piston mechanisms 56 for tilting the mining 
heads 48, 49. A switch actuator 467 is provided on the 
face of the control box 357 for alternately closing one or 
the other of the Switches 463, 464. The Switch actuator 
467 is normally maintained in a neutral position in which 
neither switch 463,464 is closed. 
Head raise switches 468, 469 are connected to the posi 

tive line 410 and are alternately closed to alternately 
energize the solenoids 171, 172, respectively, of the pilot 
operated control valve 166, which controls the operation 
of the cylinder and piston mechanisms 55 for raising and 
lowering the mining heads 48, 49 and the support 45 
therefor. A switch actuator 470 is provided on the face 
of the control box 357 for alternately closing one or the 
other of the switches 468, 469. The switch actuator 470 
is normally maintained in a neutral position in which 
neither switch 468, 469 is closed. 

Right crawler switch 472 is connected to the positive 
line 410 and is operative to energize one or the other of 
solenoids 473, 474 of pilot control valve 222. The pilot 
control valve 222 operates the pilot 223 for the reversing 
valve 225 that controls the delivery of hydraulic fluid to 
the right traction motor 35. When the switch 472 is 
operated to its forward position the solenoid 473 is ener 
gized, setting the reversing valve 225 for delivery of 
hydraulic fluid to the right traction motor 35 for opera 
tion of the latter in a forward direction to propel the 
mining machine 30 forwardly. Operation of the switch 
472 to its reverse position energizes the solenoid 474, 
which sets the reversing valve 225 for delivery of hydraulic 
fluid to the right traction motor 35 to operate the latter 
in the reverse direction, as when backing the mining ma 
chine 30 away from the mine face. The switch 472 has 
a neutral position in which neither solenoid 473, 474 is 
energized, and the reversing valve 225 is set in a neutral 
position in which no hydraulic fluid is delivered to the 
right traction motor 35 to render the latter inoperative, 
whereby the mining machine 39 remains stationary. The 
switch 472 is provided with a switch actuator 475 having 
forward, neutral, and reverse positions corresponding to 
the positions of the switch 472 for operating the latter. 
The left crawler switch 477 is connected to the posi 

tive line 410 and is adapted to energize one or the other 
of the solenoids 205, 206 of the pilot control valve 203 
for operating the pilot 220 of the reversing valve 224 for 
setting the latter to deliver hydraulic fluid to the left trac 
tion motor 34, to drive the latter in either a forward or 
reverse direction, or alternately to render the left traction 
motor 34 inoperative by not delivering any hydraulic fluid 
thereto. The operation of the left crawler switch 477 is 
the same in all respects as the right crawler switch 472. 
A switch actuator 478 for the switch 477 is provided on 
the face of the control box 357. Each of the Switch actu 
ators 475, 478 is formed as a crank extending in op 
posite directions towards each other with the positions 
thereof corresponding to the crawler traction treads 33, 
32 controlled thereby. The switch actuators 475, 478 
are so disposed that they may be operated together with 
one hand for simultaneous operation of the left and right 
traction motors 34, 35 and the corresponding crawler 
traction treads 32, 33. 
A tachometer generator 480 is connected to the drive 

from the right traction motor 35 for operation thereby. 
The tachometer generator 480 is connected to a resistance 
box 481 to which there is also connected to tachometer 
482. The current delivered by the tachometer generator 
480 to the tachometer 482 provides an indication on the 
tachometer 482 of the speed of the right crawler traction 
tread 33. A second tachometer generator 484 is con 
nected to the drive from the left traction motor 34 for 
operation thereby. The tachometer generator 484 is elec 
trically connected to a resistance box 485 to which there 
is also connected a tachometer 486. The current supplied 
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by the tachometer generator 484 to the tachometer 486 
provides an indication on the tachometer 486 of the speed 
of the left crawler traction tread 32. 
The tachometers 482, 486 are placed on the face of 

the control box 357 at the right and left sides thereof, 
respectively, corresponding to the respective crawler trac 
tion treads 33, 32. The resistance boxes 48, 4.85 are 
connected through switches 487, 488 to set the range of 
the tachometers 482, 486, respectively, for low speed op 
eration of the crawler traction treads 32, 33, as when 
advancing the mining machine 30 into the mine face dur 
ing the mining operation. The switches 487, 488 are 
ganged to the conveyor-high speed switch 452, and when 
the latter is set for high speed operation of the crawler 
traction treads 32, 33 the switches 487, 488 are corre 
spondingly set to connect the resistance boxes 481, 485 
for high range operation of the tachometers 482, 486, 
respectively. The tachometers 482, 486 show the speed 
of advance of the mining machine 30 and provide an in 
dication to the operator at the remote control station as 
to whether the mining operation is progressing at a satis 
factory rate. The tachometers 482, 486 also indicate the 
speed of the crawler traction treads 32, 33 relatively to 
each other, that is to say whether one of the crawler 
traction treads 32, 33 is operating faster than the other, 
whereby Suitable adjustment can be made to equalize the 
speed of the crawler traction treads 32, 33 by operation 
of Switch actuators 439, 445. Also adjustment can be 
made of the speed of the crawler traction treads 32, 33 to 
'operate them at unequal speeds, as when steering. 

Referring to FIG. 16, there is illustrated the control 
box 357 at which the machine operator takes his station 
for operating the mining machine 30. The operation of 
the mining machine 30 is started by moving the pump 
motor Switch actuator 408 to the start position which 
Sets the pump motor 64 in operation to drive the hy 
draulic pumps i60, 161, ió2 for supplying hydraulic fluid 
to the hydraulic system of the machine. The pump motor 
Switch actuator 408, after being moved to the start posi 
tion, automatically returns to its neutral position, and 
may thereafter be used to stop the operation of the pump 
motor, which will also automatically stop operation of 
the head motors 71, 72, by virtue of the connections 408 
between the pump motor circuit 412 and the head motor 
circuit 422. By stopping operation of the pump motor 
64, the operation of the various hydraulic devices is also 

stopped since the Supply of hydraulic fluid under pres 
sure is cut off thereby. 

Following the starting of the pump motor 164, the 
head motors start-stop switch actuator 433 is moved to 
Start position for energizing the head motor circuit 422 
for operation of the head motors 71, 72. The switch 
actuator 433 automatically returns to its neutral position 
and may thereafter be used to stop the operation of the 
head motors 71, 72. The head motors start-stop switch 
420 is connected through the conveyor switch 42 to the 
positive line 4:0 of the control circuit. Therefore, before 
the head motors 7A, 72 can be started, the conveyor switch 
actuator 450 must be in discharge position, which sets the 
conveyor 78 for discharging the mined material from the 
mining machine 30. Setting the conveyor switch actuator 
450 to the discharge position connects the head motor 
start-Stop SWitch 420 to the positive line 410. Movement 
of the conveyor Switch 450 to either the neutral position, 
in which the conveyor 78 is rendered inoperative, or to 
the reverse position, in which the conveyor 78 is operated 
in reverse direction, also serves to disconnect the head 
motor start-stop switch 420 from the positive line 410 
whereby the head motors 71, 72 are rendered inoperative. 
Thus, the mining machine 30 cannot be operated to re 
move material from the mine face unless the conveyor 
Switch actuator 450 is first moved to its discharge position 
for operation of the conveyor 78 to remove the mined 
material from the mine face and to discharge the same 
at the rear of the mining machine 30. As another Step 
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in starting the head motors 71, 72, the switch actuator 
455 is set to conveyor position prior to starting head 
motors 71, 72, for delivery of hydraulic fluid under pres 
sure to the conveyor hydraulic motor 83 for operation of 
the latter. 

After starting the pump motor 164, setting the controls 
for the conveyor 78, and starting the head motors 7A, 72, 
the switch actuators 475, 478 are moved from the neu 
tral position to the forward position, whereby the mining 
machine 30 is advanced into the mine face by the crawler 
traction treads 32, 33. During the mining operation the 
tachometer 432 shows the speed of operation of the head 
motors 71, 72, and the ammeters 423, 425 show the load 
on the head motors 7, 72, by which it can be determined 
by the operator if the mining mechanisms are functioning 
properly. The pump motor ammeter 427 shows the load 
on the pump motor 164, by which it can be determined 
if the pump motor is operating properly, and the volt 
meter 429 shows the voltage delivered to the mining ma 
chine 30. 
The tachometers 482, 486 show the speed of the right 

and left crawler traction treads 33, 32, respectively, by 
which it can be determined if the latter are being driven 
at equal speeds for advancing the mining machine 33 in a 
straight line. Should it be found that the crawler traction 
treads 32, 33 are operating at unequal speeds the right and 
left crawler switch actuators 439, 445 can be operated 
individually to equalize the speed of the crawler traction 
treads 32, 33. Either of the switch actuators 439, 445 
may be operated to increase or decrease the speed of the 
respective crawler traction treads 33, 32. Operation of 
both switch actuators 439, 445 at the same time and in the 
same direction, may be utilized to increase or decrease 
the rate of advance of the mining machine 30, as may 
be required by the condition of the mine face. 

During the mining operation the Switch actuators 418, 
49 are maintained in the automatic position, which opens 
the switches 399, 400, thereby rendering the signaling 
system operative to illuminate the lights 386, 390, 394, 
398 in accordance with the location of material harder 
than the coal as found by the sensing devices of the cutter 
arms 69a, 60b, 65a, 65b, each of which includes a sensing 
device. The lights. 386, 390, 394, 398 are distributed in 
correspondence with the limits of the determinate mine 
face area 9 from which the coal is removed by the cutter 
arms 60, 65, so that by observation of the lights, the dis 
position of the relatively harder material in the mine face 
is readily apparent. Upon encountering the relatively 
harder material in the mine face, the mining heads 48, 
49 are adjusted by use of the switch actuators 461, 467, 
470. The switch actuator 461 is provided for separating 
the mining heads 48, 4.9 by raising the mining head 49 
relatively to the mining head 48 and, likewise can be 
utilized to bring the mining heads 48, 49 together by low 
ering the mining head 49 relatively to the mining head 
48. Thus the vertical disposition of the mining heads 
48, 49 can be adjusted in accordance with the height of the 
mine seam in which the mining machine 39 is operating 
to remove a maximum height of coal from the mine face. 
The vertical adjustment of the mining heads 48, 49 is 
made in accordance with the signals provided by the 
lights 386, 390, 394, 398, which indicate the disposition 
of material relatively harder than the coal in the mine 
face. The Switch actuator 461 is normally maintained 
in a neutral position, and after movement thereof to 
either the up or down position it automatically returns to 
the neutral position upon release thereof. 
The head tilting switch actuator 467 is used to tilt the 

mining heads 48, 49 forward or back to follow a descend 
ing or ascending seam of coal. Operation of the switch 
actuator 467 is also in accordance with the signals pro 
vided by the lights 386, 390, 394, 393, which show the dis 
position of the material in the mine face that is relatively 
harder than coal. The disposition of this relatively harder 
material will indicate to the operator whether the coal 
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seam is following a descending or ascending path in the 
mine, and the adjustments of the mining heads 48, 49 
are made accordingly. The head raise switch actuator 
470 is utilized to raise and lower the mining heads 48, 
49 and the support 45 therefor, along with the tilting of 
the mining heads 48, 49 to follow the ascending or 
descending path of the coal seam. Each of the switch 
actuators 467, 470 is normally maintained in a neutral 
position, and following operation of either of the switch 
actuators 467, 470, it will return automatically to the 
neutral position upon release thereof. The switch actu 
ators 461, 467, 470 for adjusting the mining heads 48, 
49 control the operation of the valves 166, 167, 168, and 
since the latter are connected in series, as previously de 
scribed, the switch actuators 461, 467, 470 are operated 
individually. 
The operation of the mining machine 30 may be stopped 

by moving the pump motor actuator 408 to stop position. 
This stops the operation of the head motors 71, 72 as 
well as the pumps 60, 161, 162, thereby rendering all the 
mechanisms of the mining machine 30 inoperative. An 
other procedure for stopping the operation of the mining 
machine 30, which is followed when it is desired to tram 
the machine away from the mine face following a min 
ing operation, is to move the lights switch actuators 418, 
419 to the on position, which renders the signal lights 
386, 390, 394, 398 operative to show the positions of the 
cutter arms 60a, 60b, 65a, 65b in the quadrants of opera 
tion thereof lying in the perimeter of the determinate mine 
face area 91 from which coal is removed during the min 
ing operation. The head motors 71, 72 are then operated 
by means of the head motor switch actuator 433 to bring 
the aforesaid cutter arms out of contact with the side 
walls of the mine, the movement of the cutter arms to the 
withdrawn positions being indicated by the signal lights 
386, 390, 394, 398. When the cutter arms 60a, 60b, 
65a, 65b are withdrawn from the side walls of the mine, 
the head motors 71, 72 are stopped by operation of the 
Switch actuator 433, and thereafter the pump motor 164 
is stopped by operation of the switch actuator 408. 

Following stoppage of the mining machine 30 the switch 
actuator 455 is operated to the high speed position for 
tramming at high speed. The conveyor switch actuator 
450 is set to off position, although it will be understood 
that with the Switch actuator 455 set to high speed posi 
tion there will be no hydraulic fluid supplied to the con 
veyor hydraulic motor 83. The pump motor switch actu 
ator 408 is then operated to start the pump motor 164, 
and the Switch actuators 475, 478 for the crawler traction 
treads 32, 33 are operated to either the forward or re 
verse positions, depending upon the direction in which it 
is desired to tram the mining machine 30. As previously 
described, during tramming at high speed the hydraulic 
fluid which is normally delivered to the conveyor hydrau 
lic motor 83 for operation thereof is delivered to the 
traction motors 34, 35 and combined with the hydraulic 
fluid delivered from the traction pump 161 for operating 
the traction motors 34, 35 at high speed. During tram 
ming the tachometers 482, 486 will indicate the speed 
of the crawler traction treads 33, 32, respectively, and the 
Switch actuators 439, 445 may be operated to increase 
or decrease the tramming speed, or may be operated to 
Steer the mining machine 30 by operation of the crawler 
traction treads 32, 33 at different speeds, as previously 
described. In the course of tramming the mining ma 
chine 30, or before such tramming is started the switch 
actuators 461, 467, 470 may be operated, as previously 
described, for adjusting the position of the mining heads 
48, 49 as may be found necessary. 
By the instant invention there is provided a mining ma 

chine which can be operated from a station remotely lo 
cated with respect to the mine face. The mining ma 
chine includes a control system connected to the various 
mechanisms of the mining machine for controlling said 
mechanisms and the mining machine as a whole from the 
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remotely located control station. The control system in 
cludes means providing signals at the control station indi 
cating the disposition in the mine face of material which 
is different from the selected material of the mine face 
that it is desired to remove by the mining operation. The 
disposition of the different material is indicated at the con 
trol station with respect to the mining mechanisms of the 
mining machine, whereby said mining mechanisms can 
be adjusted with respect to the mine face for operation 
thereof to remove only the selected material from the 
mine face. While the invention has been described here 
in as applied to a mining machine that is remotely con 
trolled and operated, it will be apparent that various ele 
ments of the invention are adaptable to use with mining 
machines that are not remotely operated and controlled. 

Obviously those skilled in the art may make various 
changes in the details and arrangement of parts without 
departing from the spirit and scope of the invention as 
defined by the claims hereto appended, and applicant 
therefore wishes not to be restricted to the precise con 
struction herein disclosed. 

Having thus described and shown an embodiment of 
the invention, what it is desired to secure by Letters 
Patent of the United States is: 

1. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the mine 
face, each mining head including mining means for re 
moving material from the mine face, means for advancing 
said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power means 
for tilting the mining heads, hydraulic power means for 
separating said mining heads, a hydraulic pump for Sup 
plying hydraulic fluid under pressure to each of said hy 
draulic power means for operating the latter, individual 
hydraulic control means for each of said hydraulic power 
means interposed between the hydraulic pump and each 
hydraulic power means to control the delivery of hy 
draulic fluid to the respective hydraulic power means, each 
hydraulic control means comprising, a hydraulic valve 
for controlling the flow of hydraulic fluid to the respec 
tive hydraulic power means, pilot valve means connected 
to the hydraulic valve for operating said hydraulic valve, 
solenoid means for operating said pilot valve, means con 
necting the hydraulic pump to the hydraulic valve and to 
the pilot valve to supply hydraulic fluid under pressure 
to the hydraulic valve and to the pilot valve for operation 
of the hydraulic power means and the hydraulic valve 
respectively, said individual hydraulic control means be 
ing connected in series for delivery of hydraulic fluid un 
der pressure from one of said hydraulic control means to 
a second of said hydraulic control means and from the 
second of said hydraulic control means to a third of 
said hydraulic control means. 

2. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the mine 
face, each mining head including mining means for remov 
ing material from the mine face, hydraulic power means 
for raising the mining heads, hydraulic power means for 
tilting the mining heads, hydraulic power means for sepa 
rating said mining heads, a first hydraulic pump for sup 
plying hydraulic fluid under pressure to each of said hy 
draulic power means for operating the latter, individual 
control means for each of said hydraulic power means 
to control the delivery of hydraulic fluid to the respective 
hydraulic power means, each control means including 
Solenoid means for operation of the control means, trac 
tion means for propelling the mining machine and ad 
vancing the mining means into the mine face, conveying 
means for. carrying mined material away from the mine 
face and discharging said mined material at the rear of 
the mining machine, a hydraulic motor for driving said 
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traction means, a second hydraulic pump for delivering 
hydraulic fluid under pressure to the traction hydraulic 
motor for operating the latter to drive the traction means 
at low speed, a hydraulic fluid volume control valve for 
control of the volume of hydraulic fluid delivered to the 
traction hydraulic motor to vary the speed of the latter, 
hydraulic pilot means for operating the volume control 
valve, a pilot valve for controlling the delivery of hy 
draulic fluid to the pilot means for operating the latter, 
solenoid means for operating the pilot valve, a forward 
and reverse valve for controlling the direction of flow of 
hydraulic fluid to the traction motor to reverse the direc 
tion of operation thereof, hydraulic pilot means for op 
erating the forward and reverse valve, a pilot valve for 
controlling the delivery of hydraulic fluid to the pilot 
means to operate the latter, solenoid means for operating 
the pilot valve, a hydraulic motor for operating the con 
veying means, a third hydraulic pump for delivering hy 
draulic fluid under pressure to the conveying means hy 
draulic motor for operating the latter to drive the con 
veying means, a control valve for directing the flow of 
hydraulic fluid from the third hydraulic pump to the con 
veying means hydraulic motor, hydraulic pilot means for 
operating the control valve to divert the flow of hy 
draulic fluid from the conveying means hydraulic motor 
to the forward and reverse valve for delivery of hydraulic 
fluid from both the second hydraulic pump and the third 
hydraulic pump to the traction motor to drive the latter 
at high speed, a pilot valve for controlling the delivery of 
hydraulic fluid to the pilot means to operate the latter, 
solenoid means for operating the pilot valve, said first 
hydraulic pump supplying hydraulic fluid under pressure 
to each of the hydraulic pilot means through the respec 
tive pilot valves therefor. 

3. In a mining machine adapted to remove material 
from a nine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the 
mine face, each mining head including mining means for 
removing material from the mine face, means for advanc 
ing said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power 
means for tilting the mining heads, hydraulic power 
means for separating the mining heads, a hydraulic pump 
for supplying hydraulic fluid under pressure to each of 
said hydraulic power means for operating the latter, in 
dividual hydraulic control means for each of said hy. 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the 
delivery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means comprising, a 
hydraulic valve for controlling the flow of hydraulic 
fluid to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating said 
hydraulic valve, solenoid means for operating said pilot 
valve, means connecting the hydraulic pump to the hy 
draulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the 
pilot valve for operation of the hydraulic power means 
and the hydraulic valve respectively, said individual hy 
draulic control means being connected in series for de 
livery of hydraulic fluid under pressure from one of said 
hydraulic control means to a second of said hydraulic 
control means and from the second of said hydraulic 
control means to a third of said hydraulic control means, 
traction means for propelling the mining machine and ad 
vancing the mining heads and mining means into the 
mine face, a hydraulic motor for driving said traction 
means, a hydraulic pump for delivering hydraulic fluid 
under pressure to the hydraulic motor for operating the 
latter to drive the traction means, a hydraulic fluid 
volume control valve for control of the volume of hy 
draulic fluid delivered to the hydraulic motor to vary 
the speed thereof, a hydraulic pilot for operating said 
volume control valve to vary the volume of hydraulic 
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fluid delivered to the hydraulic motor, a pilot valve for 
operating said pilot by controlling the delivery of hy 
draulic fluid under pressure to said pilot, solenoid oper 
ating means for said pilot valve, and means connecting 
said third hydraulic control means to the last said pilot 
valve for delivery of hydraulic fluid under pressure 
from the first said hydraulic pump to the last said pilot 
valve for operation of said hydraulic pilot. 

4. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the mine 
face, each mining head including mining means for re 
moving material from the mine face, means for advanc 
said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power 
means for tilting the mining heads, hydraulic power 
means for separating the mining heads, a hydraulic pump 
for supplying hydraulic fluid under pressure to each of 
said hydraulic power means for operating the latter, indi 
vidual hydraulic control means for each of said hydraulic 
power means interposed between the hydraulic pump and 
each hydraulic power means to control the delivery of hy 
draulic fluid to the respective hydraulic power means, 
each hydraulic control means comprising, a hydraulic 
valve for controlling the flow of hydraulic fluid to the 
respective hydraulic power means, pilot valve means 
connected to the hydraulic valve for operating said hy 
draulic valve, solenoid means for operating said pilot 
valve, means connecting the hydraulic pump to the hy 
draulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the 
pilot valve for operation of the hydraulic power means 
and the hydraulic valve respectively, said individual hy 
draulic control means being connected in Series for de 
livery of hydraulic fluid under pressure from one of Said 
hydraulic control means to a second of said hydraulic 
control means and from the second of said hydraulic con 
trol means to a third of said hydraulic control means, 
traction means for propelling the mining machine and 
advancing the mining heads and mining means into the 
mine face, a hydraulic motor for driving said traction 
means, a hydraulic pump for delivering hydraulic fluid 
under pressure to the hydraulic motor for operating the 
latter to drive traction means, a forward and reverse 
valve for controlling the direction of flow of hydraulic 
fluid to the hydraulic motor to reverse the direction of 
operation thereof, a hydraulic pilot for operating said 
forward and reverse valve, a pilot valve for operating 
said pilot by controlling the delivery of hydraulic fluid 
under pressure to said pilot, solenoid operating means 
for said pilot valve, and means connecting said third hy 
draulic control means to the last said pilot valve for de 
livery of hydraulic fluid under pressure from the first 
said hydraulic pump to the last Said pilot valve for opera 
tion of said hydraulic pilot. 

i5. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second mining 
head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the 
mine face, each mining head including mining means for 
removing material from the mine face, means for advanc 
ing said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power 
means for tilting the mining heads, hydraulic power 
means for separating the mining heads, a hydraulic pump 
for supplying hydraulic fluid under pressure to each of 
said hydraulic power means for operating the latter, in 
dividual hydraulic control means for each of said hy 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the 
delivery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means compris 
ing, a hydraulic valve for controlling the flow of hy 
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pilot valve means connected to the hydraulic valve for 
operating said hydraulic valve, solenoid means for op 
erating Said pilot valve, means connecting the hydraulic 
pump to the hydraulic valve and to the pilot valve to sup 
ply hydraulic fluid under pressure to the hydraulic valve 
and to the pilot valve for operation of the hydraulic 
power means and the hydraulic valve respectively, said 
individual hydraulic control means being connected in 
Series for delivery of hydraulic fluid under pressure from 
one of Said hydraulic control means to a second of said 
hydraulic control means and from the second of said hy 
draulic control means to a third of said hydraulic control 
means, traction means for propelling the mining machine 
and advancing the mining heads and mining means into 
the mine face, conveying means for carrying mined mate 
rial away from the mine face and discharging said mined 
material at the rear of the mining machine, a hydraulic 
motor for operating the conveying means, a hydraulic 
pump for delivering hydraulic fluid under pressure to 
the hydraulic motor for operating the latter to drive 
the conveying means, a control valve for directing the 
flow of hydraulic fluid from the hydraulic pump to the 
hydraulic motor, a hydraulic pilot for operating said 
control valve, a pilot Valve for operating said pilot by 

5 controlling the delivery of hydraulic fluid under pressure 
to said pilot, Solenoid operating means for said pilot 
valve, and means connecting said third hydraulic control 
means to the last said pilot valve for delivery of hydraulic 
fluid under pressure from the first said hydraulic pump 
to the last said pilot valve for operation of said hydraulic 
pilot. 

6. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the mine 
face, each mining head including mining means for re 
moving material from the mine face, means for advanc 
ing said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power 
means for tilting the mining heads, hydraulic power 
means for separating the mining heads, a hydraulic pump 
for Supplying hydraulic fluid under pressure to each of 
Said hydraulic power means for operating the latter, in 
dividual hydraulic control means for each of said hy 
'draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the de 
livery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means comprising, 
a hydraulic valve for controlling the flow of hydraulic 
fluid to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating said 
hydraulic valve, solenoid means for operating said pilot 
Valve, means connecting the hydraulic pump to the hy 
draulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the pilot 
Valve for operation of the hydraulic power means and 
the hydraulic valve respectively, said individual hydraulic 
control means being connected in series for delivery of 
hydraulic fluid under pressure from one of said hydraulic 
control means to a second of said hydraulic control means 
and from the second of said hydraulic control means to a 
third of said hydraulic control means, traction means for 
propelling the mining machine and advancing the mining 
means into the mine face, a hydraulic motor for driving 
Said traction means, conveying means for carrying mined 
material away from the mine face and discharging said 
mined material at the rear of the mining machine, hydrau 
lic motor for operating the conveying means, a hydraulic 
pump for delivering hydraulic fluid under pressure to said 
hydraulic motors, a control valve for alternately directing 
the flow of hydraulic fluid from the last said hydraulic 
pump to the conveying means hydraulic motor or to the 
traction means hydraulic motor, a hydraulic pilot for op 
erating said control valve, a pilot valve for operating said 

draulic fluid to the respective hydraulic power means, 75 pilot by controlling the delivery of hydraulic fluid under 
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pressure to said pilot, solenoid operating means for said 
pilot valve, and means connecting said third hydraulic 
control means to the last said pilot valve for delivery of 
hydraulic fluid under pressure from the first said hy 
draulic pump to the last said pilot valve for operation of 
said hydraulic pilot. 

7. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine 
one above the other and adapted to be advanced into 
the mine face, each mining head including mining means 
for removing material from the mine face, means for ad 
vancing said mining heads into the mine face, hydraulic 
power means for raising the mining heads, hydraulic 
power means for tilting the mining heads, hydraulic 
power means for separating the mining heads, a hydraulic 
pump for supplying hydraulic fluid under pressure to each 
of said hydraulic power means for operating the latter, 
individual hydraulic control means for each of said hy 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the de 
livery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means comprising, 
a hydraulic valve for controlling the flow of hydraulic 
fluid to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating 
said hydraulic valve, solenoid means for operating said 
pilot valve, means connecting the hydraulic pump to the 
hydraulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the 
pilot valve for operation of the hydraulic power means 
and the hydraulic valve respectively, said individual hy 
draulic control means being connected in series for de 
livery of hydraulic fluid under pressure from one of said 
hydraulic control means to a second of said hydraulic 
control means and from the second of said hydraulic con 
trol means to a third of said hydraulic control means, 
traction means for propelling the mining machine and 
advancing the mining heads and mining means into the 
mine face, conveying means for carrying mined material 
away from the mine face and discharging said mined ma 
terial at the rear of the mining machine, a hydraulic 
motor for driving said traction means, a second hydraulic 
pump for delivering hydraulic fluid under pressure to the 
hydraulic motor for operating the latter to drive the trac 
tion means at low speed, a foward and reverse valve for 
controlling the direction of flow of hydraulic fluid to 
the traction motor to reverse the direction of operation 
thereof, a hydraulic pilot for operating said forward and 
reverse valve, a pilot valve for operating said pilot by 
controlling the delivery of hydraulic fluid under pressure 
to said pilot, solenoid operating means for said pilot 
valve, a hydraulic motor for operating the conveying 
means, a third hydraulic pump for delivering hydraulic 
fluid under pressure to the hydraulic motor for operating 
the latter to drive the conveying means, a control valve 
for directing the flow of hydraulic fluid from the third 
hydraulic pump to the conveying means hydraulic motor, 
a hydraulic pilot for operating said control valve to divert 
the flow of hydraulic fluid from the conveying means hy 
draulic motor to the forward and reverse valve for de 
livery of hydraulic fluid from both the second hydraulic 
pump and the third hydraulic pump to the traction hy 
draulic motor to drive the latter at high speed, a pilot 
valve for operating the last said pilot by controlling the 
delivery of hydraulic fluid under pressure to said pilot, 
solenoid operating means for the last said pilot valve, and 
means connecting said third hydraulic control means to 
the last said two pilot valves for delivery of hydraulic 
fluid under pressure from the first said hydraulic pump 
to the last said two pilot valves for operation of said 
hydraulic pilots. 

8. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second min 
ing head disposed at the front of the mining machine one 
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above the other and adapted to be advanced into the mine 
face, each mining head including mining means for re 
moving material from the mine face, means for advanc 
ing said mining heads into the mine face, hydraulic power 
means for raising the mining heads, hydraulic power 
means for tilting the mining heads, hydraulic power 
means for separating the mining heads, a hydraulic pump 
for supplying hydraulic fluid under pressure to each of 
said hydraulic power means for operating the latter, in 
dividual hydraulic control means for each of said hy 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the 
delivery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means comprising, 
a hydraulic valve for controlling the flow of hydraulic 
fluid to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating 
said hydraulic valve, solenoid means for operating said 
pilot valve, means connecting the hydraulic pump to the 
hydraulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the pilot 
valve for operation of the hydraulic power means and 
the hydraulic valve respectively, said individual hydraulic 
control means being connected in series for delivery of 
hydraulic fluid under pressure from one of said hy 
draulic control means to a second of said hydraulic con 
trol means and from the second of said hydraulic control 
means to a third of said hydraulic control means, trac 
tion means for propelling the mining machine and ad 
vancing the mining heads and mining means into the 
mine face, conveying means for carrying mined material 
away from the mine face and discharging said mined ma 
terial at the rear of the mining machine, a hydraulic motor 
for operating the conveying means, a hydraulic pump for 
delivering hydraulic fluid under pressure to the hydraulic 
motor for operating the latter to drive the conveying 
means, a control valve for directing the flow of hydraulic 
fluid from the hydraulic pump to the hydraulic motor, a 
hydraulic pilot for operating said control valve, a pilot 
valve for operating said pilot by controlling the de 
livery of hydraulic fluid under pressure to said pilot, 
solenoid operating means for said pilot valve, a reversing 
valve for controlling the direction of flow of hydraulic 
fluid to the hydraulic motor for reversing the direction of 
operation of the conveying means, a hydraulic pilot for 
operating said reversing valve, a pilot valve for operating 
the last said pilot by controlling the delivery of hydraulic 
fluid under pressure to the last said pilot, solenoid op 
erating means for the last said pilot valve, and means 
connecting said third hydraulic control means to the last 
said two pilot valves for delivery of hydraulic fluid under 
pressure from the first said hydraulic pump to the last said 
two pilot valves for operation of the last said two hy 
draulic pilots. 

9. In a mining machine adapted to remove material 
from a mine face, a mining head disposed at the front of 
the mining machine and adapted to be advanced into 
the mine face, said mining head including mining means 
for removing material from the mine face, means for 
advancing said mining head into the mine face, hydraulic 
power means for raising the mining head, hydraulic 
power means for tilting the mining head, a hydraulic 
pump for supplying hydraulic fluid under pressure to each 
of said hydraulic power means for operating the latter, 
individual hydraulic control means for each of said hy 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the de 
livery of hydraulic fluid to the respective hydraulic power 
means, each hydraulic control means comprising a hy 
draulic valve for controlling the flow of hydraulic fluid 
to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating 
said hydraulic valve, solenoid means for operating said 
pilot valve, means connecting the hydraulic pump to 
the hydraulic valve and to the pilot valve to supply hy 
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draulic fluid under presure to the hydraulic valve and to 
the pilot valve for operation of the hydraulic power 
means and the hydraulic valve, respectively, said in 
dividual hydraulic control means being connected in 
series for delivery of hydraulic fluid under pressure from 
one of said hydraulic control means to the other of said 
hydraulic control means. 

10. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second 
mining head disposed at the front of the mining machine 
one above the other and adapted to be advanced into 
the mine face, each mining head including mining means 
for removing material from the mine face, means for 
advancing said mining heads into the mine face, hydraulic 
power means for raising the mining heads, hydraulic 
power means for separating the mining heads, a hydrau 
lic pump for supplying hydraulic fluid under pressure 
to each of said hydraulic power means for operating the 
latter, individual hydraulic control means for each of 
said hydraulic power means interposed between the hy 
draulic pump and each hydraulic power means to con 
trol the delivery of hydraulic fluid to the respective hy 
draulic power means, each hydraulic control means com 
prising a hydraulic valve for controlling the flow of 
hydraulic fluid to the respective hydraulic power means, 
pilot valve means connected to the hydraulic valve for 
operating said hydraulic valve, solenoid means for op 
erating said pilot valve, means connecting the hydraulic 
pump to the hydraulic valve and to the pilot valve to sup 
ply hydraulic fluid under pressure to the hydraulic valve 
and to the pilot valve for operation of the hydraulic 
power means and the hydraulic valve, respectively, said 
individual hydraulic control means being connected in 
series for delivery hydraulic fluid under pressure from 
one of said hydraulic control means to the other of said 
hydraulic control means. 

11. In a mining machine adapted to remove material 
from a mine face, a first mining head and a second mining 
head disposed at the front of the mining machine one 
above the other and adapted to be advanced into the 
mine face, each mining head including mining means for 
removing material from the mine face, means for ad 
vancing said mining heads into the mine face, hydraulic 
power means for tilting the mining heads, hydraulic 
power means for separating the mining heads, a hydraulic 
pump for Supplying hydraulic fluid under pressure to each 
of said hydraulic power means for operating the latter, 
individual hydraulic control means for each of said hy 
draulic power means interposed between the hydraulic 
pump and each hydraulic power means to control the 
delivery of hydraulic fluid to the respective hydraulic 
power means, each hydraulic control means comprising 
a hydraulic valve for controlling the flow of hydraulic 
fluid to the respective hydraulic power means, pilot valve 
means connected to the hydraulic valve for operating said 
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hydraulic valve, solenoid means for operating said pilot 
valve, means connecting the hydraulic pump to the hy 
draulic valve and to the pilot valve to supply hydraulic 
fluid under pressure to the hydraulic valve and to the pilot 
valve for operation of the hydraulic power means and 
the hydraulic valve, respectively, said individual hydraulic 
control means being connected in series for delivery of 
hydraulic fluid under pressure from one of said hydraulic 
control means to the other of said hydraulic control 
eaS 

2. In a mining machine adapted to remove material 
from a mine face, a mining head at the front of the 
mining machine and adapted to be advanced into the 
mine face, said mining head including mining means for 
removing material from the mine face, means for ad 
vancing said mining head into the mine face, first hy 
draulic power means for adjusting the mining head, second 
hydraulic power means for adjusting the mining head, 
a hydraulic pump for supplying hydraulic fluid under 
pressure to each of said hydraulic power means for oper 
ating the latter, individual hydraulic control means for 
each of said hydraulic power means interposed between 
the hydraulic pump and each hydraulic power means to 
control the delivery of hydraulic fluid to the respective 
hydraulic power means, each hydraulic control means 
comprising a hydraulic valve for controlling the flow of 
hydraulic fluid to the respective hydraulic power means, 
pilot valve means connected to the hydraulic valve for 
operating said hydraulic valve, solenoid means for oper 
ating Said pilot valve, means connecting the hydraulic 
pump to the hydraulic valve and to the pilot valve to 
Supply hydraulic fluid under pressure to the hydraulic 
valve and to the pilot valve for operation of the hydraulic 
power means and the hydraulic valve, respectively, said 
individual hydraulic control means being connected in 
series for delivery of hydraulic fluid under pressure from 
one of said hydraulic control means to the other of said 
hydraulic control means. 
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