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57 ABSTRACT 
A force applicator comprises a mandrel to be con 
nected to a rotary drilling machine, a piston on the 
mandrel, a cylinder around the piston, a spline con 
necting the mandrel and cylinder, and two earth bore 
engageable releasable anchor means, one of the an 
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chor means being connected to the mandrel and the 
other to the cylinder. The mandrel is tubular to supply 
pressure fluid to the drilling machine and to the piston 
and cylinder for applying axial force to the mandrel. 
Suitable control means enables the operator to release 
the mandrel anchor means and set the cyliner anchor 
means and apply pressure fluid to the outer face of the 
piston to press the mandrel in toward the end of the 
hole being drilled or apply pressure fluid to the inner 
face of the piston to withdraw the mandrel from the 
hole; or to release the cylinder anchor means and set 
the mandrel anchor means and apply pressure fluid to 
the inner head of the cylinder to move the cylinder 
towards the end of the hole or apply pressure fluid to 
the outer head of the cylinder to move the cylinder 
out of the hole. By this method the drill is progres 
sively advanced in the hole under force or withdrawn 
therefrom. Guide means is provided at the inner end 
of the mandrel to point the mandrel and drilling ma 
chine in the desired direction. In one embodiment the 
control means is part of the same in-hole unit as the 
rest of the force applicator and includes an automatic 
valve that automatically shifts the pressure fluid from 
one anchor means to the other and one side of the pis 
ton to the other to apply inward pressure to the man 
drel to the stroke limit of the cylinder and then apply 
inward pressure to the cylinder to reset it and then re 
peat the cycle, but no control means is available to ac 
tuate the anchor means and piston and cylinder means 
to withdraw the mandrel and cylinder. In another em 
bodiment the control means is a separate unit outside 
the hole and five flexible conduits connect the in-hole 
force applicator unit to the control means to supply 
pressure fluid to the drilling machine, to the two oppo 
site sides of the piston, and to the two anchor means. 
Special winch means are provided for the parallel con 
duits. 

45 Claims, 44 Drawing Figures 
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FORCE APPLICATOR 

CROSS-REFERENCE TO RELATED 
APPLICATION: 

This application is a continuation of prior copending 
application Ser. No. 189,844 filed Oct. 18, 1971, now 
abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to earth boring equipment and 

more particularly to a force applicator to apply axial 
force to a rotary drilling bit. 
The force applicator is particularly intended to be 

used in boring horizontal holes through coal beds a dis 
tance of up to a thousand feet to vent the formation of 
methane gas prior to the coal bed being mined. 

2. Description of the Prior Art 
Coal bed vent holes have been drilled with auger bits. 

After the hole is several hundred feet long, directional 
control difficulty is experienced. It has been suggested 
that an in-hole drilling machine such as has been em 
ployed in directional drilling of wells be employed to 
increase directional stability, but in the absence of 
gravity to load the bit it was necessary to apply axial 
force through the drill stem and hence difficulty was 
experienced in horizontal drilling. 

It is known to hydraulically load a drill bit in the ro 
tary system of drilling oil wells. This has been accom 
plished by providing the rotating mandrel that turns the 
drill bit with a fluid pressure driven piston movable axi 
ally while rotating in a cylinder that is releasably an 
chored to the side of the bore hole. When the mandrel 
reaches its limit of travel the anchor is released and 
falls by gravity to a new lowered position or the man 
drel is elevated and latched to the cylinder and then 
lowered to reposition the cylinder. This is shown in U. 
S. Pat. No. 3,088,532 issued May 7, 1963 on the appli 
cation of J. M. Kellner and No. 3,298,449 issued Jan. 
17, 1967 on the application of William S. Bachman et 
al. It is also known to provide automatic valve means 
in such apparatus as shown in U. S. Pat. No. 3,105,561 
issued Oct. 1, 1963 on the ammplication of J. M. Kell 
ner. The foregoing patents are only a few of a large 
number that have issued relative to hydraulic drill col 
lars, hydraulic bit guides, hydraulic wall anchors, hy 
draulic packers, and the like. 

SUMMARY OF THE INVENTION 

The present invention utilized to apply force to a 
mandrel which while moving axially is held against ro 
tation so as to take the torque reaction of a rotary dril 
ling machine connected to the mandrel. 
According to the invention a tubular mandrel for 

transmitting pressure fluid and axial force is provided 
with means at one end for making connection to the 
non rotating part of a rotary drilling machine. A piston 
carried by the mandrel moves in a cylinder which is 
splined to the mandrel. Fluid actuated releasable an 
chor means for engaging the bore wall are carried by 
the mandrel and cylinder respectively. Guide means is 
provided on the mandrel of the inner end thereof, that 
is, the end adjacent the drilling machine. Control 
means is provided for controlling the application of 
pressure fluid to the piston and cylinder means and to 
the anchor means as required for the desired operating 
method. 
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In one embodiment the control means includes an 

automatic valve to alternately apply pressure fluid to 
set the cylinder anchor means and, with the mandrel 
anchor means released, pressure the outward face of 
the piston, thereby to urge the mandrel inwardly, and 
then, when the limit of the stroke of the piston and cyl 
inder means is reached, to apply pressure fluid to set 
the mandrel anchor means and, with the cylinder an 
chor means released, pressure the inward cylinder head 
to move it inwardly. The mandrel is connected to its 
outer end to a string of drill pipe through which the 
pressure fluid is transmitted and by means of which the 
apparatus is pulled out of the hole when desired. This 
method of operation is semi-automatic, being auto 
matic during drilling and manual in withdrawal. 

In another embodiment five flexible hoses windable 
on a winch are substituted for the string of drill pipe, 
eliminating the time and trouble of making up and 
breaking apart the drill string when going into and com 
ing out of the hole being drilled. One of the conduits 
supplies pressure fluid through the mandrel to the dril 
ling machine. Two of the conduits supply pressure fluid 
to the opposite sides of the piston of the piston and cyl 
inder means. The other two conduits supply pressure 
fluid to the anchor means. Control means is provided 
outside the hole for selectively applying pressure fluid 
to the anchor means and to opposite sides of the piston 
and cylinder means, whereby the cylinder may be an 
chored and the mandrel pressed inward or pulled out 
ward; or the mandrel may be anchored and the cylinder 
pushed inward or outward. With this arrangement and 
by this method the drilling machine can be both pushed 
into the hole and withdrawn by the force applicator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a detailed description of preferred embodiments 
of the invention reference will now be made to the ac 
companying drawings wherein: 
FIG. 1 is a semi-schematic view showing a vertical 

section through a horizontal earth bore with apparatus 
according to the invention disposed therein shown in 
elevation; 
FIG. 2 is a schematic view illustrating an inhole ro 

tary drilling machine with which the subject invention 
may be used; 
FIGS. 3, 7, 8, 12, 13, 18, 19 and 22 together form an 

axial section through a force applicator according to 
one embodiment of the invention; 
FIGS. 4, 5, 6, 9, 14, 15, 16, 17, 20, 21 and 23 are 

transverse sections taken through the force applicator 
shown in the preceding drawings, such sections being 
taken on the planes indicated in said preceding draw 
Ings; 
FIGS. 10 and 11 are a half section and an end view 

of the gripping collet shown in FIG. 7; 
FIGS. 24, 25, 28, 30 and 31 together form an axial 

section through a force applicator according to a sec 
ond embodiment of the invention; 
FIGS. 26, 27, 29, 32, 33, 34, 35, 36, 37, 38 and 39 

are transverse sections through the force applicator 
shown in the last above referred to drawings; 
FIG. 40 is a side elevation of out-of-hole equipment 

used in conjunction with the in-hole apparatus of the 
second embodiment of the force applicator; 
FIG. 41 is a plan view of the aforesaid out-of-hole ap 

paratus; 
FIG. 42 is an end view of said out-of-hole apparatus; 



3,799,277 
3 

FIG. 43 is a schematic diagram of a pneumatic 
hydraulic circuit for control means for the apparatus; 
and 
FIG. 44 is a schematic view of automatic means use 

ful in conjunction with the control means. 
FIGS. 3 through 39 are substantially full size and to 

scale for an exemplary tool, and FIGS. 40 through 42 
are to scale. 
As is apparent from the sectioning of the drawings, 

all parts are made of steel unless otherwise indicated or 
stated. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In this patent specification, unless the context indi 
cates otherwise, the term inward is used to denote the 
axial direction toward the end of the bore hole and the 
term outward is used to denote the axial direction away 
from the bottom of the hole. 
Referring first to FIG. 1, there is shown an earth bore 

51. The term "earth' is here and in the claims used in 
a broad sense to cover all materials of which the planet 
Earth is formed; it will be understood that frequently 
the earth will be coal. At the inner end of the earth bore 
is a drill bit 53 connected to the rotary part 55 of a ro 
tary drilling machine 57. The non-rotating part 59 of 
the drilling machine is connected to mandrel anchor 
means 61. To the outer end of the mandrel anchor 
means is connected mandrel 63. 
The mandrel, which is made up of a number of tubu 

lar sections, includes a section 65 which carries a hex 
agonal upset 67 which travels inside tube 69, the latter 
having a hexagonal inner cross section. Tube 69 and 
upset 67 provide spline means 71 which allows the 
mandrel to move axially relative to tube 69 (and parts 
connected to the tube) and prevents relative rotation 
between the mandrel and the tube (and parts con 
nected to the tube). 
The tube 69 is connected to cylinder anchor means 

73, the latter being shown in set, i.e., expanded or bore 
wall engaging position, the condition when the force 
applicator is used to apply force to the drilling machine 
57. The anchor means in turn is connected to the ex 
tension 75 of cylinder 77. The mandrel 63 continues on 
from the spline section 65 thereof through cylinder an 
chor means 73, cylinder extension 75, into cylinder 77 
where its piston rod section 79 is provided with a piston 
81. Piston 81 reciprocates in cylinder 77 and together 
the piston and cylinder form piston and cylinder means 
83. Within cylinder extension 75 is disposed control 
means in the form of an automatic valve for delivering 
pressure fluid from the mandrel to the appropriate one 
of the anchor means 61, 73 as required to carry out au 
tomatically the sequence of the operating method dur 
ing drilling. 
The piston rod section of the mandrel extends out 

wardly beyond the cylinder 77 and connects to guide 
means 85, which has a flow passage axially there 
through to conduct pressure fluid to the mandrel. The 
guide means in turn connects to drill pipe string 87 
which extends out the open or outer end of the earth 
bore. A guide funnel 91 is disposed in the open end of 
the earth bore. In lieu of drill pipe string 87, a flexible 
hose could be used to supply pressure fluid to the force 
applicator and drilling machine. Whether a string of 
drill pipe or a flexible hose is used, the outer end will 
be connected to a source of fluid under pressure, such 
as water, mud, gas, air, or oil, normally water. The con 
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4 
nection will be such as to maintain fluid connection 
while allowing advance and retraction of the drilling 
machine and bit into and out of the hole. 
A rotary drilling machine with which it is contem 

plated that the force applicator is to be used is one 
known as a Dyna-Drill. Apparatus of this type is shown 
in various publications, for example, U.S. Pat. Nos. 
2,898,087 and 3,1 12,801, and the DYNA-DRILL 
Handbook published 1970 by the Dyna-Drill Company 
Division of Smith International, Inc. Such a rotary dril 
ling machine is shown schematically in FIG. 2, which 
is based on the illustration at the right on page 1870 of 
the 1970-71 edition of the Composite Catalogue of Oil 
Field Equipment and Service. As there described, the 
drilling machine 57 includes a motor 101 which is es 
sentially a three-stage Moyno Pump run in reverse and 
comprising about one-half of the total 25 foot length of 
the tool. The motor consists of an obround-shaped spi 
ral passage 103 containing a solid steel rotor 105 which 
moves eccentrically. Shaped in a regular-recurring 
wave form, this rotor is free to move at the outer end 
107, while the inner end 109 is attached to a connect 
ing rod 111. The other end of the connecting rod is at 
tached to tubular drive shaft 113. Thrust bearings 115, 
117 on the drive shaft prevent it from moving axially 
inside housing extension 119. When water is pumped 
under pressure into housing connection 121 at the 
outer end of the tool, the pressure moves spring loaded 
slide dump valve 123, closing post 125. The water is 
thus directed down the annulus 127 between the rotor 
105 and the rubber lined spiral passageway 103. In 
order for flow to occur, the rotor is displaced and 
turned by the pressure of the fluid column, thus rotat 
ing the connecting rod 111, the tubular drive shaft 113 
and the bit sub 129 that is connected to the end of the 
drive shaft where it extends beyond housing extension 
119. The water, or other fluid, leaves the annulus 127 
by entering port 131 in the tubular drive shaft and pass 
ing through the drive shaft, bit sub, and diamond bit 53 
via passages 133, where it enters the bore hole. The 
water leaving the drill bit passes back to the open end 
of the hole outside the drilling machine and the drill 
pipe or hose connected thereto, carrying away the de 
tritus and cooling the bit. It will be seen that although 
the drive shaft 113 rotates relative to the tool housing 
135, inward force applied axially to the housing 
through connection 121 is transferred to the drive shaft 
113 through the thrust bearings 117 and thence to the 
bit 53. Likewise, outwardly directed force applied to 
housing 135 is transferred to the drive shaft through 
thrust bearing 115 and thence to the bit. 
Referring now to FIGS. 3 et seq, there are shown the 

details of a first embodiment of a force applicator em 
bodying the invention. Beginning with FIGS. 3-5, there 
is shown the outward extension 151 of the piston rod 
section 79 of the mandrel 63 of the force applicator. 
This extension fits inside the tubular body 153 of guide 
means 85. The guide means has a plurality of bore wall 
engageable axially extending ribs 155 circumferentially 
spaced apart providing axially extending fluid passages 
156 therebetween. The body 153 is sealed to mandrel 
section 151 by O-ring 157. 
A tubular connection means 159 is fitted into the 

outer end of body 153 and sealed thereto by O-ring 
161. Connection means 159 is threaded at 163 for con 
nection to drill pipe string 87 (FIG. 1) or to a flexible 
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hose. Wrench flats 165 facilitate connecting the pipe 
string or hose with the connection means 159. 

Referring especially to FIGS. 5 and 6, the body of the 
guide means is connected to the mandrel section 151 
of the force applicator and to the connection means 
159 by means of drive pins 161, 163. 
Referrring now to FIGS. 7 and 8 there is shown the 

piston and cylinder means 83. This includes cylinder 77 
and the piston rod section 79 of the mandrel 63. Cylin 
der heads 171, 173 are respectively fastened and sealed 
to the cylinder by threaded connection means 175 and 
screws 177 (see also FIG. 9) and O-ring 179. The man 
drel section 79 extends slidably through the cylinder 
heads and is sealed therewith by annular rubber seal 
rings 181, 183 bonded to the heads. 
An annular piston body 187 is disposed around man 

drel section 79 and sealed thereto by O-ring 189. A 
mandrel gripping collet 191 (see also FIGS. 10 and 11) 
is held between tapered socket 193 in the piston body 
and tapered ring 195. The ring 195 is pressed against 
the collet axially by compression ring 197 which is 
screwed into the end of the piston body. By this means 
the piston body is held against axial movement relative 
to the mandrel. 
The piston body carries a piston ring 201 which is 

held thereon against shoulder 203 by a snap ring 205. 
The piston ring is sealed to the piston body by O-ring 
207. To the outer periphery of the piston ring is molded 
annular rubber seal 209. 
At either side of the piston body there are ports 211, 

213 through the mandrel communicating with outer 
and inner spaces 215, 217 inside cylinder 77 on oppo 
site sides of the piston 81. Conduits 219, 221 connect 
to ports 211, 213 and extend inside the mandrel in 
wardly to the control means inside cylinder extension 
75. 
Referring now to FIGS. 8, 12 and 13, there is shown 

within cylinder extension 75 an automatic valve means 
225 providing control means for the force applicator. 
The valve means comprises an annular valve chamber 
227 formed between the exterior of the valve section 
229 of mandrel 63 and an annular valve sleeve 231. 
Mandrel port 233 provides an inlet to the valve cham 
ber for the water or other pressure fluid in the mandrel. 
Mandrel ports 235 and 237 provide outlets from the 
valve chamber leading to conduits for pressurizing ei 
ther the cylinder anchor means and the outer space 
215 of the piston and cylinder means (FIG. 7) or the 
mandrel anchor means and the inner space 217 of the 
piston and cylinder means depending on which port is 
in communication with the valve chamber. Specifically, 
outlet port 235 connects to conduit 221 leading to 
inner space 217 of the piston and cylinder means 83 
(FIG. 7) and to conduit 239 leading to mandrel anchor 
61. Outlet port 237 connects to conduit 219 leading to 
outer space 215 of the piston and cylinder means and 
to conduit 241 leading to the cylinder anchor means 
73. FIGS. 14 and 15 show the disposition, within the 
valve section 229 of the mandrel, of the parallel con 
duits 219, 221 leading to the piston and cylinder means 
and of the parallel conduits 239, 241 leading to the two 
anchor means. 
Referring again to FIG. 12, the valve sleeve 231 has 

inwardly extending annular flanges 251, 253 through 
which slidably extends the mandrel section 229. Annu 
lar rubber seal rings 255, 257 bonded to flanges 251, 
253 seal the flanges to the mandrel section. Extending 
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6 
from each flange away from the sleeve are two sets of 
resilient, flexible latch fingers 261,263 (see also FIGS. 
16 and 17). These sets of latch fingers are adapted re 
spectively to engage latch rings 265, 267 which, as 
shown in FIGS. 14 and 15, are secured to the mandrel 
section 229 by drive pins 269, 271. In the position 
shown in FIG. 12, latch fingers 261 are engaged with 
latch ring 265, to prevent movement of the valve sleeve 
231 inwardly along the mandrel section 229, whereas 
latch fingers 263 are in position for their tapered sur 
faces to ride up over the tapered end of ring 267 to ex 
pand the latch fingers so they can pass over ring 267 
and drop into engaged position with ring 267 when 
latch fingers 261 are released and the valve sleeve 
moves along the mandrel section. Such release and 
movement are effected by the means next to be de 
scribed. 
A valve actuator means comprises two support 

sleeves 271,273 screwed onto the ends of valve sleeve 
231. Vent ports 275,277 provide for fluid flow into and 
out of the annular spaces defined between these sleeves 
and the mandrel section. Ferrules 279, 281, respec 
tively, are screwed to the ends of the support sleeves 
271,273. Axially slidably disposed on mandrel section 
229 and telescoping inside ferrules 279, 281, respec 
tively, are latch release sleeves 283, 285. Shoulders 
287, 289 engage ferrules 279, 281, respectively, to 
limit travel of the release sleeves away from the valve 
sleeve. Compression springs 291, 293, respectively, 
captured between ferrules 279,281 and rings 295, 297 
(see FIGS. 8 and 13) screwed onto the release sleeves 
283, 285, urge the release sleeves away from the valve 
sleeve to their limits, 
When relative movement of the valve section 229 of 

the mandrel and the cylinder extension 75 is such as to 
cause engagement of ring 295 with cylinder head 173 
(FIG. 8), further such movement causes movement of 
the release sleeve 283 toward the latch fingers 261. 
This continues until the guide nose 301 of the release 
sleeve moves under the tapered ends 303 of the latch 
fingers. Finally, the latter ride up on the tapered end 
305 of the release sleeve to move the latch fingers 261 
radially away from the ring 265 to release the fingers 
and the valve sleeve 231. The valve sleeve 231 then 
moves axially under the force of compression spring 
291 until ferrule 279 reengages shoulder 287. By this 
time latch fingers 263 have moved over latch ring 267 
and engaged therewith. At the same time valve sleeve 
231 has moved relative to the valve section 229 of the 
mandrel to place valve chamber 227 in communication 
with outlet port 237 instead of outlet port 235. 
With ports in the new position just described, when 

relative movement of the valve section 229 of the man 
drel and the cylinder extension 75 is such as to cause 
engagement of ring 297 (FIG. 13) with the shoulder 
provided by end 311 of pin 313 of anchor barrel 315 
(FIG. 18), further such movement causes movement of 
the release sleeve 285 toward the latch fingers 263. 
This continues until the guide nose 317 of the release 
sleeve moves under the tapered ends 319 of the latch 
fingers. Finally, the latter ride up on the tapered end 
321 of the release sleeve to move the latch fingers radi 
ally away from the ring 267 to release the fingers and 
the valve sleeve. The valve sleeve 231 then moves axi 
ally under the force of compression spring 293 until 
ferrule 281 reengages shoulder 289. By this time latch 
fingers 261 have moved over latch ring 265 and en 
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gaged therewith. At the same time valve sleeve 231 has 
moved relative to valve section 229 of the mandrel to 
place valve chamber 227 in communication with outlet 
port 235 instead of outlet port 237. The apparatus is 
then again in the position shown in FIG. 12 and ready 
to repeat the cycle. 

Ports 321 are provided in cylinder extension 75 to 
equalize pressure between the interior and exterior 
thereof. 
Referring now to FIGS. 18 con-comprises 19, there 

is shown the cylinder anchor means 73 and the spline 
means 71. The anchor means 73 includes anchor barrel 
315 disposed about the cylinder anchor section of the 
mandrel comprising the inner end of the valve section 
229 of the mandrel and the outer end of the spline sec 
tion 65 of the mandrel, and the threaded connection 
therebetween. The latter concomprises threaded pin 
325 on mandrel section 229 and the interiorly threade 
end 331 on mandrel section 65. 
The anchor barrel 315 is radially spaced from the an 

chor section of the mandrel and forms therewith an an 
nular compartment 333. The ends of compartment 333 
are closed by annular compartment heads 335, 337 se 
cured to the ends of barrel 315. Head 335 is pressed 
into place against shoulder 339. Head 337 is held 
against shoulder 341 by retainer ring 343. The anchor 
section of the mandrel extends axially slidably through 
heads 335, 337 and is sealed thereto by rubber seal 
rings 345, 347 which are bonded to the heads and slid 
ably engage the mandrel section. The particular config 
uration of seal rings 345, 347 and other sliding seal 
rings referred to herein is set forth in detail in U.S. Pat. 
No. 3,232,186 issued Feb. 1, 1966, on the application 
of W. R. Garrett. 
A plurality of bore wall engaging metal shoes 349 

(see also FIG. 20) are disposed in windows 351 through 
the wall of the anchor barrel. The shoes are sealed to 
windows 351 by elastic resilient rubber seals 353. The 
seals have enough stretch to allow the shoes to be pro 
jected radially outwardly to engage bore wall 51 when 
the pressure inside compartment 333 exceeds that out 
side the compartment. The seals have enough resili 
ance to retract the shoes back into the window when 
the pressure inside compartment 333 is equal to that 
outside the compartment. The construction and opera 
tion of such shoes, windows, and seals and anchor bar 
rels and suitable variations thereof is described at 
length in the aforementioned U.S. Pat. No. 3,298,449 
issued Jan. 17, 1967 on the application of William S. 
Bachman et al. 
Conduit 241 from the automatic valve means 225 

connects to port 355 in the cylinder anchor section of 
the mandrel. When valve means 225 connects conduit 
241 to the pressure fluid in the mandrel, the resultant 
pressure of the fluid in compartment 333 acting on the 
shoes 349 causes them to expand to wall engaging or 
set position. When valve means 225 disconnects con 
duit 241 from the pressure fluid in the mandrel and in 
stead connects conduit 241 to the space inside cylinder 
extension 75 which is at the same pressure as that in the 
bore hole due to ports 321), the shoes 349 are re 
tracted back into windows 351 by the elastic seals 353. 

Referring now particularly to FIG. 19, tube 69 of the 
spline means 71 is an inward extension of anchor bar 
rel 315. Tube 69 is of hexogonal inner cross section 
providing a plurality of flat surfaces 367 correlative to 
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the flats 369 on the exteriorly hexagonal upset 67. 
Upset 67 slides axially within tube 69 but the correla 
tive flat surfaces prevent relative rotation thereof and 
transmit torque therebetween. This spline means en 
ables the cylinder anchor means, when set, to prevent 
rotation of the mandrel in the bore while allowing rela 
tive axial movement therebetween, e.g., as when the 
drill bit advances into the formation under the action 
of the drilling machine and the force of the piston and 
cylinder means, the cylinder anchor means being set or 
as when the cylinder is moved into the hole under the 
action of the piston and cylinder means, the mandrel 
anchor means being set. 
The conduit 239 that conducts pressure fluid from 

the automatic valve 225 to the mandrel anchor means 
terminates at the outer end of the spline means, being 
connected into the internally upset end 379 of a pipe 
381. The connection is sealed by O-ring 383. This O 
ring. like the others mentioned herein, is made of rub 
ber. Pipe 381 is centered in mandrel section 65 by a 
plurality of webs 385 welded to the outer periphery of 
the pipe. (See also FIG. 21). 

Referring now to FIG. 22 there is shown the mandrel 
anchor means 61. The mandrel 63, of which spline sec 
tion 65 (FIG. 21) is a portion, extends beyond the inner 
end of cylinder anchor barrel 315. The inner end 387 
of the mandrel is upset and a threaded pin 389 is 
formed thereon. Pin 389 is screwed into the interiorly 
threaded outer end 391 of mandrel anchor barrel 393. 
The inner end 395 of the mandrel anchor barrel is inte 
riorly threaded to receive threaded pin 397 at the outer 
end of sub 399 which connects to the non-rotating part 
59 of drilling machine 57. 
Captured between pins 389 and 397 is sleeve 401 

which, except at its ends 403, 405, is radially spaced 
from the barrel 393 forming a compartment 407. In the 
part of barrel 393 forming the outer wall of compart 
ment 407 there are a plurality of windows 409. Within 
each window is a wall engageable metal shoe 411. The 
shoes are mounted in the windows by elastic resilient 
rubber seals 413 which normally retract the shoes into 
the windows but stretch to allow the shoes to move to 
set position in engagement with the wall of earth bore 
51. The operation and construction of these shoes and 
seals and barrel 393 is generally the same as the like 
parts of the cylinder anchor means previously de 
scribed. 
The compartment 407 of the mandrel anchor means 

is connected to pipe 381 by passage means 415. As best 
shown in FIG. 23, pipe 381 is integral with sleeve 401. 

From the foregoing description of the apparatus it is 
believed the method of operation thereof is also clear. 
Briefly, the drilling machine is manually or otherwise 
pushed into the earth formation until the hole is long 
enough to receive the force applicator of the invention. 
The latter is then connected to the outer end of the dril 
ling machine, preferably with the spline means con 
tracted. Fluid pressure is then applied to the drill string 
connected to the outer end of the force applicator. This 
causes the cylinder anchor means to set and pressurizes 
the outer space of the piston and cylinder means to 
urge the mandrel into the hole. When the limit of ex 
tension of the spline means is approached, the auto 
matic valve shifts to the position shown in the drawings, 
FIG. 12. This releases the cylinder anchor means and 
sets the mandrel anchor means and pressurizes the 
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inner space of the piston and cylinder means, thereby 
moving the cylinder inwardly to a new position in 
which the spline means is contracted. Thereupon the 
automatic valve shifts away from the FIG. 12 or reset 
position to what may be called the drilling position. 
This releases the mandrel anchor means, sets the cylin 
der anchor means, and once again pressurizes the outer 
space of the piston and cylinder means to urge the dril 
ling machine and drill bit farther into the earth forma 
tion. (it is to be observed that with draftsman's license 
the drawings show the spline means in contracted or 
drilling position and show the automatic valve in reset 
position.) The foregoing cycle is repeated automati 
cally until the desired length of bore hole is achieved 
or for other reason drilling is to be discontinued, e.g. to 
change the bit. Thereupon the fluid pressure to the 
force applicator and drilling machine is shut off, both 
anchor means are thereby disengaged, and the appara 
tus including the drill string, force applicator, drilling 
machine, and drill bit are pulled out of the hole, manu 
ally or otherwise. The operation may be repeated. In 
going into the hole or coming out of the hole lengths of 
drill pipe can be added to or removed from the drill 
string as required, or if a flexible conduit is used instead 
of a drill pipe, it can be wound on a power winch to pull 
the apparatus out of the hole, and unwound from the 
winch when the apparatus is going into the hole. 
Referring once more to FIGS. 18 through 20, it is to 

be noted that the diameter of the mandrel where it 
passes through seal 347 is larger than that where it 
passes through seal 345 so that the net effect is to move 
the mandrel inwardly relative to the anchor barrel 315 
and spline tube 69. 
Another embodiment of the invention in a force ap 

plicator that can apply force to the drilling machine 
both inwardly and outwardly will next be described. 
This applicator, will be positioned adjacent a drilling 
machine similarly to the force applicator shown in FIG. 
1 but instead of being connected at its outer end to a 
drill pipe string or flexible hose it is connected to a plu 
rality of flexible hoses. The hoses can of course be bun 
dled together but for a number of reasons, such as 
economy of acquisition, it was decided to employ five 
separate hoses to convey pressure fluid to the drilling 
machine, the two anchor means, and the inner and 
outer spaces of the piston and cylinder means. By pro 
viding five fluid passages from the force applicator to 
the open end of the earth bore, the control means for 
the force applicator can be located outside the hole, 
thus eliminating the in-hole control means, i.e. the au 
tomatic valve. But other in-hole elements of this second 
embodiment of the force applicator are quite similar to 
those of the first embodiment. The in-hole part of the 
apparatus is to be described first. Only points of differ 
ence from the first embodiment will be described in de 
tail, other parts being the same as previously described. 

Referring first to FIG. 24 there is shown mandrel an 
chor means 501 including barrel 503 having a plurality 
of windows 505. A plurality of bore wall engageable 
shoes 507 are disposed in the windows and sealed 
thereto by resilient elastic rubber seals 509 bonded to 
the barrel and to the shoes. Within the barrel 503 is a 
mandrel section 511 shouldered against the barrel at 
513 to prevent inward travel of the mandrel section rel 
ative to the barrel. When a sub .515 for making connec 
tion with the drilling machine is screwed onto pin 517 
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10 
on the mandrel section, the sub 515 shoulders against 
the inner end of the barrel at 519 to prevent outward 
movement of the mandrel section relative to the barrel. 

The mandrel section 511 is welded to mandrel sec 
tion 521 which extends out through the other end of 
the barrel toward the spline means and cylinder anchor 

2S. 

The barrel is sealed to the mandrel sections by O 
rings 523, 525. The space between the seals 509 and 
the mandrel sections is connected by port 527 to pres 
sure fluid conduit 529 whereby pressure fluid can be 
supplied to or exhausted from said space to actuate the 
shoe 507 to extended (set) or retracted position. 
Referring now to the left hand portion of FIG. 24 and 

to FIG. 25 there is shown cylinder anchor means 531 
and spline means 533. The cylinder anchor means com 
prises barrel 535 which is screw connected at its outer 
end to cylinder head 537 of piston and cylinder means 
to be described later. Cylinder head 537 is centrally 
aperatured to allow mandrel section 521 to extend 
therethrough. A sliding seal therebetween is provided 
by seal ring 539 which is shrink or press fitted inside 
head 537. Bonded within ring 539 is rubber seal 541 
relative to which mandrel section can reciprocate. 
The inner end of barrel 535 is screw connected to 

spline tube 543, the interior of which is of hexagonal 
cross section. A sleeve 545 (see also FIG. 26) is shrink 
fitted or otherwise secured to mandrel section 521 
within tube 543. Sleeve 545 has a hexagonal outer pe 
riphery correlative to the interior of tube 543, though 
with sufficient clearance to allow the sleeve to slide axi 
ally in the tube. The tube 543 and sleeve 545 provide 
spline means which prevents relative rotation but al 
lows relative axial movement between the mandrel sec 
tion on the one hand and on the other hand the tube 
and parts connected thereto, i.e., the cylinder anchor 
barrel and the cylinder of the piston and cylinder 
means. The drawing is broken between FIGS. 24 and 
25 to indicate that a portion of the length of the spline 
tube and mandrel section are omitted. The actual 
stroke of the spline may, for example, be two feet for 
a force applicator suitable for a 4 inch diameter earth 
bore, the overall length of such force applicator being 
about seven feet when contracted. 
The inner end of the spline tube is screw connected 

to barrel head 549 through which extends mandrel sec 
tion 521. Seal ring 551 is shrink or press fitted inside 
head 549. Rubber seal 553 is bonded to the interior of 
ring 551 and makes a sliding seal with mandrel section 
521. 
The barrel head 549 and cylinder head 537 close the 

ends of the annular space 554 between mandrel section 
521, and barrel 535 and tube 543. Space 553 is con 
nected by mandrel port 555 to pressure fluid conduit 
557 whereby pressure fluid can be supplied to or ex 
hausted from said space. 
Bore wall engaging shoes 559 (see also FIG. 27) are 

disposed in windows 561 in barrel 535. Elastic resilient 
rubber seals 563 bonded to the shoes and to the barrel 
seal the shoes to the barrel and by elasticity normally 
hold them retracted therein, but are sufficiently resil 
ient to allow the shoes to be extended outwardly from 
the barrel when the pressure therein exceeds the exte 
rior pressure. 
The seals 563 extend not only between the windows 

561 and shoes 559 and radially inwardly of the shoes 



3,799,277 
11 

as in the other anchor means of this and the first de 
scribed embodiment but also extend circumferentially 
inside the barrel at 565 (see FIG. 27) providing a bear 
ing supporting the mandrel for axial sliding movement 
within the barrel. The bearing portion 565 of the seals 
563 is fluted at 567, preventing the bearing from seal 
ing with the mandrel. The ends of the bearing 565 are 
chamfered at 569, 571. 
As with the previously described anchor barrels of 

this and the first embodiment, the sides 573 of the bar 
rel 535 are flat, forming fluid passages exteriorly of the 
barrel between the barrel and bore wall. This enables 
the windowed portions of the barrel containing the 
shoes to have a greater radial extent coming closer to 
the bore wall. This helps center the force applicator in 
the bore and reduces the distance the shoes must be ex 
tended to engage the bore wall. The shoes are provided 
with inserts 575 made of tungsten carbide or other 
wear resistant material to protect the shoes against 
wear as they slide along the bore wall. 
Referring now to FIG. 28 there is shown piston and 

cylinder means 585, comprising cylinder 587 and pis 
ton 589. The inner end of the cylinder is screw con 
nected to the previously described cylinder head 537, 
seal ring 539 and seal 541. The mandrel section 521 is 
axially slidable through the seal 541. The outer end of 
the cylinder is screw connected to cylinder head 591 
within which is shrink or press fitted or in other manner 
secured seal ring 593. Seal 595 is bonded to the interior 
of ring 593. Mandrel section 521 is axially slidable 
through seal 595. Part of the drawing is broken off be 
tween cylinder heads 537 and 591, the length of cylin 
der 587 and mandrel section 521 actually will be about 
the same as the length of the spline tube and the man 
drel section therewithin, so as to provide equal stroke 
for the spline means and the piston and cylinder means. 
This equality of stroke holds also for the like means of 
the first embodiment. 

Piston 589 comprises annular body 597 which is se 
cured to the mandrel section 521 by collet clamp 599, 
the latter being activated by compression ring 601. 
Ring 601 is screwed into body 597 in fluid tight rela 
tionship. Ring 601 is sealed to the mandrel section by 
rubber O-ring 602. The exterior of piston body 597 is 
bonded to rubber seal 603. 

Pressure fluid conduits 605, 607 are connected to 
mandrel ports 609, 611 whereby pressure fluid can be 
supplied to and released from the spaces 615, 613 at 
the outer and inner ends of the piston and cylinder 
means on the opposite sides of the piston. The ends 
619, 617 of the piston body are spaced radially out 
wardly from the mandrel so that they can partially 
overlie the ports 609, 611 without blocking passage 
therethrough. This enables end 619 to serve as a stop 
to limit one end of the stroke of the mandrel and cylin 
der by engagement with head 591, and enables close 
approach of end 617 to head 637 at the other end of 
the stroke, which is actually limited as hereinafter de 
scribed. 
The mandrel section 521 extends outwardly from cyl 

inder head 591 to a manifold and guide means to be de 
scribed hereinafter. The cylinder head 591 is provided 
with an outward extension forming a stop 621 for en 
gagement with the manifold and guide means when the 
spline means and the piston and cylinder means are at 
their limit of extension and inward projection. As best 
shown in FIG. 29, the flange 623 extending radially in 
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12 
wardly at the outer end of stop 621 is scalloped at 625 
to provide for easy flow and prevent binding through 
accumulation of detritus between flange 623 and seal 
ring 593. The stop 621 protects seal 595 from damage, 
both from engagement with the manifold and guide 
means and from other external forces. 
Referring now to FIG. 30 and 31 there is shown man 

ifold 631, guide means 633, a hose connection means 
635. Manifold 631 includes multiple flow passage man 
drel section 637 which is welded to the outer end of 
mandrel section 521. Section 637 has five flow pas 
sages 639, 641, 643, 645, 647 (see FIG. 33). The four 
radially outermost passages 641, 643, 645, 647 are 
connected to conduits 605, 557, 607 and 529 by tubu 
lar internal couplings 651, 653, 655, 657 (see FIG. 32). 
The central passage 639 of manifold section 637 com 
municates with the interior of mandrel section 521. 
Manifold section 637 has an enlarged outer end 661 

which has a threaded pin 663 on its outer end. A sleeve 
665 is screwed to the pin. Sleeve 665 is shrink or press 
fitted or otherwise secured within socket 667 in mani 
fold body 669. The outer diameter of body 669 is close 
to that of the earth bore 671 whereby the body serves 
also as a guide means for the force applicator. 
The exterior of manifold body 669 is fluted providing 

axial fluid passages 673 and leaving bore wall engage 
able ribs 675 therebetween. (See FIG. 35). 
There are four annular fluid passage grooves 677, 

679, 681, 683 around end 661 of manifold section 637. 
Also there are five seal grooves 676,678,680, 682,.684 
each containing a rubber O-ring sealing between the 
manifold body and end 661 of mandrel section 637. 
Four radial ports 685, 687, 689, 691, connect the four 
annular grooves to the four outermost passages 641, 
643, 645, 647. In turn, four radial ports 693,695, 697, 
699 in manifold body 699 connect the four annular 
grooves to four channels 701, 703,705, 707 extending 
lengthwise of ribs 675. By draftsman's license, the 
channels and their radial ports as shown in FIG. 30 are 
displaced from the actual positions which are shown in 
FIG. 34. 
Referring now to FIG. 35, the four channels 701, 

703, 705, 707 communicate at their outer ends with 
passages 709, 711, 713, 715 in the mandrel body. As 
sown in FIG. 36, passages 711, 715 terminate in hose 
couplings 717, 719 for connection to two small diame 
ter flexible hoses 718, 720 (see FIG. 39) that supply 
pressure fluid to the cylinder and mandrel anchor 
eaS. 

As shown in FIG. 31, manifold body 669 extends out 
wardly beyond the termination of passages 711, 715, 
carrying fluid passages 709, 713, farther outward be 
yond couplings 717, 719. At their terminations, pas 
sages 709, 713 are provided with hose couplings 721, 
723 (see FIG. 37) for making connection to intermedi 
ate diameter hoses 722, 724 (see FIG. 39) that supply 
pressure fluid to the outer and inner spaces in the cylin 
der of the piston and cylinder means 585. 

Referring again to FIG. 30, a slot 725 in the outer end 
of sleeve 665 communicates the outer end of sleeve 
665 communicates the outer end of passage 639 in 
mandrel section 637 with passage 727 in the manifold 
body 669. Passage 727 extends through outward exten 
sion 729 of the manifold body terminating in hose cou 
pling 731 (see also FIG. 38) for making connection to 
a large diameter hose 732 (see FIG. 39) that supplies 
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pressure fluid to the drilling machine to which the force 
applicator is connected. 
Referring now to FIG. 39 there is shown the positions 

relative to bore hole 671 of the five hoses 718, 720, 
722, 724, 732 that convey pressure fluid for the force 
applicator and the drilling machine connected thereto. 

Referring now to FIG. 40, the hoses 718, 720, 722, 
724, 732 extend through the earth bore 671 and guide 
funnel 801 to the mine face 803. Big hose 732 for sup 
pling pressure fluid to the drilling machine extends over 
the level wind guide 805 to a reel 807. Reel 807 is ro 
tatably mounted at 809 on a four wheeled trailer car 
811. Referring now also to FIG. 41, the intermediate 
size hoses 722, 724, for supplying fluid to the piston 
and cylinder means extend over level wind guide 813 
to reel 815. Reel 815 is rotatably mounted on the car 
at 817. Small hoses 718, 720 for supplying fluid to the 
two anchor means extend over level wind guide 819 to 
reel 821. Reel 821 is rotatably mounted on the car at 
823. 
The three reels are driven by air motors 825, 827, 

829. The reels therefore can operate as power winches 
to pull the force applicator and connected apparatus 
out of the hole. 
As shown in FIGS. 40 and 42, the end of big hose 732 

is connected by elbow 830 to a pipe 831 in the core of 
reel 807. Pipe 831 is connected to a tee 832 which con 
nects to pipe 833 leading to swivel connection 835. As 
shown in FIG. 41, stationary part 837 of the swivel con 
nects to motor-pump unit 838 which supplies pressure 
fluid to the big hose. 
Motor pump unit 838 is controlled from console 839 

and together therewith provides fluid supply and con 
trol means for the drilling machine. Water pumped into 
big hose 732 flows through the force applicator to the 
drilling machine connected thereto and then back out 
of the bore to return water tank 841. In dropping into 
tank 841 the water passes through shaker screen 843 
which filters out the detritus 845, the latter accumulat 
ing on the mine floor. As shown in FIG. 41 the water 
in tank 841 flows to ditch 847 and thence to settling 
and storage pit 849. Pump 851, forming part of the mo 
tor-pump unit 838, picks up the water from pit 849 and 
resupplys it to the big hose. Pump 851 is driven by 
motor 853. When the fluid supply is to be shut off, the 
motor 853 is stopped; when fluid supply is to be re 
sumed, motor 853 is restarted. The operation of motor 
853 is controlled from console 839 by control line 855. 

Suitable piping and swivel connections (not shown) 
similar to piping 830, 831, 832 and swivel connection 
835, connect the small and intermediate size hoses 718, 
720, 722,724 wound on reels 815 and 821 to pipe lines 
857, 859, 861, 863 leading to an oil pump 903 (see 
FIG. 43) in console 839. Manual or automatic valves 
are provided in console 839 for controlling the supply 
of hydraulic fluid to lines 857, 859, 861, 863. The con 
sole 839 thus also provides fluid supply and control 
means for actuating the piston and cylinder means and 
the two anchor means of the force applicator as re 
quired. For example, console 839 may function to 
apply fluid pressure to the cylinder anchor means to set 
same while releiving fluid pressure to the mandrel, in 
which condition the outer space of the piston and cylin 
der means can be supplied with pressure fluid to ad 
vance the force applicator and drilling machine into the 
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14 
hole, the inner space being relieved of pressure, or the 
inner space can be supplied with pressure fluid to re 
tract the drilling machine and force applicator from the 
hole. Or fluid pressure can be supplied to the mandrel 
anchor means to set same, while relieving pressure on 
the cylinder anchor means, and then applying pressure 
fluid to the outer space of the piston and cylinder 
means to force the cylinder into the hole, the pressure 
fluid being relieved in the inner space, or else applying 
pressure fluid to the inner space of the piston and cylin 
der means to force the cylinder out of the hole, the 
outer space being relieved of pressure fluid. In this 
manner the method of the invention can be performed, 
either manually or atuomatically. 
Referring now to FIG. 43 there is shown a suitable 

system for the force applicator fluid supply and control 
means of console 839. The details of this system were 
laid out by a supplier of hydraulic control equipment 
pursuant to the present inventor's general instructions 
as to requirements, and subsequently modified by the 
associates of the present inventor. The details of this 
system are therefore not to be considered part of the 
present invention, only the overall operation thereof, of 
which this system is merely an example of a variety of 
control systems that can be produced by those skilled 
in the art to achieve the desired results. 
FIG. 43 is a schematic drawing employing the sym 

bols of the United States of America Standards Insti 
tute, as set forth in Fluid Power, Handbook & Direc 
tory, 1968/69, pages A36-A46. 

In FIG. 43 there is shown a hydraulic fluid tank 901 
from which piston pump 903 withdraws fluid (oil) via 
filter 905. Pump 903 is driven by air motor 907. Air is 
supplied to motor 907 from a suitable source of air 
(e.g., air compressor, not shown) via line 909, filter and 
water trap 911, pressure regulator 913, and throttle 
valve 915, the air pressure being indicated by gage 917. 

Air from conduit 909 and filter-trap 911 also is con 
ducted via line 913 to control air supply box 915, 
wherein it passes through filter-separator 917 and pres 
sure regulator 921 to gage 923 and then branches off 
to lubricator 925 and line 927. Pressure air line 927 
and air vent line 929 connect to reversing valve 931, 
which is also connected to control lines 933,935. 

Lines 933 and 935 are respectively directly con 
nected through lines 937,939 to one side of each of 
hydraulic control reversing valves 941,943 and indi 
rectly to the other side of each of these valves through 
lines 945, 947. Said indirect connections include vari 
able one-way time delay means 949, 951. Each time 
delay means includes a variable choke (needle valves 
942, 944), and a check valve (949, 948) in parallel, 
both in a series with an air chamber (950, 952). A 5 
second time delay is typical. These time delay means 
insure that one anchor means is set before the other is 
released. 
Depending on the position of reversing valve 931, as 

set by manual actuator 953, air under pressure will be 
supplied to the left side of valve 941 and the right side 
of valve 943, as shown, in which case indicators 955, 
957 will be on display, or else, with valve 93.1 moved 
to the right by actuator 953, air under pressure will be 
supplied to the right side of valve 941 and the left side 
of valve 939, and indicators 959,961 will be on display. 
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Hydraulic pump 903 discharges through line 965 to 
a hydro-pneumatic accumulator 967, pressure gage 
969, and adjustable flow restricting valve 971. Down 
stream from valve 971 there is a pressure relief valve 
973, beyond which line 975 branches into lines 977, 
979. Pressure fluid lines 977,979 and dump lines 981, 
983, connect to the lower sides of reversing valves 941, 
943. The upper sides of these valves connect through 
lines 985, 987 to the outer space of 989 of the piston 
and cylinder means 585 and to the mandrel anchor 
501 and through lines 991, 993 to the inner space 995 
of the piston and cylinder means and to the cylinder an 
chor 53. 
Enroute to the piston and cylinder means, the hy 

draulic fluid must pass through adjustable, one-way 
pressure responsive valve means 997, 999 which insure 
that the fluid is at a certain selected pressure before it 
is admitted to the piston and cylinder means. This in 
sures that the last to be set anchor means is fully set be 
fore the piston and cylinder means is actuated. Each of 
these means 997,999, includes in parallel a check valve 
and a normally closed spring loaded valve opening at 
an adjustable preset pressure, and a pressure gage. 
For controlling the force exerted by the force appli 

cator there is an adjustable pressure regulator 1001 
connected to line 1003 that leads to the outer space of 
the piston and cylinder means. With this arrangement 
a preset pressure is applied to the outer space of the 
psiton and cylinder means while the inner space is fully 
vented, e.g. during drilling. Alternatively, the pressure 
regulator could be connected in the reverse direction 
in line 1005 that leads to the inner space of the piston 
and cylinder means. With the latter arrangement full 
pressure would be applied to the outer space of the pis 
ton and cylinder means during drilling while the pres 
sure in the inner space would be maintained at a lower 
preset pressure whereby the fluid in the inner space 
would gradually bleed off during drilling. In either case 
the pressure differential between opposite sides of the 
piston and cylinder means would be controlled by the 
pressure regulator. 
With the system thus far described, manual move 

ment of actuator 953 on reversing valve 931 alternately 
positions the in-hole equipment for drilling, i.e., for ac 
tuating the force applicator to apply force for advanc 
ing the drilling machine into the earth bore or positions 
the in-hole equipment for resetting the force applicator 
by applying force to advance the cylinder of the piston 
and cylinder means into the hole. For positioning the 
in-hole equipment to reset the force applicator, actua 
tor 953 is moved to the position shown, which supplies 
air to reversing valve 941 to move it to the right as 
shown. This pressurizes the mandrel anchor means 501 
and vents the outer space 989 of the piston and cylin 
der means. A time delay thereafter (e.g. 5 seconds) re 
versing valve 943 is moved to the left from the position 
shown, venting cylinder anchor means 531, and when 
the pressure is built up enough, applying pressure to the 
inner space 995 of the piston and cylinder means. This 
forces the cylinder 587 inwardly to reset the force ap 
plicator. 
When actuator 953 is moved to the right, air pressure 

is applied to move reversing valve 943 back to the posi 
tion shown. This vents the inner space 995 of the piston 
and cylinder means and supplies pressurized hydraulic 
fluid to the cylinder anchor means 531. A time delay 
(e.g. 5 seconds) thereafter, the reversing valve 941 is 
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moved to the left from the position shown, thereby 
venting the mandrel anchor means 501 and, when the 
pressure is built up enough, applying pressure to the 
outer space 989 of the piston and cylinder means. This 
applies inward force to the mandrel of the force appli 
cator and to the drilling machine and the drill bit con 
nected thereto. 

In drilling the operator may leave the actuator in the 
"drill' position until, as judged by a pressure drop indi 
cated by gage 1000 in the pipe supplying fluid to the 
drilling machine, or as judged by the amount of hose 
pulled into the earth bore, the stroke limit of the force 
applicator is reached. He may then move the actuator 
to the “reset' position and allow enough time for the 
cylinder of the piston and cylinder means to move to 
the reset position, which will be indicated by a rise in 
pressure on gage 1111. Then the operator may return 
actuator 953 to the "drill' position. By repeating this 
cycle, drilling proceeds. 

If desired, as shown in FIG. 44 the motion of the ac 
tuator 953 can be accomplished by electric solenoids 
1021, 1023 alternately energized upon closure of mi 
croswitches 1025, 1027, responsive respectively to the 
positioning of the piston and cylinder means at the end 
of their drill and reset strokes. For example in series 
with one of lines 1003 and 1005, e.g., 1005 as shown, 
there could be placed out-of-hole pilot piston and cyl 
inder means 1029 duplicating that of the force applica 
tor. The movement of such out-of-hole pilot piston and 
cylinder means 1029 duplicates that of the in-hole pis 
ton and cylinder means, so that the piston rods 1031, 
1033 will actuate the microswitches to control the sole 
noids for moving actuator 953 and valve 931 back and 
forth as required. 
When it is desired to withdraw the apparatus from 

the hole, one has two options. Either both anchor 
means can be deemergized and the apparatus simply 
pulled out of the bore by reeling in the hoses, or the 
force actuator can be operated in reverse to pull the ap 
paratus out of the hole while the hoses are reeled in. 

If it is simply desired to pull the apparatus from the 
bore hole, the dump valve 1050 can be moved to the 
right from the position shown. This will connect hy 
draulic lines 987,993 from the anchor means back to 
tank 901. Therefore regardless of the positions of 
valves 941 and 943 both anchor means will be re 
tracted. Furthermore, if the valves are in the position 
shown, both cylinder spaces 989,995 will also be con 
nected to tank 901. If either of valves 941 or 943 is 
moved from the position shown, both spaces 989,995 
will still be vented, for whichever space is thereby con 
nected to hydraulic line 975 from the accumulator will 
also be connected to the tank because line 975 will also 
be connected to one of the anchor means. Should both 
valves 941 and 943 be moved simultaneously from the 
position shown, then both spaces 989 and 995 would be 
equally pressured so that there still would be no ten 
dency for the piston 589 to move. Therefore when 
dump valve 1050 is moved to the right, not only will 
both anchor means be retracted but the piston and cyl 
inder means 585 will be deactivated. This is a desirable 
condition for the apparatus when it is simply to be 
pulled from the earth bore. 

It may be desirable to maintain circulation, i.e., water 
flow through the apparatus and back out the earth 
bore, during withdrawal of the apparatus, thereby re 
ducing the likelihood of the apparatus sticking in the 
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hole. However if desired the pressure can be reduced 
by opening by-pass valve 1052 (FIG. 41), and if desired 
at any time the pump 851 can be shut down by opening 
switch 1039 in console 839 to cut off electric power to 
pump motor 853. 
For powered withdrawal of the apparatus from the 

earth bore by reverse actuation of the force applicator 
the operator moves reversing valve 1007 to the left 
from the position shown by moving manual actuator 
1009 to the left. This causes the cylinder anchor means 
to be set (and the mandrel anchor means to be disen 
gaged) when the pressure is applied to the inner space 
587 of the piston and cylinder means by moving actua 
tor 953 to the reset position. This will move the man 
drel of the piston and cylinder means outwardly. Also, 
with actuator 1009 in the "reverse' position, the man 
drel anchor means will be set (and the cylinder anchor 
means will be disengaged) when pressure is applied to 
the outer space 989 of the piston and cylinder means 
by moving actuator 931 to the "drill' position. This will 
move the cylinder portion of the piston and cylinder 
means outwardly, resetting the apparatus for further 
outward movement when the actuator 953 is put back 
in the “drill' position. The operator can determine 
when the piston and cylinder of the piston and cylinder 
means have reached the end of their strokes by observ 
ing the resultant pressure rises at the gages 1111 and 
1113 respectively. If desired, the powered withdrawal 
operation just described can be accomplished automat 
ically by the means shown in FIG. 44. 
For automatic operation during either drilling or 

withdrawal, it is only necessary to close switch 1035 to 
supply electric power from electric power supply 1037 
to solenoids 1021, 1023. Electric power supply 1037 
may be the same source as that to which motor 853 of 
the motor-pump unit 838. is connectable via switch 
1039 (FIG. 41) and power line 855. 
During the operation of both embodiments of the ap 

paratus there is relative axial motion of the mandrel on 
the one hand and the cylinder, cylinder anchor barrel, 
and spline tube on the other. The relative motion is lim 
ited so that the mandrel port conducting pressure fluid 
to and from the cylinder anchor barrel is always in 
communication with the space defined between the 
cylinder to mandrel seals, i.e., space 333 between seals 
345 and 347 in the first described embodiment (see 
FIGS. 18 and 19), and the space 554 between seals 541 
and 553 in the second described embodiment (see 
FIGS. 24 and 25). In the first described embodiment, 
such travel limit is effected in one direction by engage 
ment of ring 173 (FIG. 8) with ring 295 secured to 
sleeve 283, followed by engagement of sleeve 283 with 
ring 265 (FIG. 12), and in the other direction by en 
gagement of ring 311 (FIG. 13) with ring 297 secured 
to sleeve 285, followed by engagement of sleeve 285 
with ring 267 (FIG. 12). In the second described em 
bodiment, such axial travel limit is effected in one di 
rection by end 619 of the piston body (FIG. 28) engag 
ing ring 593 and cylinder head 591, and in the other di 
rection by end 621 of cylinder head 591 engaging the 
inner end 670 of manifold body 669 (FIG. 30). 
From the foregoing description it is believed that the 

methods of the invention and apparatus for carrying 
out the invention will be understood. While preferred 
embodiments of the invention have been shown and de 
scribed, many modifications thereof can be made by 
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one skilled in the art without departing from the spirit 
of the invention. 
For a description of an improvement upon the sub 

ject invention reference is made to the contempora 
neously executed United States patent application of 
Jackson M. Kellner and George Abraitys Alther, Ser. 
No. 189,845, filed Oct. 18, 1971, now abandoned, and 
the continuation thereof, Ser. No. 351,628, filed Apr. 
16, 1973, both entitled Self Guiding Force Applicator, 
the disclosure of which is incorporated herein by refer 
ence for the purpose of aiding in the understanding of 
the present invention and as further illustrative of the 
methods and constructional details thereof. 
That being claimed is as follows: 
1. Apparatus useful in earth boring comprising a 

force applicator including 
linear means adapted for connection to a drillingma 
chine to load the latter linearly, 

force means for applying linear force to said linear 
means including a cylinder around the outside of 
the linear means and a piston connected to said lin 
ear means and slidable within the cylinder, 

cylinder anchor means connected to the cylinder for 
releasably engaging a bore wall, and 

auxiliary anchor means connected to said linear 
means for releasably engaging a bore wall, 

said auxiliary anchor means as well as said cylinder 
anchor means each including means for exerting 
force components against the bore wall in a plural 
ity of opposing directions and each comprising ex 
pansible means expansible between the bore wall 
and the respective one of said cylinder and said lin 
ear means at a plurality of angular positions about 
the axis of the respective cylinder and linear means 
effective to exert said opposing force components, 

said linear means being rigid and of fixed length be 
tween the piston connected therto and the auxiliary 
anchor means connected thereto, 

said linear means, piston, and cylinder being coaxial 
with their axis disposed to be coaxial with the axis 
of such bore wall engaging means, 

said linear means being tubular and providing con 
duit means for supplying fluid to actuate said dril 
ling machine. 

2. Apparatus according to claim 1 including anti 
rotation means connecting the cylinder to said linear 
means to prevent relative rotation thereof while provid 
ing for relative axial motion thereof. 

3. Apparatus according to claim 2, said auxiliary an 
chor means including a barrel around said lineal means 
and affixed to said lineal means adjacent one end of the 
barrel, seal means sealing between said barrel and lin 
eal means adjacent the other end of said barrel, the 
space between said barrel and mandrel in between said 
seal means and the place of affixation of said barrel to 
said lineal means defining a compartment, and port 
means for admitting fluid to said compartment. 

4. Apparatus according to claim 2, said auxiliary an 
chor means including a barrel forming part of said lin 
eal means and a sleeve inside said barrel sealed at each 
end thereof to said barrel, and port means to admit 
fluid to the compartment formed between said mandrel 
and barrel in between the positions where they are 
sealed together. 
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5. Apparatus according to claim 2 including a rotary 
drilling machine connected to said linear means at one 
end thereof. 

6. Apparatus according to claim 5 wherein said lineal 
means is tubular providing means to supply fluid to a 
drilling machine connected thereto. 

7. Apparatus according to claim 6 including valve 
means in said lineal means for supplying fluid from said 
lineal means to said cylinder anchor means, to said aux 
iliary anchor means, to said force means at the outer 
side of said piston, and to said force means at the inner 
side of said piston. 

8. Apparatus according to claim 7 including stop 
means to limit relative axial travel of said cylinder and 
said lineal means, and control means responsive to said 
cylinder and lineal means reaching the limits of their 
relative travel for controlling said valve means to sup 
ply fluid to said cylinder anchor means and the outer 
side of said force means in one position of said valve 
means and to supply fluid to said auxiliary anchor 
means and to the inner side of said force means in an 
other position of said valve means. 

9. Apparatus according to claim 2 including 
means at one end, sometimes hereinafter called the 

inner end, of the linear means for making connec 
tion to a drilling machine, and 

means at the other end, sometimes hereinafter called 
the outer end, of the linear means for making con 
nection to power supply means. 

10. Apparatus according to claim 9 including guide 
means connected to said linear means on the side of 
said piston nearest said outer end of the linear means. 

11. Apparatus according to claim 10 wherein said 
auxiliary anchor means is connected to said linear 
means on the opposite side of said piston from said 
guide means, said auxiliary anchor means functioning 
as an auxiliary guide means when in the released condi 
tion. 

12. Apparatus according to claim 9 wherein said anti 
rotation means is connected to said linear means at the 
side of said piston nearest said inner end of said linear 
C2S. 

13. Apparatus according to claim 12 wherein said 
cylinder anchor means is connected to said cylinder at 
the side thereof nearest the inner end of the linear 
eaS. 

14. Apparatus according to claim 13 including guide 
means connected to said linear means at the side of said 
piston nearest the outer end of said linear means. 

15. Apparatus according to claim 9 wherein said cyl 
inder anchor means is connected to said cylinder at the 
side thereof nearest the inner end of the linear means. 

16. Apparatus according to claim 15 wherein said 
cylinder anchor means includes a barrel around said 
linear means, said barrel being connected to said cylin 
der at the side of the cylinder nearest the inner end of 
the linear means, and said antirotation means includes 
said barrel and barrel cooperating means carried by 
said linear means, the outer periphery of said barrel co 
operating means and the inner periphery of said barrel 
including cooperating means preventing relative rota 
tion thereof. 

17. Apparatus according to claim 16 wherein said 
cylinder anchor means includes means to seal between 
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said barrel and said linear means on opposite sides of 
said barrel cooperating means. 

18. Apparatus according to claim 9, wherein said 
auxiliary anchor means is connected to said linear 
means at the side of said piston nearer the inner end of 
said linear means, said auxiliary anchor means func 
tioning as a guide means when in the relaxed condition. 

19. Apparatus according to claim 18 wherein said 
cylinder anchor means is connected to said cylinder at 
the side thereof nearest the inner end of the linear 
CaS. 

20. Apparatus according to claim 19 including a pri 
mary guide means separate from said auxiliary anchor 
means, said primary guide means being connected to 
said linear means on the side of said piston nearest said 
outer end of the linear means. 

21. Apparatus according to claim 20 wherein said an 
tirotation means is connected to said linear means at 
the side of said piston nearest said inner end of said lin 
ea caS. 

22. Apparatus according to claim 9 including first 
and second fluid passage means for conducting fluid to 
said force means at the outer and inner sides of said pis 
ton respectively and third and fourth fluid passage 
means for conducting fluid to said cylinder and auxili 
ary anchor means respectively. 
23. Apparatus according to claim 22 including guide 

means connected to said lineal means at the outer end 
thereof, said guide means including a barrel shaped 
body having bore wall engaging means spaced apart 
circumferentially around the outer periphery thereof, 
hose connection means extending outwardly from said 
body and having five fluid paths therethrough, and 
communication means communicating said first, sec 
ond, third and fourth fluid passage means with four of 
said five paths, said fifth path communicating with said 
lineal means, said lineal means being tubular providing 
means to supply fluid to a drilling machine connected 
to the inner end of said lineal means. 
24. Apparatus according to claim 23, said communi 

cation means comprising pipe means having fluid pas 
sages therein, four of said fluid passages each extending 
from the inner end of said pipe means to a separate port 
in the outer periphery of the pipe means and the fifth 
of said fluid passages extending from the inner to the 
outer end of said pipe means, said body of said guide 
means having a socket adapted to receive the outer end 
of said pipe means and having four annular grooves at 
the inner periphery of said socket communicating with 
four ports in said pipe means and with said four paths, 
said fifth path communicating with said fifth passage at 
the bottom of said socket. 

25. Apparatus according to claim 22 including valve 
means effective while in a first condition to block said 
second and fourth fluid passage means while said first 
and third fluid passage means are open and while in a 
second condition to block said first and third fluid pas 
sage means while said second and fourth fluid passage 
means are open. 
26. Apparatus according to claim 25 including con 

trol means automatically to shift said valve means be 
tween said first and second conditions. 
27. Apparatus according to claim 26 including stop 

means to limit relative axial travel of said cylinder and 
said lineal means, said control means operating upon 
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said cylinder and lineal means reaching the limits of 
their relative axial travel. 

28. Apparatus according to claim 25 said valve 
means including reversing means to modify said valve 
means to provide that in a third condition thereof the 
first and fourth fluid passage means are blocked while 
leaving the second and third fluid passage means open 
and that in a fourth condition thereof the first and 
fourth fluid passage means are open while the second 
and third fluid passages are blocked. 

29. Apparatus according to claim 28 including con 
trol means automatically to shift said valve means be 
tween said first and second conditions when said re 
versing means is inoperative and to shift said valve 
means between said third and fourth conditions when 
said reversing means is operative. 
30. Apparatus according to claim 29 including stop 

means to limit relative axial travel of said cylinder and 
lineal means, said control means operating when said 
cylinder and lineal means reach the limits of their rela 
tive axial travel. 
31. Apparatus according to claim 30 wherein said 

control means includes a pilot piston and cylinder 
means in one of said first and second fluid passage 
CaS. 

32. Apparatus according to claim 22 wherein said lin 
eal means is tubular providing means to supply fluid to 
a drilling machine connected thereto. 
33. Apparatus according to claim 32 wherein said 

means at the outer end of the lineal means for making 
connection to a source of power comprises connections 
for five fluid path means communicating with said first, 
second, third and fourth fluid passage means and said 
said means to supply fluid to a drilling machine. 
34. Apparatus according to claim 33 including three 

conduit means in said lineal means providing said first, 
second and third fluid passage means. 

35. Apparatus according to claim 34 including a 
fourth conduit means in said lineal means providing 
said fourth fluid passage means. 
36. Apparatus according to claim 35 wherein said 

auxiliary anchor means is nearer said inner end of said 
lineal means than said antirotation means, said fourth 
conduit means extending through said antirotation 
caS, 

37. Apparatus according to claim 32 including con 
duit means having five fluid channels connected to said 
means at the outer end of the linear means for making 
connection to power supply means, said five fluid chan 
nels communicating respectively with said first, second, 
third and fourth fluid passage means and with said 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
means to supply fluid to a drilling machine. 
38. Apparatus according to claim 37 including a cart, 

and a reel means on said cart for winding up thereon 
said hose means. 
39. Apparatus according to claim 38 including a first 

source of fluid connected to the one of said fluid chan 
nels that communicates with said means to supply fluid 
to a drilling machine and a second source of fluid con 
nected to the other four fluid channels. 
40. Apparatus according to claim 39 including con 

trol means carried by said cart for controlling fluid flow 
to said other four fluid channels from said second 
source of fluid. 
41. Apparatus according to claim 40 wherein said 

control means includes valve means in one condition to 
connect said second source of fluid to those two of said 
four fluid channels leading to said cylinder anchor 
means and the other side of said force means and in an 
other condition to connect said second source of fluid 
to the other two of said four fluid channels, and actua 
tor means to shift said valve means from said one con 
dition to said other condition and vice versa. 
42. Apparatus according to claim 41 including means 

actuated when said mandrel and linear means are in 
different relative positions for moving said actuator 
means to shift from one condition to the other and vice 
WSa. 

43. Apparatus according to claim 41 wherein said 
control means includes reversing means to interchange 
the communication between said second source of fluid 
leading to two of said four channels both of which two 
are connected to one of the two groups of channels, i.e. 
the group connected to the two anchor means and the 
group connecting to the force means. 
44. Apparatus according to claim 41 wherein said 

control means includes time delay means to delay dis 
connect of communication from the one of said four 
channels that leads to an anchor means until a preset 
time after opening of communication to the other of 
said four channels that lead to an anchor means and to 
delay effecting communication to one of said channels 
that leads to the force means until said preset time for 
disconnecting communication to the other one of said 
channels that leads to the force means. 
45. Apparatus according to claim 44 wherein said 

control means includes pressure responsive means to 
insure that fluid is supplied to said force means only 
above a preset pressure after functioning of said time 
delay means. 
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