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The present invention relates to improvements in hy 
draulically powered mobile mining machines and par 
ticularly to rotary drilling machines. 

In underground mobile hydraulic drilling machines, 
the auger has two separable working motions, each of 
which has an independently controlled hydraulic power 
Source. The rotational motion of the auger is powered 
by a hydraulic rotating motor having a rotational ve 
locity, which can be modified by regulating the rate at 
which hydraulic fluid passes through the hydraulic mo 
tor. The longitudinal motion of the auger is controlled 
by a hydraulic ram which advances the auger in ac 
cordance with the rate at which hydraulic fluid is in 
troduced into the hydraulic fluid chamber behind the 
ram piston. The operator of these drilling machines 
must be skilled in controlling the independent valves in 
the hydraulic feed lines to the motor and the ram so 
that the auger attains a rapid drilling rate without ad 
vancing the auger so rapidly that the auger rotation mo 
tor stalls. 

According to the present invention the hydraulic cir 
cuit for the rotational motor is hydraulically correlated 
with the hydraulic circuit for the advancing ram where 
by the advance is regulated automatically by the ca 
pacity of the rotational motor. The advance is main 
tained at the highest rate consistent with the capacity of 
the rotational motor. Thus the drilling machine auto 
matically is operated at a torque near the maximum 
possible torque, while the possibility of stalling is elim 
inated. Hence holes can be drilled with highest effi 
ciency. Moreover the operator of the machine need not 
be as experienced as the operators required for prior 
drilling machines. 
The principle of my new invention can be applied to 

other mobile mining machines which combine a rota 
tional motion with a longitudinal advance motion in 
the working elements, such as roof bolting machines, 
cutting machines and continuous mining machines. 
The primary object of this invention is to provide auto 

matic means for exerting the maximum longitudinal ad 
vancing force consistent with the maximum rotational 
force which a mining machine is capable of developing. 

Another object of this invention is to permit opera 
tion of drilling machines by relatively inexperienced op 
erators by providing a single manual control valve to 
gether with an automatic valve means for integrating 
the two mechanical motions of rotation and longitudinal 
advance. 
A further object of this invention is to provide a drill 

ing machine which cannot be stalled in normal opera 
tion. 

Another object of this invention is to provide a drill 
ing machine in which the auger is automatically safe 
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guarded from excessive stresses, even those which de 
velop unexpectedly when the working auger bit encoun 
ters an area of unusually hard material in the path of 
the drill hole. 

Another object is to reduce abrasion of cutting tools 
by automatically avoiding free rotation of the cutting 
tool under abrasive conditions. 

Other objects and advantages of the present invention 
will become apparent from the following specification 
and drawings. It is to be understood that modifications 
from the exact structural details are contemplated with 
in the scope of the appended claims without departing 
from the spirit of the invention. 
In the drawings: 
Figure 1 is a schematic illustration of the preferred 

embodiment of the present invention; 
Figure 2 is a diagrammatic illustration of the valve 

means shown in the drilling machine embodiment of 
Figure 1; 

Figures 3, 5 and 7 are schematic illustrations of hy 
draulically powered drilling machines, each of which 
embodies other modifications of the control system of the 
present invention; 

Figure 4 is a diagrammatic illustration of the valve 
means shown in the drilling machine embodiment of 
Figure 3; 

Figure 6 is a diagrammatic illustration of the valve 
means shown in the drilling machine embodiment of Figure 5; 

Figure 8 is a diagrammatic illustration of the valve 
means shown in the drilling machine embodiment of 
Figure 7; and 

Figure 9 is a diagrammatic illustration of a hydrau 
lically powered continuous mining machine employing 
the control system of the present invention. 
Throughout the drawings, like numbers are employed 

to indicate corresponding elements of the drilling ma 
chine. 

The prior art 

Rotary hydraulic drilling machines as used in under 
ground mining operations comprise a transportable frame 
upon which is mounted supporting structure for a drill 
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ing auger. The auger is caused to rotate by means of 
a primary hydraulic motor which may be of the piston, 
Vane, gear or rotor type. The auger is caused to move 
longitudinally by secondary hydraulic means, for exam 
ple, a hydraulic ram having a cylinder and piston. Other 
Suitable hydraulic advance devices include a secondary 
hydraulic motor having a chain and sprocket drive or 
a rope and Shive drive or a rack and pinion drive. 
Longitudinal movement of the auger effects both ad 
vancement into a drill hole and retraction from the 
drilled hole. Each of the two principal hydraulic cir 
cuits has an independent control for the flow of hydrau 
lic fluid. 

In the present invention the two principal hydraulic 
circuits are coordinated through a direct hydraulic con 
nection whereby the resistance to rotation encountered 
by the auger determines the rate of advance of the 
auger. In various modifications of the present inven 
tion, the flow of hydraulic fluid to the advancing circuit 
is throttled, short-circuited or divided in response to the 
fluid pressure in the rotating motor circuit. The pres 
sure of the hydraulic fluid in the feed conduit leading 
to the primary rotating motor increases when the re 
sistance encountered by the auger increases; hence by re 
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ducing the flow of hydraulic fluid to the secondary ad 
vancing circuit when high pressures are developed in the 
primary rotating motor feed conduit, the rate of ad 
vance of the auger is automatically reduced below nor 
mal speed under conditions of high drilling resistance. 

Preferred embodiment 
The preferred embodiment of the present invention is 

shown in Figure 1 which is a schematic illustration of 
the essential features of existing hydraulic drilling ma 
chines. Throughout the drawings, corresponding num 
erals are used to indicate corresponding elements. In 
the drilling machine shown in Figure 1, an auger i0, 
tipped with a cutting bit (not shown), is caused to 
rotate by means of a primary hydraulic motor 12 which 
is mechanically associated with the auger shaft in any 
convenient manner such as gearing, chains, belts, direct 
drive, and the like. The motor 12 is powered by hy 
draulic fluid from a continuously operating pump 14 
which receives fluid from a reservoir 18 through con 
duit 16 and delivers pressurized fluid through conduit 
20 to the motor 12. Low pressure fluid is returned from 
the motor 12 through conduit 22 to the reservoir 18. 
Joining conduits 20 and 22 is a safety relief conduit 
24 having a relief valve 26 adapted to open when pre 
determined excessive pressures develop in the fluid con 
duit 20. A by-pass conduit 28 having a manually oper 
ated valve 30 is provided between the conduits 20 and 
22. With the valve 30 closed, the pump 14 sends hy 
draulic fluid under pressure to the motor 12 to effect 
rotational motion. With the valve 30 open, the fluid from 
the pump 14 passes through the conduit 28 and returns 
directly to the reservoir 18 for recirculation. Thus the 
valve 30 in effect is an on-off control for the rotational 
motion of the motor 12. - - 
Advancement and retraction of the auger is effected 

(in this illustration) by a hydraulic ram comprising a 
cylinder 32 having a closely fitting, reciprocable piston 
34 connected with a shaft 36 which determines the posi 
tion of the auger with respect to the supporting struc 
ture. In some drilling machines the shaft 36 is joined 
to the supporting structure while the cylinder 32 is 
mechanically associated with the auger; in other machines 
the cylinder is affixed to the supporting structure while 
the piston is associated with the auger. The hydraulic 
ram is powered by hydraulic fluid from pump 48 which 
receives fluid through condit 50 from the reservoir 18 
and delivers fluid under pressure through conduit 52 
and appropriate valving to the hydraulic ram. A two 
position, four-port reversing valve 40 is shown for illus 
trative purposes. Hydraulic fluid under pressure in con 
duit 52 passes through the valve 40 as shown in Figure 1 
and enters the cylinder chamber 38 through conduit 42, 
causing the piston 34 to move to the right. The hydrau 
lic fluid in the cylinder chamber 44 behind the piston re 
turns to the reservoir 18 through conduit 46, valve 40 
and conduit 54. As in the rotating motor circuit, a 
safety relief conduit 56 with a relief valve 58 is pro 
vided to eliminate excessive pressures in the conduit 52. 
Also as in the motor circuit a by-pass conduit 60 hav 
ing a manually operated valve 62 is provided between 
the conduits 52 and 54 for short-circuiting the hydrau 
lic fluid from the pump 48 away from the cylinder 32. 
The valve 62 affords manual on-off control of the hy 
draulic advance means. - - - 

In its alternate position the valve 40 joins coiiduit 
52 with conduit 46 for feeding hydraulic fluid into 
chamber 44 to retract the auger; simultaneously the 
valve 40 joins conduit 42 with conduit 54 for retirning 
hydraulic fluid from the chamber 38 to the reservoir 18 
duringauger retraction. w 
With both pumps 14 and 48 operating continuously, 

and the valves 30 and 62 in an open position, there is 
neither rotation nor longitudinal movement in the auger. 
Having its auger in a retracted position, the drilling ma 
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4. 
chine is moved to a selected drill hole site and the auger 
10 is aligned for drilling. The valve 30 is closed to com 
mence rotation of the motor 12 and the auger 10. The 
valve 62 is closed to cause the drill to advance into the 
working face for drilling the hole. The maximum rate 
of advance of the auger 10 is determined by the capacity 
of the pump 48. Throughout the drilling operation, 
when the machine operator observes signs of increased 
drilling resistance, he instantly opens the valve 62 to 
prevent stalling of the rotational motor 12 through ex 
cessive loads on the drill bit. If the operator success 
fully opens the valve 62 at the instant drilling difficulties 
are encountered, the advance of the auger is stopped and 
the auger rotation without the advance pressure permits 
the auger to drill itself free. Thereupon, to avoid un 
necessary and nonproductive free rotation, the operator 
must immediately sense the removal of the difficulty 
and close the valve 62 to permit the auger to advance 
once more at its normal speed. Where the area of high 
drilling resistance extends through a considerable dis 
tance, the operator must repeatedly open and close the 
valve 62 in order that the advance of the auger does not 
exceed the cutting capacity of the drill bit. These in 
tervals of free rotation of the auger are not only non 
productive machine time, but also are destructive to 
the auger bits which are subjected to serious abrasive 
conditions when freely rotating rather than cutting; hence 
the auger bits have a shortened useful life and must 
be replaced with undue frequency. Nevertheless, with 
out the required free rotation, auger bits may be broken 
through excessive stresses, or the primary hydraulic rotat 
ing motors may be stalled. 

In the preferred embodiment of the present invention 
a by-pass conduit 102 having a valve 100 is provided be 
tween the hydraulic cylinder feed conduit 52 and the cyl 
inder return conduit 54. The valve 100 is biased in a 
normal position in which hydraulic fluid can pass there 
through only if the pressure in conduit 52 exceeds the 
predetermined bias of the valve. A pressure tap conduit 
110 joins the primary hydraulic circuit feed conduit 
20 with the operating piston chamber of the valve 100. 
The valve 100, shown in greater detail in Figure 2, 

comprises a cylinder 112, a lateral port 108, an internal 
bore 114 and threaded axial ports 16 and 118. Ex 
tending into the cylinder is a sleeve 120 having internal 
threads 122 and external threads 124 at one end. The 
external threads 124 engage the internal threads 118 of 
the cylinder 112. The internal threads 122 engage the 
external threads 126 of a valve seat insert 128 having 
a bore 104 which joins with conduit 102. A cup-piston 
130, having an internal bore 132 which forms a surface 
slidably engaging the outside wall of the sleeve 120, has 
an external surface which slidably engages the bore 
114 of the valve cylinder 112. A port. 131 extends 
through the head of the piston 130. Grooves 134 are 
provided in the sleeve 120 for receiving sealing rings to 
effect a tight seal between the piston bore 132 and the 
sleeve 120. Similarly grooves 136 are provided in the 
piston 130 to receive sealing rings to effect a fight Seal 
between the piston and the bore 114 of the cylinder 12. 
A reducing nipple 138 is provided with exterial threads 
140 to engage the internal threads 116 of the cylinder 
112. An axial bore 142 runs through the nipple 138. 
Threads 144 are provided in the port 106 to engage the 
conduit 102. - 
A spring 146 is positioned in the chamber 148 formed 

by the cylinder bore 114, the fipple 138 and the piston 
130. The compression of the 'spring 146 is adjusted by 
turning the nipple 138. A second spring 50 is posi 
tioned in the chamber 152 within the sleeve 120. A ball 
154, having a diameter greater than the bore of the valve 
seat insert 128, rests in a valve seat 129 of the insert 128. 
A cap member 156 conforms to the shape of the ball 
154 and engages the ball. The spring 150 is compressed 
between the piston 130 and the cap member 156. The 
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compression of the spring 150 is adjusted by threading 
the valve seat insert 128. 
The piston 130, therefore, is maintained in a normal 

position which is determined by the relative compres 
sion of the springs 146 and 150. The downward move 
ment of the piston 130 is limited, of course, by the upper 
lip of the sleeve 120, and, as shown in Figure 2, the 
piston is in its lowest possible position. An annular 
chamber 158 is formed by the bore 114 of the cylinder, 
the external surface of the sleeve 120, the bottom of the 
piston 130, and the bottom closure of cylinder 112. 
The chamber 158 communicates through the port 108 
with the conduit 110 which transfers the pressure of the 
primary rotational motor feed oil conduit. 
The valve 100, when installed in a drilling machine, 

acts as a pressure relief valve for venting excess hydrau 
lic pressures from the feed conduit 52. The valve 100 
is biased to permit the flow of hydraulic fluid past the 
ball 154 when there is no hydraulic pressure in the pri 
mary feed conduit 20, to limit the maximum pressure 
which can develop in the conduit 52, and hence to limit 
the maximum advance force which can be developed 
within the hydraulic ram 32. Thus, when the primary 
rotational hydraulic motor is encountering little or no 
resistance, the pressure transmitted through the conduit 
110 from the primary motor feed conduit 20 is insuffi 
cient to overcome the resistance of the biasing spring 
146, and the valve 00 acts merely as a pressure relief 
valve for the conduit 52. 
The vented hydraulic fluid from conduit 52 passes the 

ball 154 into the chamber 152, through the port 131, 
into the chamber 148, through the bore 142, the port 
106 and into the conduit 102 whence it is returned by 
conduit 54 to the oil reservoir 18. This normal pres 
sure setting is determined by the compression of spring 
150 when the piston 130 is in the position shown in 
Figure 2. 
When the pressure in the conduit 20 exceeds a pre 

determined maximum value, the transmitted pressure 
through conduit i9 moves the cup piston i30 against 
the biasing spring 146, thereby reducing the compression 
in the valve spring 150. With less compressive force 
acting against the ball 154, the relief setting of the valve 
100 is reduced so that under these conditions the maxi 
mum pressure which can be developed in the conduit 52 
is less than that when there is no load on the primary 
rotating motor. 
Should the auger resistance return to a low value, the 

pressure in the conduit 20 is again reduced and the 
biasing spring 146 again restores the cup piston 130 to 
a position in which the compression of the spring 150 
is increased toward its maximum value. 
Under usual operating conditions, the hydraulic pump 

48, which supplies hydraulic fluid to the auger advance 
circuit, will have sufficient capacity to provide hydraulic 
fluid at a rate corresponding to the maximum design 
rate of advance and under sufficient pressure to provide 
the maximum design advance force upon the auger. 
Thus, under usual operating conditions, some hydraulic 
fluid will be passing through the valve 100 from the 
conduit 52 at all times. 
The present modification, of course, is not limited by 

the mechanical features of the valve described and illus 
trated in Figures 1 and 2. Any hydraulic pressure relief 
valve which has a relief setting adapted to respond in 
versely to a secondary hydraulic pressure may be em 
ployed in the by-pass conduit. 
One of the outstanding advantages of this modification 

of the present invention is that the hydraulic fluid in the 
cylinder 32 can return through the valve 100 to relieve 
the pressure acting against the piston 34 when the auger 
is under heavy stresses. 

Additional advantages of the present invention can be 
described now that its operation is understood. In addi 
tion to providing automatic control of the rate of ad 
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6 
vance in response to drilling resistance, the present in 
vention provides an automatic control over the rate of 
advance as limited by clogging of the drilled material 
in the flights of the auger shaft. 
When drill bits become dulled through use, their cut 

ting capacity is reduced. Since prior machines were 
controlled manually, the operator had no way of know 
ing when drill bits had become dulled; by continuing to 
use the drilling machine at the normal rate when the bits 
had become dulled, the operator placed undue loads 
upon the machine, usually stalling the hydraulic motors. 
With the present invention, however, the problem of 
dulled bits is eliminated. The load on the machine is 
maintained automatically at the design torque regardless 
of whether the bits are sharp or dull. With dulled bits, 
the rate of auger advance is automatically reduced. 
When the operator observes that the drilling operation 
is carried out at a substantially reduced rate, he has an 
indication that the drill bits have become dulled and 
should be replaced. This also eliminates the practice of 
replacing bits periodically without regard to their condi 
tion. With the present invention, the operator knows 
when the bits are dull and needs to replace them only 
when the drilling rate of the machine is reduced thereby. 

Modification of Figure 3 
The embodiment of the present invention shown in 

Figure 3 provides a valve 200 in the hydraulic cylinder 
feed conduit 52 for throttling the flow of fluid in re 
sponse to the pressure existing in the rotating motor feed 
conduit 20. The valve 200 is of the spring loaded piston 
type (for illustration) and, as shown in Figure 4, com 
prises a cylinder 202, a bore 204 and a threaded axial 
pressure port 206 at one end and a threaded axial valve 
seat opening 208 at the other end. A lateral port 210 
is provided to receive hydraulic oil being pumped from 
the oil pump 48. A plunger 212, having a piston end 
214, a shaft 216 and a valve head 28, is slidably posi 
tioned in the bore 204. Grooves 220 are provided in 
the piston wall for receiving sealing rings 222 which are 
preferably O rings or similar sealing material to effect a 
tight seal between the piston walls and the cylinder bore. 
A valve seat insert 224 having external threading 226 
which engages the valve port threading 208, has an in 
ternal bore 228 with a valve seat 230 corresponding to 
the valve head 28. A spring 232 is positioned in the 
annular space between the shaft 216 and the cylinder 
bore 204. The spring is seated against the valve seat 
insert 224 and the piston 214. By proper threading 
adjustment of the valve seat insert 224, the compression 
of the spring 232 against the piston 214 can be main 
tained at a desired predetermined value. A conduit 236, 
communicating with the feed oil conduit 20 of the rota 
tional motor circuit, communicates at the threaded axial 
pressure port 206 with a chamber 238 within the valve 
cylinder behind the piston 24. Conduit 52, carrying 
pumped oil from the hydraulic ram pump 48, communi 
cates at the port 210 with the annular chamber formed 
within the valve between the bore 204 and the shaft 216. 
Conduit 52', carrying pumped oil to the hydraulic ram, 
communicates with one port of the four-way valve 40 
and also with the bore 228 of the valve seat insert 224. 
With hydraulic fluid in the rotational circuit flowing 

through the conduit 20, the pressure within the conduit 
20 is transmitted through conduit 236 against the head 
of the piston 24. The compression of the spring 232 
opposes the hydraulic pressure against the piston and 
biases the valve seat 218 in a normal position out of 
contact with the valve seat receiver 224. Oil flowing to 
the hydraulic ram 32, passes through conduit 52, port 
210, the annular space between the valve cylinder bore 
204 and the shaft 22, through the bore 228 and the 
conduit 52 to the reversing valve 40. Hydraulic ram 
fluid will continue to flow through the valve 200 until the 
pressure in conduit 20 exceeds the normal pressure which 
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balances the compression of the spring 232. With pres 
sires in the conduit 20 exceeding normal, the piston 214 
is forced against the spring 232, reducing the area of flow 
available to the hydraulic ram fluid, thereby throttling 
the flow of hydraulic ratin oil. With even higher pres 
sures developing in conduit 20, the valve head 218 will 
be forced into contact with the valve seat 230 to cut of completely the flow of oil through the valve 200 to the 
hydraulic ram 32. When the rotating auger 10 has been 
freed of the resistance which increased its stress, the 
pressure in conduit 20 will be restored to normal and the 
spring 232 will force the piston 214 back against the 
reduced pressure, thereby restoring the full normal flow 
area to the hydraulic rain fluid within the valve 200. 
The method of control illustrated in the modification 

of Figure 3 is not limited to the mechanical features of 
the valve 200. Any normally open hydraulic fluid valve 
may be used if adapted to reduce the flow orifice in 
response to increased pressures from a primary hydraulic 
fluid circuit. 

Modification of Figure 5 
A third embodiment of the present invention is illus 

trated and described in connection with Figures 5 and 6. 
A valve, generally indicated by numeral 300, is provided 
in the conduit 52. The valve 300 is of the sliding spool 
type, having a spool. 302 slidably fitted within a valve 
casing 304. The spool. 302 comprises two piston ends 
366 and 308 having grooves 310 and 312 for receiving 
sealing rings to provide a tight seal betwen the valve 
pistoris and the bore 314 of the valve casing 304. A 
shaft 316, having a diameter less than that of the valve 
casing bore 314, joins the two valve pistons 306 and 308 
to provide a chamber 318 for hydraulic fluid. Three 
ports are provided through the valve casing 304; the port : 
320 joins the conduit 52 with the chamber 318; the port 
322 joins the chamber 318 with the conduit 52; and the 
port 324 joins the chamber 318 with a hydraulic by-pass 
condit 326 which communicates with the hydraulic fluid 
return conduit 54. Another valve chamber 328 is pro 
vided between the head of valve piston 308, the casing 
bore 314 and a threaded plug 330, adapted to seal the 
end of the valve casing bore 314. A port 332 is pro 
vided in the plug 330 to provide communication between 
the chamber 328 and a conduit 334 communicating with 
the rotating motor feed line 20. At the opposite end of 
the valve casing 304, a second threaded plug 336 is 
provided to seal the valve casing bore 314. A third 
valve chamber 338 is formed by the head of the valve 
piston 306, the casing bore 314 and the plug 336. A 
port 340 in the plug 336 joins the chamber 338 with a 
conduit 342 communicating with the hydraulic fluid 
return conduit 54. A spring 344 is provided in the 
chamber 338 under compression between the plug 336 
and the head of the valve piston 306. In normal posi 
tion, the spring 344 urges the spool. 302 away from the 
plug 336 so that the port 324 is sealed from the chamber 
318 by the valve piston 306, whereas the piston 308 is 
out of engagement with the port 322 whereby open 
communication between ports 320 and 322 is provided ( 
through the annular chamber 318. 
When the valve means 300 is installed in a drilling 

inachine under normal operating conditions, hydraulic 
fluid flows from the pump 48 through conduit 52, port 
320, chamber 318, port 322 and conduit 52 to operate 
the hydraulic ram 32. However when the auger bit 10 
encounters resistance, the back pressure in the hydraulic 
feed conduit 20 is transmitted through conduit 334 and 
port 332 to the chamber 328 where it acts against the 
head of the valve piston 308, causing the spool to ad 
vance against the spring 344. The movement of the 
spool. 302 opens the port 324 and partially closes the 
port 322 whereby the flow of hydraulic fluid in conduit 
52 is throttled between the hydraulic ram conduit 52 
aid the by-pass conduit 326. When the resistance to 

- 8 

rotation diffinishes, the reduced pressure in the chamber 
328 is overcome by the compression force of the spring 
344 and the valve spool. 302 returns to normal position, 
thereby restofing the normal rate of auger advance in 
the hydraulie ram. 
As an additional feature, a narrow neck 346 may be 

provided in the inner wall of the valve casing to lirit 
the sliding range of the valve spool. 302. When this 
narrow neck is provided, one of the pistons may be 
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threaded otito the shaft 316 as indicated by the threads 
348. A jana inlit 349 may be used to lock the piston to 
the shaft. The plug 336 is provided with external threads 
350 which engage threads 352 in the valve casing to se 
cure the connection and permit adjustment of the com 
pression of the spring 344. Excess hydraulic oil in the 
chamber 338 is vented through the port 340 and conduit 
342 to avoid hydraulic resistance to the free movement 
of the spool 362. 

Modification of Figure 7 

A fourth embodiment of the present invention is ill 
lustrated and described in connection with Figures 7 and 
8. Valve means indicated generally by the numeral 400 
are provided in the hydraulic conduit 52. The valve 
means 400 comprises a cylindrical valve casing 402 hav 
ing four different bores, 404, 406, 408, and 410. A valve 
piston indicated generally by numeral 412 is provided 
with a spring engaging head 414 having a diameter less 
than the valve bore 404. Ashank portion 416 of the 
valve piston 412, adapted to engage the valve bore 406, 
is provided with grooves 418 for receiving sealing rings 
to provide a tight seal between the shank 416 and the 
bore 406. A 'shaft 420, adapted to engage the bore 
408, also is provided with grooves 422 for receiving seal 
ing rings to provide a tight seal between the shaft 420 
and the bore 408. A valve head 424 is provided at the 
end of the shaft 420 to engage a valve seat 425 which 
is axially positioned in a valve seat insert 426, threaded 
into the valve casing. A chamber 428 is formed in the 
valve casing between the bore 410 and the shaft 420. 
Communicating with the chamber 428 are three valve 
ports: the port 430 joins conduit 52 with the cham 
ber 428; the port 432 joins the chamber 428 with the 
conduit. 52; the port 434 joins the chamber 428 with 
a conduit 436 communicating with the hydraulic fluid 
return conduit 54. 
An annular chamber 438 is formed between the valve 

bore 406 and the shaft 420. One port 440 joins the 
chamber 438 with the conduit 442 communicating with 
the feed conduit 20 of the rotational motor 12. A 
chamber 444 is formed by the valve bore 404, the piston 
head 414 and a threaded plug 446 which is secured 
in the casing by threads 448. A spring 450 is provided 
in the chamber 444 under compression between the plug 
446 and the piston head 414. In normal position, the 
piston, as shown in Figure 8, is urged towards the annua 
lar lip at the bottom of the chamber 444 by the corn 
pressive force of the spring 450, whereby the valve head 
424 engages the valve seat 425 to seal the port 434. 
Under normal conditions, hydraulic fluid from the pump 
48 passes through the conduit 52 and the port 432 into 
the annular chamber 428, through the port 430 into the 
conduit 52' to operate the hydraulic ram 32. 
When the auger 10 encounters increased resistance, 

the pressure in the hydraulic fluid feed conduit 20 is 
transmitted through the conduit 442 and the valve port 
44 into the annular chamber 438 where it acts against 
the shank 416 to urge the valve piston 412 upwardly 
against the biasing spring 450. 
When the valve piston is forced upwardly, the valve 

head 424 is disengaged from the valve seat 425 to open 
the valve port 434 and permit the hydraulic fluid from 
the conduit 52 to be divided between the conduits 436 
and 52: Since there is substantially no resistance to 
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the flow of fluid through the conduit 436, the bulk of 
the hydraulic fluid will by-pass the hydraulic ram cir 
cuit. When the resistance to rotation is diminished, the 
pressure in conduit 20 is reduced together with the pres 
sure acting in the chamber 438; the compressive force 
of the spring 450 once more forces the valve piston to 
its normal position, wherein the port 434 is closed and 
the fluid in conduit 52 passes to the hydraulic ram cir 
cuit once more. 
The compressive force of the spring 450 can be ad 

justed by a threaded adjustment of the nipple 446. A 
port 452 is provided in the nipple 446 to permit hy 
draulic oil to leave the chamber 444 through conduit 
454 which communicates with the hydraulic fluid re 
turn conduit 54. The engagement of the valve head 
424 with the valve seat 425 can be adjusted by the 
threaded connection between the insert 426 and the valve 
casing. 

This modification of the present invention has the 
added advantage that the conduit between the hydraulic 
pump 48 and the hydraulic ram is at all times unob 
structed. Hence, even when the by-pass conduit 436 
is opened as the result of increased pressures in the ro 
tation motor circuit, the passage between the valve 400 
and the hydraulic ram is opened so that undesirable liq 
uid pressures in the hydraulic ram can be relieved 
through the conduit 436. 
When hydraulic drilling apparatus has its hydraulic 

circuits integrated in accordance with the present in 
vention, the auger automatically operates at its maxi 
mum torque. The auger is advanced at the maximum 
rate consistent with the cutting load encountered by the 
bit. Guesswork on the part of the machine operator 
is eliminated; stalling of the hydraulic fluid motors is 
avoided; excessive stresses are prevented from develop 
ing in the System. The machine can be used without 
regard to the drilling load to be encountered since 
the machine itself responds instantly to variations in 
cutting resistance. 
The machine is responsive to increased resistance 

whether resulting from encountering a hard, dense ma 
terial or from the clogging of the auger flights with 
drilled material. Furthermore the machine automati 
cally adjusts its drilling operation according to the sharp 
ness and ability to cut off the drill bits. 
When converting existing drilling machines in accord 

ance with the present invention, care should be exer 
cised that the hydraulic fluid supply reservoir is suffi 
sciently large to prevent overheating of the fluid through 
the high pressure drop encountered by the fluid in the 
rapidly moving automatic control valves. 

In adapting the present invention to existing mining 
machines, the particular valve selected as the control 
device may respond too rapidly to momentary changes 
in drilling resistance with the result that the drill ad 
vances in sporadic movements which can harm the equip 
ment. To prevent too rapid fluctuations of the rate of 
auger advance, dampening devices may be inserted in 
the hydraulic conduit which transfers the pressure from 
the primary hydraulic circuit to the control valve in the 
secondary hydraulic circuit. Typical dampening appa 
ratus is illustrated in the transfer conduit of Figure 1. A 
restricted orifice 170 is installed in the main pressure 
tap conduit 110. A by-pass conduit 172 having a check 
valve 174 is installed in parallel relation to the restricted 
orifice 170. The check valve 174 permits hydraulic fluid 
to move through the conduit 172 only from the primary 
hydraulic circuit toward the valve 100. The restricted 
orifice 170 permits hydraulic fluid to flow freely in either 
direction, but at a slow rate. 

Thus, when the pressure in the primary hydraulic cir 
cuit increases, hydraulic fluid can flow instantaneously 
through the by-pass conduit 172 and the check valve 74 
as well as through the restricted orifice 170, to operate 
the valve 100. When the pressure in the primary hy 
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10 
draulic circuit diminishes, the fluid which has been forced 
into the valve 100 can return to the primary circuit only 
through the restricted orifice 170 since the alternate 
path through conduit 172 permits the flow of fluids only in 
the opposite direction. Thus, the valve 100 does not re 
turn instantaneously to a new position upon reduction 
of the pressure in the primary hydraulic circuit; instead 
the restoration of the valve 100 is gradual so that the 
restoration of pressure in the auger advance circuit is 
correspondingly gradual, whereby sporadic motion of 
the auger is avoided. 

Other types of dampening apparatus than shown in 
Figure 1 may be employed in the conduit 110. 
Another interesting application of the present inven 

tion is to the field of continuous mining machines which 
also have two independent movements powered by in 
dependent hydraulic circuits. The cutting operation nor 
mally is effected by means of one or more rotating cut 
ter bars or by means of an endless chain fitted with cut 
ter bits moving around two drums. The advance motion 
in cutting machines usually is effected by moving the 
entire mining machine forward by means of its endless 
treads or conventional wheels. Where the advance mo 
tion is powered by a hydraulic motor, the present inven 
tion is applicable to continuous mining machines. 

In continuous mining the advance of the machine is 
limited by the capacity of the cutting tools to remove 
coal from the working face. With the present invention, 
the rotating cutting tools can be operated by hydraulic 
motors which at all times are developing a torque just 
short of their maximum design torque. 
The control valves of the present invention are installed 

in the advancing hydraulic circuits of the continuous min 
ing machines and operate in response to pressure loads of 
the hydraulic circuit controlling the cutting tools. Since 
the machine is self-regulating, relatively inexperienced 
personnel can operate the machine at maximum efficiency 
without the danger of stalling the hydraulic motors and 
without the danger of breaking or unnecessarily abrading 
the cutter bits. When the cutter bits become dulled 
through use, the machine itself adapts its rate of advance 
into the working face to compensate for the diminished 
cutting capacity of the cutter tools. 
The use of this invention in continuous mining ma 

chines is briefly illustrated in Figure 9 which is a sche 
matic drawing of a typical continuous mining machine 
having hydraulic power units for both the cutting opera 
tion and the advance operation. The continuous mining 
machine, generally indicated by the numeral 500, has a 
cutter head 561 and is mounted upon endless treads 502. 
The cutter head may be of the revolving drum and cutter 
chain type, the rotating cutter arm type, or any other 
type which employs a rotary motion to effect cutting at 
the working face. The endless treads indicated in the 
drawing could be replaced with ordinary wheels. A hy 
draulic pump 563 is provided to supply hydraulic fluid 
from a reservoir 504 and a conduit 505 through a feed 
conduit 506 to a hydraulic motor 507 which powers the 
cutter head 50. Hydraulic fluid from the motor 507 
returns to the reservoir for reuse through the conduit 598. 
A pressure relief conduit and valve 509 and an on-off by 
pass conduit and valve 510 are provided for the same 
purpose as those shown in Figure 1. 
A hydraulic pump 5.1 supplies hydraulic fluid from the 

reservoir 504 and the conduit 512 through the conduit 
513 to a hydraulic motor 514 which powers the endless 
tread movement. Hydraulic fluid from the motor 514 
returns to the reservoir for reuse through the conduit 515. 
A relief conduit and valve 517 and an on-off by-pass con 
duit and valve 516 are provided for the same purpose as 
those shown in Figure 1. 
An additional by-pass conduit 518 is provided between 

the feed conduit 513 for the hydraulic advancing motor 
514 and the return conduit 515. A pressure relief valve 
519 of the type shown and described in Figure 2 is pror, 
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vided in the cofideit 518 to relieve excess hydraulic fluid 
from the condit 513. A. pressure-tap conduit: 520 pFos 
vides hydráulic 66mmunication between the primary hy 
draulic feed circuit at conduit 506 and the operating port 
of the valve 5E9. The pressure transmitted through the: 
pressure tap condeiti 520 serves tol, regulate the relief set 
tirig of the pressure relief valve: 519 as described in cons 
rection with the valve shown in Figure 2. 
When the machine is moved through mine passage ways 

with its cutter head not operating, po pressure is exerted 
through conduit 520 and hence the valve 51.9 permits 
maximum pressure to be developed in the advancing cir 
cuit through conduit 513; accordingly the continuous 
mining machine can be rioved rapidly on its endless 
fireads through the mine. However, when the continuous 
minisig rhachine is eagaged with the working surface and 
the cutter head set into operation, the rate of advance is 
attomatically limited by the resistance to cutting en 
cotaintered by the cutter head. Accordingly the maximum 
cutting torque is developed by the mining machine at all 
times dring the working motion, yet the maximum 
torque is never exceeded. Hence protective shear pins 
are not broken, nor is the machine subjected to thermal 
overloading of its electrical circuits. Since the opera 
tor is not required to control the advance motion of the 
continueus mining machine, the normally sporadic and 
inefficient advance resulting from manual operation is 
avoided. According to the provisions of the patent statutes, I 
fiave explained the principle, preferred construction, and 
mode of operation of my inventions and have illustrated 
and described what, now consider to represent its best 
embodiment. However, I desire to have it understood 
that, within the scope of the appended claims, the: in 
vention may be practiced otherwise than as: specifically 
illustrated and described. 

1. In a machine having a primary fluid motor with a 
primary fluid-feed conduit receiving hydraulic fluid fromia 
primary source and a secondary fluid notor with: a sec 
ondary fluid feed conduit receiving hydraulic fluid from: 
a secondary source, the improved hydraulic circuit com 
prising in combination a by-pass fluid conduit providing 
a fluid path from said secondary fiuid feed conduit cir 
cumventing said secondary fluid motor, valve means hav 
ing an inlet associated with said secondary fluid feed. 
conduit and an outlet associated with said by-pass fluid 
conduit, resiliently biased sealing means within said valve 
means for sealing said outlet to prevent fiew of fluid. 
from said secondary fluid...feed conduit through said by 
pass conduit, operating: means associated with said valve 
means and responsive to a fluid pressure impressed there 
on for opposing the bias of said sealing means whereby 
said outlet is opened to admits fluid from said secondary. 
fluid feed conduit. into said by-pass conduit, a fluid con 
trol conduit between said primary fluid feed conduit and 
said operating means for impressing the fluid pressure of 
said primary fluid feed conduit on said operating means, 
and dampening means in said fluid control conduit be 
tween said primary fluid feed conduit and said operating 
means: providing unrestricted flow of fluid from said 
primary fluid feed conduit and a restricted-flow offluid in 
the reverse direction. 

2. In a control system for a hydraulically operated 
machine operable to both rotate and advance a-working 
element the combination comprising, a fluid pressure 
actuated. implement rotating: metor and a fluid pressure 
actuated implement advancing: motor, a first source of 
fluid under a predetermined fixed constant pressure op 
erable to actuate said implement rotating motor, a sec 
ond and separate source of fluid under a predetermined 
fixed constant pressure operable to actuate said imple 
ment advancing motor, a first circuit connecting said first 
source of fluid.: under. pressure witi said implement 
rotating motor, a second circuit connecting said second 
source: of fluid under pressure with said implement ad 
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2 
vancing motor, said second circuit including a by-pass: 
conduit operable to by-pass fluid around said implement: 
advancing motor to thereby reduce said working element. 
rate of advance, flow control means positioned in said: 
by-pass circuit, said flow control means including: 
mechanical means biasing a valve means toward a closed 
position, said flow control means having a fluid pressure: 
responsive means to urge said valve means toward an 
open position, and conduit means connecting said fluid. 
pressure responsive, means with said first circuit between 
said first source of fluid under pressure and said imple: 
ment rotating motor so that control of said flow control 
means in said second circuit by-pass conduit is dependent 
upon pressure of the fluid on the inlet side of said in 
plement rotating motor. 

3. In a control system for a hydraulically operated mas 
chine operable to both rotate and advance a working 
element the combination comprising, a fluid pressure. 
actuated implement rotating motor and a fluid-pressure 
actuated. implement advancing motor, a first source of 
fluid under a predetermined fixed constant pressure 
operable to actuate said implement rotating motor, a 
second- and separate source of fluid under a predetermined 
fixed constaat pressure operable to actuate said imple 
ment advancing motor, a first circuit connecting said 
first source of fluid under pressure with said implement 
rotating motor, a second circuit connecting said Second 
source of fluid under pressure with said implement ad 
vancing. motor, said second circuit, including a by-pass 
conduit operable to by-pass, fluid around said implement 
advancing motor to thereby reduce said working element 
rate of advance, flow control means positioned in said 
by-pass circuit, said: flow control, means including 
mechanical means' biasing a valve means toward a closed 
position, said flow control means having a fluid pressure. 
responsive means to urge said valve means toward an 
open position, conduit means connecting said fluid pres 
sure responsive means with said first circuit between said 
first source of fluid under pressure and said implement 
rotating motor so that control of said flow control means 
in said second circuit by-pass conduit is dependent upon 
pressure of the fluid on the inlet side of said implement 
rotating motor, and dampening means in said conduit 
means between said first circuit and said flow control means, said dampening means constructed and arranged 
to provide unrestricted flow of fluid from said first cir 
cuit and a restricted flow of fliid in the reverse direction. 
4. In a control system for a hydraulically operated.mar 

chine operable to both rotate and advance a working ele 
ment the combination comprising a fluid pressure actuated 
implement rotating motor and a fluid pressure actuated. 
implement advancing. motor, a first source of fluid 
under a predetermined fixed constant pressure operable 
to actuate said implement motor, a secoid and separate 
source of fluid under a predetermined fixed constant pres 
sure operable to actuate said implement advancing: motor, 
a first circuit connecting said first source of fluid under 
pressure with said implement rotating motor, a second 
circuit connecting said second source of fluid under pres 
sure with said implement advancing motor, said second 
circuit including a by-pass conduit operable to by-pass. 
fluid around said implement advancing motor to: thereby 
reduce said working- element rate of advance, flow con 
trol means positioned in said by-pass circuit, said flow 
control means having a housing with an inlet port asso 
ciated with said second circuit and an outlet port asso 
ciated with said-by-pass conduit, valve means positioned 
within said housing for-controlling flow therethrough, re 
silient means biasing said valve means toward a closed 
position, fluid pressure responsive means operable to 
oppose the bias- of said resilient means to thereby move 
said valve means toward an open position, and conduit 
means: connecting said fluid pressure responsive means 
with said first circuit between said first source of fluid 
under pressure and said implement rotating motor so 
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that control of said flow control means in said second 
circuit by-pass conduit is dependent upon pressure of the 
fluid on the inlet side of said implement rotating motor. 
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