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This invention relates to a complete drilling system for 
boring large diameter holes in the surface of the earth. 
More particularly, this invention relates to a rotary drill 
ing system for sinking large diameter holes of circular 
cross section and about five to fifteen foot diameter for 
mine shafts, ventilation, emergency escapeways, and the 
like. The drilling system of this invention is adapted to 
the boring of large diameter holes up to five hundred feet 
in depth or more depending upon acual conditions en 
countered at the site. 

Because an almost limitless variety of conditions is to 
be expected at various shaft locations and even at various 
depths in a single shaft, the drilling system is versatile and 
adapted to use in many variations dependent upon actual 
conditions. Conditions which effect drilling include hard 
ness of rock, strength of rock, the nature of rock defects 
(including their prominence, orientaton, regularity, and 
frequency), rock porosity and permeability, the amounts 
and pressures of rock fluids (generally water, but on rare 
occasions, oil or gas or mixtures or solutions of them). 

According to the present invention, the drill stem (drill 
column or drill pipe) does not rotate about its long axis 
but serves as a conductor for the passage for one or more 
fluids into or out of the hole, a means of resisting torque 
originating in rotating elements at the bottom of the hole, 
a means of raising or lowering the rotating elements, a 
means of applying pressure to the rotating elements and a 
guide or slide on which a cuttings carrier may travel up 
and down in the hole. 
The rotating elements at the bottom of the hole at the 

end of the stationary drill stem includes a plurality of any 
one of a number of conventional cutting members. These 
cutting members may be “rolling cutters' such as usually 
used in oil well bits, diamond set saws, drags bits, rolling 
discs and the like. The cutting members are held in mill 
housings for rotation over the full shaft bottom. The 
rotary elements are driven from power means contained 
within the mill housing at the bottom of the hole. 
The principal object of this invention is to provide a 

complete drilling system and equipment for boring shafts 
of circular cross section and large diameter in the surface 
of the earth. 
A further object of this invention is to provide a drill 

ing system for boring large diameter holes in the earth's 
surface utilizing a stationary drill stem and rotary cutting 
elements driven from power means at the end of the drill 
stem at the bottom of the hole. 
A still further object of this invention is to provide a 

versatile drilling system adapted to the drilling of large 
dameter holes under widely varying natural conditions. 

Still another object of this invention is to provide a drill 
ing system including a novel and versatile cuttings carrier 
adapted to the performance of a variety of functions. 

Other objects of the invention will become apparent as 
the description proceeds. 
To the accomplishment of the foregoing and relating 

ends, this invention then comprises the features herein 
after fully described and particularly pointed out in the 
claims, the following description setting forth in detail 
certain illustrative embodiments of the invention, these 
being indicative, however, of but a few of the various ways 
in which the principles of the invention may be employed. 
The invention is illustrated by the drawings in which 
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the same numerals refer to corresponding parts and in 
which: 
FIGURE 1 is a simplified schematic representation of 

the elements comprising the drilling system of the present 
invention, including both the surface and down-hole com 
ponents; 
FIGURE 2 is a plan of the derrick floor and auxiliary 

components; 
FIGURE 3 is an elevation of derrick structure which 

may be employed as part of the drilling system; 
FIGURE 4 is a plan view of a portion of the derrick 

and derrick floor structure showing torque resisting means 
for holding the drilling stems stationary; 
FIGURE 5 is a partial elevation showing the torque 

resisting means; 
Fe3URE 6 is a partial plan of the derrick floor show. 

ing spider means for suspending the drill stem when add 
ing or removing drill stem sections; 
FIGURE 7 is a fragmentary section through the spider 

means on the line 7-7 of FIGURE 6 and in the direction 
of the arrows; 
FIGURE 8 is a horizontal section through a drill stem 

element taken generally on the line 8-8 of FIGURE 
9 and in the direction of the arrows; 
FIGURE 9 is a vertical section through the ends of two 

adjacent drill stem elements taken on the line 9-9 of 
FIGURE 8 and in the direction of the arrows; 
FIGURE 10 is a top plan view of the cuttings carrier 

comprising part of the present drilling system; 
FIGURE 11 is a fragmentary vertical section through 

the cuttings carrier in place in a bore hole; 
FIGURE 12 is a fragmentary horizontal section taken 

on the line 2-12 of FiGURE 11 and in the direction 
of the arrows; 
FIGURE 13 is a fragmentary vertical section through 

the cuttings carrier in place in a bore hole and equipped 
for use as a swab; 
FIGURE 14 is a fragmentary horizontal section taken 

on the line 14-4 of FIGURE 13 and in the direction of 
the arrows; 
FIGURE 15 is a vertical section through one form of 

a rotary drill mill shown in working position at the bot 
tom of a bore hole; 
FIGURE 16 is a bottom view of the drill mill show 

ing the drill mill cutting elements in working position; 
FIGURE 17 is a bottom view similar to FIGURE 16 

but showing the drill mill cutting elements retracted for 
movement of the drill mill into or out of the bore hole; 
FIGURE 18 is a vertical section through a modified 

form of drill mill; and 
FIGURE 19 is a bottom view of the modified drill mill 

utilizing diamond set saws. 
Referring to the drawings and particularly to FIG 

URES 1 and 2, there is shown in simplified and schematic 
form, the overall arrangement of components compris 
ing the large bore hole drilling system of the present 
invention. These components include a derrick struc 
ture, indicated generally at 10 and rising vertically above 
the bore hole in the earth's surface, indicated generally 
at 11. The top platform (or water table) of the der 
rick is fitted in the conventional manner with a plurality 
of sheaves 12 adapted to receive cables or lines 13 which 
in turn extend to power driven winches 14 or similar 
power driven draw works. The derrick and associated 
mechanism is supported from a deck or floor 15 Supported 
slightly above the earth's surface. A pipe rack 16 for hold 
ing drill stem sections is placed conveniently nearby. One 
or more block and tackle arrangements 17 are provided 
within the derrick structure for pulling sections of the 
drill stem, indicated generally at 18, and performing 
other hoisting functions. 
A mud pit is is provided to contain drilling mud or 
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other drilling fluid which is pumped through one or more 
mud pumps 20 through hose 21 to the drill stem and to 
the bottom of the bore hole for lubrication of the cut 
ting elements and to assist in removal of cuttings from 
the bore hole. A swinging spout 22 is provided at the 
surface to receive mud and cuttings from the cuttings 
carrier in a manner to be explained in greater detail here 
inafter and convey them to a screen 23 from which the 
drill mud returns through a flume or conduit to the mud 
pit 19 and the cuttings collected on screen 23 are dis 
charged as Waste. 
located immediately adjacent the derrick, as at 24, to 
house the operator. . . . 
Means indicated generally at 25 (and shown in greater 

detail in FIGURES 4 and 5) are provided for the purpose 

4 
the two jaws 46 are brought together on opposite sides 
of the drill stem and the facing flanges 47 of the op 
posite jaw members are secured together as by means 
of bolts 48 and nuts 49. 
With the jaws thus gripping the drill stem, the stem is 

held against rotation. The facing flanges of the opposite 
jaws are not secured together so tightly, however, as to 

O 
A shelter of some sort is desirably 

5 
of gripping the drill stem 18 during the drilling operation 
to prevent rotation of the drill stem. Spider means, 
indicated generally at 26 (and shown in greater detail 
in FIGURES 6 and 7), are provided for the purpose of 
suspending the drill stem while adding or removing drill 
stem sections. A cuttings carrier, indicated generally 
at 27 (and shown in greater detail in FIGURES 10. 
through 14), surrounds the drill stem at a point between 
the surface and the bottom of the bore hole. A drill 
mill, indicated generally at 28 (and shown in greater 
detail in FIGURES 15 through 19), performs the cut 
ting operation at the bottom of the bore hole. 
additional pressure is desired to be exerted against the 
drill mill, added weight may be applied at the top of the 
drill mill at 29 for this purpose. 
optionally be provided for alignment of the drill mill, 
if necessary. .. 

Surface Components 
Referring now to FIGURES 3 through 7, certain of the 

Surface components are shown in greater detail. Der 
rick structure is shown in greater detail in FIGURE 3. 
The water table or sheave deck 31 at the top of the der. 
rick is adapted to mount a plurality of sheaves of which 
sheaves 12A, 12B and 12C are shown. The plurality 
of winches or hoists 14A, 14B and 14C along with the 
plurality of sheaves and suitable lines or cables 3A, 
13B and 13C can be made to perform a large variety of 
different jobs. In the arrangement as shown, hoist 14B 
functions as a drill stem hoist by means of cable 13B, 
sheave 12B, and tackle device 17B. Cables 13A and 
13C and sheaves 12A and 12C operate floor tackle ele 
ments 17A and 17C, respectively, for hoisting of drill 
stem sections, the cuttings carrier, derrick floor sections 
and the like. 
A. manifold 32 is suspended from drill stem tackle 

17B. Manifold. 32 is provided with a plurality of con 
nections 33-36 for introducing mud, water, air, oil, elec 
tric power lines, and the like to separate channels of 

Where - 

Wall jacks 30 may 

inhibit vertical movement of the drill stem. Thus, the 
drill stem may pass progressively through the gripping 
jaws at the same rate as the drill mill at the bottom end 
of the drill stem cuts its way deeper into the earth. A 
plurality of clevis-like devices 40 are preferably provided 
at different heights along the derrick to permit the drill 
stem to be held against rotation at that height above the 
derrick floor which is most convenient to the operator 
under particular operating conditions. When the drill 
mill is not operating and it is desired to raise or lower 
the drill stem to add or remove drill stem sections, 

20 

25 

on their pivoted arms. 
the jaws are simply unbolted and swung out of the way 

Then when drilling operations are 
resumed, the jaws and arms are swung back into position 
and secured together. 

In FIGURES 6 and 7, there is shown a spider means 
for suspending the drill stem in the bore hole while add 
ing and removing drill stem sections. It will be readily 
understood to those skilled in the art that as drilling 
proceeds, additional drill stem sections must be added to 
lengthen the drill stem as the drill mill cuts its way deeper 
into the earth. Each time the drill mill has progressed 

30 

35 

40 

a distance equal to the length of a drill stem section, the 
drilling operation must be halted while a new section of 
drill stem is added. Conversely, as the drill mill is 
hoisted from the bore hole it must be raised intermittently 
to permit the drill stem to be shortened by removing 
each section of drill stem as it is removed from the 
bore hole. Since the hoist means must be disconnected 
from the drill stem as new drill stem sections are added 
or drill stem sections are removed some means must be 
provided to hold the drill stem joint at a convenient work 
ing level to permit separation of the drill stem sections. 
During hoisting operations, such means are imperative to 
prevent the drill stem from falling back into the bore 
hole. 

45 

for the bore hole. 

50 

the drill stem and the drill mill and for the return of one: 
or more of these mateials as required by the particular 
drilling arrangement used. Manifold 32 is provided with 
a flanged face plate 37 corresponding to the flanged face 
plate at one end of each drill stem section and adapted to 
meet with the corresponding flanged face plate 38 at 
the opposite end of each drill stem section, as best shown 
in FIGURES 8 and 9. 

Referring now to FIGURES 4 and 5, there is shown 
in greater detail, torque or torsion resisting means. A 
clevis bracket 40 is welded or otherwise secured to each 
of two adjacent posts 39 of the derrick structure 10. 
An angularly bent arm 41 has one end fitted between the 
clevis bracket jaws and pivotally held therein by means 
of a pin 42 or equivalent fastening means. A similar 
clevis bracket 43 engages the opposite end of arm 41 and 
is pivotally secured thereto by means of a bolt 44 and 
nut 45. To each of brackets 43, there is welded or 
otherwise secured a jaw member 46 having outwardly 
extending vertical flanges 47 on opposite sides. Jaw 46. 
is of a shape adapted to fit and extend partially around 
drill stem 18. To hold the drill stem against rotation 
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The derrick platform 15 is desirably provided with a 
flanged ring 50, whose inside diameter is equal to or 
slightly greater than the diameter of the hole being drilled, 
for the purpose of supporting temporary covering means 

In the illustrated embodiment, the 
bore hole is covered by means of a pair of semi-circular 
plates 51 supported in the flanged ring 50. Each of the 
plate members 51 is fitted with an eye 52 adapted to 
be engaged by cat-line tackle or the like for removal of 
the heavy plates. Each of plates 51 is provided with a 
V-notch 53 of a size and shape to permit passage of the 
drill stem 18 when the plates are in place in the derrick 
floor. A : dog. 54 pivotally supported in a clevis-like 
bracket 55 by means of a bolt 56 and nut 57 is positioned 
with respect to the notch 53 that the free end of the dog 
overlies a portion of the notch. An eye 58 on the top 
Surface of the dog 54 enables the dog to be swung in its 
pivotal mounting out of alignment with the notch 53. 
The wall of each drill stem section at the upper end 

adjacent the connecting joint between drill stem sections is 
provided with a cut-out portion or notch 59. A shoulder 
60 at the upper end of the cut-out portion or notch 59 in 
the drill stem section engages the upper surfaces of the dog 
54 when the dogs are in position for suspending the drill 
stem. When it is desired to lower, the drill stem, the drill 
stem is lifted a short distance to free the dogs and the dogs 
54 are swung out of the way away from the path of the 
drill stem. Then when it is desired to again engage the 
drill stem, the dogs are swung into the path of the drill 
stem and the drill stem is raised or lowered until the free 
ends of the dogs 54 engage the notches 59 in the drill 
stem. When the drill stem is being hoisted, it is not nec 
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essary that the dog be disengaged from the drill stem 
since the free ends of the dogs will simply ridge the edges 
of the drill stem until they engage the next following 
notch. 

Drill Sten 
The details of construction of the drill stem are shown 

in FIGURES 8 and 9. In order for the drill stem to be 
held against rotation, it is preferably some shape other 
than circular in cross section. The square cross section 
shown is preferred but the drill stem might also be trian 
gular, hexagonal, octagonal or some other shape if desired. 
The drill stem is composed of a plurality of sections each 
section being some convenient length, such as 10 feet, 15 
feet, 20 feet, or the like. Each drill stem section includes 
a pair of matching face plates 37 and 38 secured at op 
posite ends of a tubular casing 61. Casing 6 is prefer 
ably circular in cross section whereas the face plates are 
the desired non-circular shape of the overall drill stem 
cross section. The face plates are larger in area than the 
cross sectional area of casing 61 with the result that the 
edges of the face plate function as flanges to permit Sec 
tions of drill stem to be secured together. 
As shown in FIGURE 9, two drill stem sections are 

fastened together by bringing the matching flanged face 
plates together with a gasket 62 in between them and 
fastening together with heavy bolts 63 and 64 and nuts 65 
for easy assembly and dis-assembly. The face plates are 
fastened at each of the corners to make a tight and 
rugged connection. Normally solid bolts are used but 
hollow bolts 64 may be used in some instances where it 
is desired to pass a further transmission line or tube 
through the drill stem, as explained in greater detail here 
inafter. 
An outer casing 66 of the desired non-circular cross 

section is supported from casing 61 by means of a plate 
67 at each end of the drill stem section. The plate 67 is 
provided with a circular opening surrounding casing 61 
and the plate is secured to the casing by welding or 
equivalent fastening means. The outer edge of plate 67 
is welded or otherwise secured to the non-circular casing 
66. The non-circulation casing 66 is of a length suffi 
ciently less than the overall length of each drill stem sec 
tion to provide working room for insertion and tightening 
of the fastening bolts. 
The face plates 37 and 38 at opposite ends of the drill 

stem sections are of generally the same shape and size 
as the cross section of the non-circular casing 66 and are 
oriented so that no portion of the end plates extend out 
beyond the outer perimeter of the casing 66. This is to 
permit a cuttings carrier or other auxiliary equipment to 
be guided into and out of the bore hole along the drill 
stem without obstruction by the drill stem joints. 

Positioned concentrically within the casing 61 are a 
plurality of pipes or tubes 68, 69 and 70 extending the 
entire length of the drill stem section from one face plate 
to the other. The pipes provide channels for the passage 
of drilling mud, water, steam, compressed air or other gas, 
bore hole cuttings and the like up or down through the 
drill stem, as necessary. The tubular members 61, 68, 
69 and 70 are secured to the plates 37 and 38 at opposite 
ends of each of the drill stem sections. The tubular 
members may be screwed to the end flanges by providing 
the end of the tubes and channels in the end plates with 
threads of the same pitch so that an end plate may be 
screwed onto all of the tubes at once. The innermost and 
outermost tubes are accessible for welding. Alternative 
ly, the inner tubular members may be seated in annular 
grooves milled in the inner faces of the drill stem section 
end plates and preferably gasketed to prevent leakage. 
To afford access to the channels between the tubular 

members of the drill stern sections to permit circulation 
of fluids through the drill stem, the flange plates 37 and 
38 and the gasket 62 are each provided with a central cir 
cular opening 71 communicating directly with the inner 
most tubular member 70. A plurality of slots 72 dis 
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6 
posed in an annular pattern spaced outwardly from the 
central opening communicates directly with the annular 
space between tubular members 70 and 69. A similar 
annular arrangement of slots 73 spaced outwardly from 
the slots 72 communicates through the flange plates and 
gasket with the annular space between tubular members 
68 and 69. A third annular arrangement of slots 74 
communicates with the space between the outside surface 
of tubular member 69 and the inside surface of the outer 
casing 61. The openings in the facing flange plates and 
gasket must, of course, be in registry. Where it is desired 
to close off one or more of the communicating channels 
through the drill stem this may be accomplished by use 
of gasketed blank plates omitting certain of the openings 
so as to seal off whichever channels are not desired to be 
used. 

Still further communicating. means through the drill 
stem may be provided by the use of tubular members 
passing through the drill stem between the outer non 
circular casing 66 and the outer circular casing 61. A 
pipe or tube 75 may be passed through the space in the 
corners of the drill stem to circulate a fluid such as 
compressed air or to pass an electric power line or the 
like. Tube 75 passes through plates 67 through water 
tight glands or similar packing 75 and through the flange 
plates through a hollow bolt 64. The segments of tub 
ing 75 in adjacent drill stem sections are joined together 
by means of a suitable water tight telescopic connector 77. 

Instead of using concentric multiple pipes as illustrated 
and described, a plurality of parallel pipes of lesser diam 
eter or a webbed conduit, as illustrated and described in 
my prior United States Patent 1,876,627, may optionally 
be employed. It is to be understood that in the event the 
construction of my earlier patent is used an outer non 
circular casing would be provided to permit the drill stem 
to be held against rotation. 

Cuttings Carrier 
A cuttings carrier for removal of bore hole cuttings is 

shown in FIGURES 10, 11 and 12. In FIGURES 13 
and 14 the cuttings carrier structure is modified for use 
as a swab. In FIGURES 11 through 14 the cuttings car 
rier structure is shown in a large bore hole cased by cas 
ing 78. The cuttings carrier rests at the bottom of the 
bore hole on the top of a bumper 79 at the top of a drill 
mill indicated generally at 28. The cuttings carrier, in 
dicated generally at 27, is essentially a large bucket 
adapted to be guided by the drill stem in its passage up 
and down through a bore hole. The carrier includes a 
heavy bottom wall or bulkhead 80 supported on a bot 
tom spider member 81, both being provided with a cen 
tral opening through which the drill stem i8 passes. 
The bottom spider is supported by a plurality of heavy 

feet or pads 82 which perform several functions. The di 
ameter of the cuttings carrier at the pads 82 is such as 
to just provide sliding clearance in the bore hole for the 
cuttings carrier. When the carrier is at the bottom of 
the bore hole resting on bumper 79 the bottoms of the 
pads 82 rest on the top of the drill mill housing and act 
as guides to keep the drill mill plumb. The spaces be 
tween the pads 82 provide passageways for cuttings from 
the drill mill to the carrier. As explained in greater de 
tail hereinafter, the pads also serve to elevate the carrier 
bottom wall so that the cuttings dump valve remains 
closed and the top edges of the pads serve as a landing 
bumper for a Swabbing O-ring assembly. 
The side wall 83 of the cuttings carrier is cylindrical 

and extends upwardly from the bottom bulkhead for a 
distance about equal to the diameter of the bore hole or 
greater. The carrier wall may be fluted if desired to facili 
tate the passage of larger cuttings. A top spider 84 is 
fitted into the top of the carrier to impart additional sta 
bility under the great weight and pressures to which the 
carrier is subjected when in use. A hoisting bail 85 ex 
tends up from the top spider to facilitate hoisting of the 
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carrier from the bore hole by means of suitable hoisting 
means on the surface. - 
The hoisting bail 85 is provided with a three-sided guide: 

86 to fit around the drill stem. The guide is desirably 
lined with sheets of hard rubber material 87 or the like to 
serve as a friction slide against the outer face of the drill 
stem. A guide tube 88 extends between the top spider 
84 and bottom spider 81 of the cuttings carrier aligned. 
with guide 86. Guide tube 88 is also desirably lined with: 
hard rubber or similar wear material. 
To facilitate emptying of the cuttings carrier one or 

more openings 89 is provided in the bottom wall of the 
cuttings carrier and fitted with a dump valve indicated 
generally at 90. The dump valve is a dart valve which 
includes a conical or semispherical valving member 95. 
seated in a valve seat recessed in the carrier bottom Wall: 
around the opening 89. A stem 93 extends downwardly 
from the valving member 91 through the opening 89 and 
is provided with a bumper member 94 at its lower extrem 
ity. . - 

the weight of the valve itself and any material on top" 
of it in the cuttings carrier holds the valve shut. When it 
is desired to empty the cuttings carrier it is hoisted to 
the surface and positioned over a spout or flume or the 
like and lowered so that the bumper 94 is brought into 
contact with some projection and raised to unseat the valve 
element and permit the contents of the carrier to be dis 
charged. 
A plurality of relief tubes 95 are provided extending 

from the top to the bottom of the cuttings carrier to facili 
tate lower of the carrier into a shaft or bore hole filled 
with liquid and raising the filled carrier through a liquid 
column. Because the bottom diameter of the carrier is 
substantially the same as the diameter of the bore holes 
considerable resistance is offered by liquids Such as water 
or drilling mud against the passage of the carrier. Since 
the liquid can ordinarily be displaced only around the 
perimeter of the carrier. The provision of relief tubes 95 
permits displacement of liquid also through the relief 
tubes and thereby facilitates passage of the carrier. 

In some instances one of the relief tubes 95 may be 
used as a slide around a power line from a line spool or 
reel at the surface to a motor in the drill mill housing. 

O 

5 

20 

8 
the drill mill at the bottom of the bore hole. The cut 
tings are carried up around the periphery of the bore hole 
by the drilling fluid, up around the sides of the carrier, 
and settle into the carrier. 

Because of its strong construction through the bottom 
bulkhead up to and including the hoisting bail, the car 
rier may be used as a drive hammer for driving stand 
pipe. It may be filled with fluid or cuttings or like ma 
terials for extra weight for use as a drive hammer or for 
supplying weight to the drill mill for drilling purposes, as, 
for example, in starting a hole at the surface. The 
carrier surrounding the drill stem may be suspended at 
some intermediate level between the drill mill and earth's 
surface to keep the drill stem plumb and stiff. The car 
rier may be used as a safety platform or elevator to 
carry men into the bore hole, to condition the bore walls. 
Two or more cuttings carriers may be used together for 
any of these purposes. When the carrier is provided with 
its tight fitting O-ring structure, it may be used as a swab 
to dewater the bore or to surge fluid and cuttings in the 
hole. 

- - - Drill Mills 

Two forms of drill mill structure which may be utilized 
in the large diameter drilling system of the present inven 
tion are shown in FIGURES 15 to 19. The drill mill 
shown in FIGURES 15 through 17 is illustrated as utiliz 
ing rolling, cutters of the type usually used in oil well 
‘drilling. The drill mill shown in FIGURES 18 and 19 
is illustrated as, utilizing diamond set saws. Other cut 
ters may be used with either mill. 

Referring particularly to FIGURES 15 through 17, the 
drill mill indicated generally at 28 is connected to the 
bottom of the non-rotating drill stem 18 by means of a 
flanged connector. The drill stem extension 99 which ex 
tends down through the drill mill housing is circular in 
Cross Section and is provided at its upper end with a 
flanged face plate 38A having openings designed to reg 

4. 

ister with the corresponding openings in the flange plate 
37 at the bottom end of the lowermost drill stem section. 
The drill stem extension 99 includes an outer casing 100 
of circular cross section and a single inner tube 101 thus 

The space provided under the bottom of the carrier by 
feet or pads 82 protects the line when the carrier lands on 
the bumper just above the drill mill housing at the bottom 
of the bore hole. 
When the cuttings carrier is used as a swab as shown 

in FIGURES 13 and 14 the use of the relief tubes is not 
desired and they are therefore closed off by means of 

45. 

providing two channels for circulation of fluid. It will be 
understood that additional channels for fliud may be pro 
vided as desired or needed as described in connection with 
the description of the drill stem in FIGURES 8 and 9. 
The drill mill housing is generally in the form of a 

cylindrical tube open at one end and made up of a plu 
rality of cylindrical sections as described hereafter. The 
upper end of the housing includes a circular top plate 

50. 
screw caps 96 or plugs or equivalent closing means. Al 
ternatively, the relief tubes may be fitted with one-way 
check valves which permit flow of fluid through the relief. 
tubes in one direction only. On other occasions pop-off. 
valves are fitted in the relief tubes which pass fluid only 
after a predetermined pressure has been reached. ... When 
the carrier is used as a Swab, one or more flanged rings. 
or annular channels 97 each fitted with an O-ring 93 
of resilient material such as rubber or the like are secured 
to the outer perimeter of the cuttings carrier supported 
by the top surfaces of the feet or pads 82. If the carrier. 
sidewall is fluted the O-ring supporting fitting must also 
be fluted. 

In use, the cuttings carrier is suspended from a hoisting - 
65 drum on the surface with wire rope tackle. The cuttings 

carrier can be operated at any level, as desired, in the 
derrick or up or down the bore hole, whether the drill 
stem and drill mill are in or out of the hole. It will be 
understood, of course, that the function of the cuttings 
carrier will vary depending upon the level of operation 
and whether the drill stem and drill-mill are simultane 
ously in use. The cuttings carrier does not revolve and 
is not connected to anything that does revolve. Its direc 
tion of movement is intended to be vertical only. The car 
rier is intended primarily for use to remove cuttings from 75 thrust bearing structures. 

55. 
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82 having a central opening through which the drill stem 
extension 99 passes. A bushing or sleeve of bearing ma 
erial 103 is disposed in that opening between the drill 
stem extension and the mill-housing top plate to permit 
rotation of the mill housing about the drill stem exten 
sion. A deep annular flange 104 is provided on the top 
surface of the mill housing top plate 102 surrounding 
the drill-stem extension and packing 105 is forced into the 
Space between the flange and the drill stem extension to 
maintain a watertight seal at the top of the drill mill 
housing. ; ::::::... . . . . . . . . . . . . . . . 
The uppermost section of the drill mill housing is 

formed by a cylindrical wall 106 welded or similarly se 
cured to the periphery of top plate 102 and having an 
inwardly extending lower annular flange 107. An inter 
mediate circular plate 108 is bolted or similarly secured 
to the bottom face of flange 107. Plate 108 is provided 
with a central opening through which the drill shaft ex 
tension 99 passes. A bushing 109 is provided in the 
opening between the plate 108 and the drill stem exten 
Sion to permit the mill housing to be rotated about the 
drill stem extension. - . 

Drilling thrust is applied to the drill mill housing by 
means of a heavy annular plate 110 secured to remain 
stationary with the drill stem extension and by means 

The bearing structures include 
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a pair of annular races 111 and 12 carried on opposite 
sides of the thrust plate 110, a cooperating annular race 
113 supported under the housing top plate, a further co 
operating annular race 114 carried by annular flange 107 
and a plurality of ball or roller bearings 115 and 6. 
Since the drill stem is stationary, the thrust plate it is 
also stationary. However, when rotational movement 
is imparted to the drill mill housing by the motor power 
of the drilling elements, the housing is free to rotate about 
the drill stem extension. 
The next following section of the mill housing serves 

as a motor housing and is made up of a cylindrical wall 
section 117 having an inwardly extending annular flange 
18 at its upper end secured to intermediate plate 108 and 

an inwardly extending annular flange 119 at its lower end 
to which a second intermediate piate 120 is secured. Plate 
120 is provided with a central opening through which the 
drill stem extension passes. A bushing 12i is positioned 
in the opening between the plate and drill stern extension. 
A tubular sleeve 122 extends between and is Secured at 
opposite ends to intermediate plates 108 and 129 and Sur 
rounds the drill stem extension to seal off the motor hous 
ing from the drill stem. 
Motor means indicated generally at 23 are provided 

in the second section of the drill mill housing. A motor 
means is provided for each gang of cutters. The motor 
Ineans may be electric motors, hydraulic motors Such as 
mud driven turbines or the like, air motors, steam driven 
motors, diesel motors or the like, depending upon the par 
ticular needs and conditions. For stability, the drive 
shaft 124 of the motor means 23 preferably extends out 
both ends of the motor housing. The upper end of shaft 
124 is journalled in bushing 125 in intermediate plate 
1608. The opposite end of the drive shaft is journalled 
in bushing 26 in the second intermediate plate 28. The 
lower end of drive shaft 24 is provided with a flange 27 
for attachment to a matching flange 28 of a drive shaft 
extension 129. The flanged joint may be secured in any 
suitable manner. 
A spur gear 30 is keyed to at least one of the drive 

shaft extensions 129. The teeth of gear 30 mesh with 
the teeth of a ring gear 13 surrounding and secured to 
the drill stem extension. Because the drill stem extension 
is held stationary, when shaft 24 and gear 136 are ro 
tated by the motor means 123, the teeth of the rotating 
gear 139 mesh with the teeth of the stationary gear 3: 
and cause rotation of the entire drill mill housing. At 
the same time, the several gangs of cutters are rotated. 
The section of the mill housing in which this mill housing 
drive means is enclosed includes a third cylindrical wall 
Section 132 provided with an annular inwardly extending 
flange 33 at its upper end secured to plate 423 and an 
annular inwardly extending flange 34 at its lower end 
to which a third intermediate plate 135 is secured. Plate 
E35 is provided with a central opening through which 
the drill stem extension passes. A bushing 136 between 
plate 35 and the drill stem extension permits rotation of 
the mill housing about the stationary drill stem. An an 
nular spacer 37 is positioned between spur gear 130 and 
intermediate plate 135 to forestall the possibility of gear 
i3 slipping on the drive shaft. 
The fourth segment of the drill mill housing includes 

a fourth cylindrical section of housing wall 33 having an 
inwardly extending annular flange 139 at its upper end by 
which the wall section is attached to the third interme 
diate plate 135 and an inwardly extending annular flange 
i40 at its lower end by which a fourth intermediate piate 
141 is supported. An inside cylindrical wall section E42 
provided with an upper outwardly extending flange i43 
and a lower outwardly extending annular flange E.44 is 
also provided between plates 135 and 141. Plate 141 is 
provided with a central opening through which the sta 
tionary drill shaft extension 99 extends. A bushing 45 
in the space between the plate and drill stem permit rota 
tion of the plate and the mill housing. The lower surface 
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of the fourth intermediate plate 141 is provided with an 
annular flange 146 surrounding the stationary drill stem 
extension. Packing material 147 is fitted into the Space 
between the flange and drill stem to insure against leakage 
of fluid into the motor and drive gear housings. 
The lower end of drive shaft extension 29 is jour 

nalled in bushing 48 in the third intermediate plate 135. 
The drive shaft extension is provided with a flange 49 
by which it is secured to a matching flange 150 of a driven 
manifold 15, the upper end of which is journalled in 
bushing 52 in the fourth intermediate plate 141. The 
lower surface of plate 4 is provided with an annular 
flange 153 surrounding each of the manifolds 51. Pack 
ing material 154 is forced into the annular space between 
the flange and manifold. 
The fifth drill mill housing section is enclosed within 

cylindrical wall section 55 which is provided with an 
upper inwardly extending annular flange 556 by which it 
is secured to the fourth intermediate plate and a lower 
inwardly extending annular flange i57 by which bottom 
plate 158 is supported. This section of the housing also 
includes an inner cylindrical wail section i59 extending 
between the plates 4 and 158 and having outwardly 
extending annular flanges 60 and iói at the top and 
bottom, respectively. 

it will be noted that the outer casing of the drill stem 
extension 93 terminates in this section of the housing 
and the channel between the outer casing and the inner 
tube 101 of the drill stem extension communicates directly 
with this section of the housing. A plurality of holes i52 
are provided in the inner wall 159 to permit flow of fluids 
from the outer drill stem channel to the opening 163 of 
the manifold 51. 
The bottom plate 158 is provided with a central opening 

through which the inner tube 101 of the drill stem ex 
tension passes. A bushing 64 is fitted into the space 
between the bottorn plate and inner tube to permit the 
bottom plate to be rotated about the inner tube. A deep 
annular flange 165 is provided on the upper surface of 
bottom plate 158 surrounding the drill stem inner tube 
and packing material is forced into the space between the 
flange and the inner tube. A similar flange and packing 
167 and 68 are provided on the bottom surface of the 
bottom plate surrounding the inner tube. The lower end 
of manifold i5: is journalled in bushing 169 in bottom 
plate 158. Access openings may be provided in each of 
cylindrical mill housing wall sections as needed and de 
sired. These openings are provided with gasketed cover 
plates which may be bolted or otherwise secured in place. 
The upper surface of bottom plate 58 is provided with a 
deep annular flange i70 surrounding each of the manifold 
tubes and the space between the fiange and manifold is 
filled with packing material iii. 
The lower end manifold 59 is provided with a flange 

172 adapted to be secured to the flange 73 of a manifold 
extension tube 74 for carrying drilling fluid to the cut 
ting surface and the cutting elements. An annular bear 
ing race 175 is secured to the bottom surface of bottom 
plate 158 surrounding the manifold. A complementary 
bearing race 76 is secured to the manifold for rotation 
therewith and ball or roler bearings 77 rotate between 
the races. A housing 378 encloses the bearings and 
flanges 72 and 73. The manifold extension tube 174 
is journalled in a bushing 179 in the bottom wall of hous 
ing 178. A deep flange 80 is provided extending from 
the bottom wall of the housing 78 surrounding the mani 
fold extension tube. The space between the flange 180 
and the tube is packed with packing material 181. 
The gangs of cutter elements, indicated generally at 

182 and 183, are secured to and rotate with the manifold 
extension tubes. The cutter gangs are housed in the last 
open ended section of the housing within a cylindrical 
bottom wall section 184 having an inwardly extending 
annular fange 85 by which the bottom wall section is 
secured to the bottom plate 158. The gang of larger cut 
ters, indicated generally at 182, are supported from a cir 
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cular heavy plate 186 having a central opening through 
which the manifold extension tube passes. The plate 186 
is welded or otherwise secured to the manifold extension 
tube for rotation therewith. Each cutting member 187 
is rotatably mounted at the lower end of a support bracket 
or leg 188 which in turn is pivotally secured to the heavy 
plate 186 by means of a bolt 189 and a nut 190 or equiv 
alent pivotal fastening means. 
As best seen in FIGURE 16, when the motor means are 

operated to rotate the supporting plate 186 in one direc 
tion, the pivoted brackets 188 bear against bumper blocks 
191 secured to the lower surface of the plate 186. The 
cutter elements 187 are then rotated by contact with the 
bottom of the bore hole. Thus the individual cutting 
members rotate about their angularly disposed axes, the 
gangs of cutters driven by the motor means rotate about 
the axes of the motor drive shafts and, at the same time, 
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the entire mill housing rotates about the axis of the drill. 
stem. When the drill mill is thus in operation the cutters. 
187 in their normal path of travel extend out beyond 
the periphery of the drill mill housing and into the space 
underlying casing shoe 192 at the bottom end of the bore 
hole casing 78. This permits the bore hole to be cased 
progressively as the hole is deepened. No problem arises 
so long as drilling proceeds satisfactorily. However, 
when it is desired to remove the drill mill from the cased 
bore hole, either at the completion of the drilling or to 
make some repair or adjustment or replacement of parts 
or the like, it is necessary that the extending cutter ele 
ments be retracted in order to permit the drill mill to be 
hoisted up through the cased hole. 
As shown in FIGURE 17, this result is accomplished 

by reversing the directions of rotation of the motor means. 
When this is done the bumper blocks 9i no longer bear 
against the pivoted brackets 188 and those brackets are 
permitted to swing inwardly to retract the cutting mem 
bers 187 so that they lie wholly within the perimeter of 
the drill mill housing. 
The gang of smaller cutters, indicated generally at 183, 

is supported from a heavy circular plate 93 surrounding 
and secured to another of the manifold extension tubes 
for rotation therewith. The gang includes a plurality of 
cutter members 194 supported for rotation about an angu 
lar axis. 
end of a bracket 195 rigidly secured to the plate 193 as 
by means of bolts 196 and nuts 197 or equivalent fasten 
ing means. Because the gang of smaller cutting elements 
do not extend beyond the drill mill housing, they may be 
rigidly attached without the provision of means for retrac 
tion. The gangs of smaller cutters 194 are rotated in 
the same manner as the larger cutters. The individual 
cutters rotate about their axes as the gangs rotate about 
the axes of the motor drive shafts and the housing rotates 
about the axis of the drill stem. 

In the rotation of the several gangs of cutters it will b 
noted that the entire surface area of the bottom of the 
hole is traversed by one or more of the individual cutting 
elements. The mineral material through which the drill 
is passing is chipped and worn away by an infinite number 
of biting contacts with the teeth of the cutters. As a 
typical example, the drill mill for an eight foot diameter 
shaft will weigh between about 15 and 20 tons. This 
weight provides more than ample push to make the in 
dividual drill bits work properly. 

In the embodiment shown in FIGURE 15, as an ex 
ample, so called "reverse' circulation is practiced. A 
drilling fluid is passed down through the drill stem in the 
annulus between the outer casing 100 and inner tube 101 
and discharged into the chamber between bottom plate 
158 and the next uppermost intermediate plate 141 of the 
drill mill housing. The fluid passes through the open 
ings 162 in the annular wall 159 and into the openings 
163 of the manifold tube 51. 

Each of the cutters 194 is supported from the 

It will be noted that the 
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drilling fluid passes through the manifold and manifold 
extension and is discharged in the area of the cutting 
elements 187 and 194 to lubricate the cutting members 
and to carry away the cuttings. ... 
The drilling fluid and entrained cuttings are returned to 

the surface through the inner tube 101 where the cut 
tings are screened out and the fluid is returned to the mud 
sump for recirculation. A further channel of the multi 
ple pipe drill stem may be used to convey air under 
pressure to the vicinity of the lower end of tube 101 to 
give a jet assist for removal of cuttings. A screen or per 
forated cap is preferably applied over the open end of 
inner tube 101 to hold out any larger cuttings which 
might block the inner tube. The outside perimeter of 
the drill mill housing is desirably provided with one or 
more annular grooves into which O-rings 198 may be 
fitted to close off the space between the mill housing and 
the bore hole casing to create resistance to the drilling 
fluid to facilitate forcing it up through the center drill 
stem tube. 
Where the cuttings carrier is used to remove cuttings 

(as is usually desirable when working at depths exceeding 
100 feet) O-rings 198 are not used and the drilling fluid 
and suspended cuttings are then forced up around the out 
side wall of the drill mill housing, between the housing 
and casing to the top of the drill mill housing, and then 
up along the outside wall of the cuttings carrier to the top 
of the carrier and thence into the cuttings carrier. It will 
be understood that the bore hole will be filled with drilling 
fluid to a level above the top of the cuttings carrier but 
that the denser fluid containing suspended cuttings will 
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settle in the cuttings carrier and the cuttings will tend to 
settle out of the fluid. 
Under some circumstances both direct circulation (by 

which the cuttings are deposited in the cuttings carrier) 
and reverse circulation (by which the cuttings are forced 
up through the drill stem) may be used together to attain 
a balanced circulation. Either means of transporting the 
cuttings to the surface may be used in the same bore hole 
at different levels depending upon depth and other condi 
tions. One advantage of reverse circulation is that the 
fluid level in the bore hole need only be maintained just 
high enough to cover the drill mill. This is an advantage 
in that a much smaller volume of drilling fluid is needed. 
It is a further advantage when drilling into a mine work 
ing as, for example, when drilling an escapeway. The 
weight of a fluid column does not cause the roof to be 
broken in as the drill holes through and the mine is not 
flooded by a large column of fluid. 

Referring now to FIGURES 18 and 19, there is shown 
a modified form of drill mill. The modified drill mill is 
indicated generally at 28A and includes a generally cylin 
drical housing mounted for rotation about the stationary 
drill stem. Corresponding parts are identified by the 
same numerals: as used in connection with FIGURE 15. 
With the exception of the thrust.bearing section of the 
housing, the housing sections are enclosed in cylindrical 
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wall sections having outwardly extending annular flanges 
for greater ease in assembly and disassembly of the hous 
ing. The housing sections are desirably joined by bolts 
and nuts. Thus, the motor housing is enclosed in a 
cylindrical wall section 117A having an upper outwardly 
extending annular flange 118A and a lower outwardly ex 
tending flange 119A. Similarly the gear housing section 
is enclosed within a cylindrical wall section 132A having 
outwardly extending flanges 133A and 134A. The drill 
fluid manifold section is likewise enclosed within a cylin 
drical wail section 155A having outwardly extending 
flanges 156A and 157A. Access openings may be pro 
vided in the wall sections as previously described. 

Specific means for powering an electric motor through 
the drill stem are shown. An electric cable 199 suitably 

motor drive shaft. and drive shaft extension are hollow . 
to permit the passage of drilling fluid for lubrication of the 
thrust bearings in the uppermost housing section. The 75 

insulated and waterproofed extends down through the 
annulus between the outer casing and inner tube of the 
stationary drill stem. The cable conductors 200 are 
passed through the casing wall while insulated from the 
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wall to make electrical contact with conducting slip rings 
291 of copper, bronze, carbon or the like secured in 
place around the drill stern casing. Brushes 202 or simi 
lar contact means supported by arms extending cut frorin 
the motor housing make electrical contact with the rings 
201 to power the motor means. Since drilling fluid may 
also be passed through the same annulus as the electrical 
cable it will be understood that the cable and the connec 
tions through the drill stem casing must be thoroughly 
waterproofed and insulated from the drilling fluid. It 
will also be understood that the conducting rings 291 
must be electrically insulated from the drill stem. 
The modified drill mill utilizes a pair of spur gears 139 

meshing with ring gear 31 to rotate the mill housing. 
The manifold 51 is connected directly to the motor drive 
shaft 124 through the fange connection 127-58. The 
manifold extension tube 74A which serves as a drive 
shaft for the diamond saw drilling elements is somewhat 
elongated. A housing 78A, encloses the bearing struic 
ture i75-77 and the flanged connection 72–173. For 
lubrication of the bearings and the bushing on which the 
gang housing rotate about the manifold tube extension 
a plugged opening 283 is preferably provided for intro 
duction of lubricant. 
The gangs of diamond saws are enclosed in smaller 

rotating housings indicated generally at 204. The upper 
portion 205 of the gang housing is generally in the shape 
of a cylindrical belt having an upstanding cylindrical col 
lar portion 206 which is internally threaded. The upper 
portion 205 of the gang housing serves as a gear housing 
for rotation of the individual cutting elements and the 
gang housing. The gang housing is Supported on an 
annular shoulder 207 at the lower end of a tubular shaft 
extension 268 of the housing 78A. A bushing 269 is 
positioned in the space between the collar portion 206 and 
the tubular shaft extension to permit rotation of the gallg 
housing around the tubular shaft. The space between the 
threaded collar 286 and the tubular shaft extension 288 
s filled with packing material 218 held in place with a 
ring nut 251. 
The manifold tube extension 74A extends through the 

tubular shaft extension 268 and is journalled therein in a 
bushing 252. The tubular shaft 298 carries a plate 23 at 
its lower extremity. Plate 233 carries a plurality of short 
vertical shafts 254 journalled in bushings 2:15. A pinion 
gear 216 is keyed to each of the shafts 214 above plate 
2A3. The teeth of the pinion gears 236 mesh with the 
teeth of a ring gear 2E7 secured to or formed integrally 
with the inside of the gear housing body 205. A further 
pinion gear 213 is keyed to the lower end of each of the 
shafts 2:4 on the bottom side of plate 213. The teeth 
of pinions 213 mesh with the teeth of a further pinion 219 
which is keyed to the manifold tube extension 174A which 
is driven from the motor drive shaft. Thus when tubular 
shaft 174A rotates pinion 29 rotates with it. Pinion 219 
meshing with pinions 228 rotate shafts 234 and pinions 
256 at the opposite end of the shafts. Pinions 2:6 in turn 
meshing with the teeth of ring gear 2it cause the entire 
gang housing 204 to rotate. 
The gang housing includes an intermediate portion hav 

ing a circular plate 220 secured to and forming the bottom 
wall of the gear housing 205 and having a depending 
cylindrical wall portion 221. A bottom plate 222 is se 
cured to the depending edge of cylindrical wall 22. A 
cylindrical skirt 223 depending from the bottom plate 
completes the exterior housing structure. The diamond 
set saws extend beyond the skirt 223 as hereinafter de 
scribed. The intermediate piate 226 surrounds the tubular 
manifold extension 174A and is journalled for rotation 
around it by means of bearing structure 225 and bushing 
226. Bottom plate 222 also surrounds the manifold ex 
tension 174A and rotates around it by virtue of bushing 
227. An annular flange 228 extends from the bottom Sur 
face of the bottom plate 222 surrounding the manifold 
extensicn 74A. The space between the flange and the 
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4. 
tubular member is filled with packing material 229 held 
in place by means of a ring nut 230. 

the diamond cutters 224 are each secured at the end of 
a shaft 231. Shafts 231 are vertically disposed and ex 
tend through plates 220 and 222 journalled in bushings 
232 and 233 and ball bearing structures 234. The upper 
ends of the shafts 23i, where they pass through plates 
22, are of reduced diameter. The thrust of the gang 
housing is applied to the diamond cutters through the ball 
bearing 234. The bottom surface of bottom plate 222 is 
provided with an annular flange 235 surrounding each of 
the shafts 23i. The space between the flange and shaft 
is filled with packing material 236 held in place by ring 

its 237. 
A small pinion gear 238 is keyed to the upper end of 

each of shafts 231. The teeth of pinions 238 mesh with 
the teeth of a spur gear 239 keyed to rotate with the 
tubular manifold extension 74A which is an extension 
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of the motor drive shaft. Thus, as the motor drive shaft 
turns, gear 239 is rotated and in turn gears 238 are rotat 
ed to rotate the diamond cutters 224. At the same time 
that the individual diamond cutters are being rotated the 
gang housing is being rotated as heretofore described. 
The rotating diamond cutters revolve about the axis of the 
notor drive shaft and at the same time the overall drill 
mill housing is rotated about the axis of the drill stem as 
heretofore described. Thus, in the course of rotation of 
the individual cutter elements 224 and their revolution 
about the axis of the gang housings 204 and the revolution 
of the gang housing about the axis of the main drill mill 
housing all portions of the surface of the bottom of the 
bore hole are acted upon by the cutter elements which 
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bite into and chip away the mineral material through 
which the bore hole is drilled. 

Drilling fluid is directed down through the drill stem 
to the space between plates i35 and 158 and thence 
through the manifold to the drilling area in much the 
same manner as described in connection with FIGURE 
15. The cuttings can be returned to the surface either by 
reverse flow back up through the inner tube 0 or col 
lected in a cuttings carrier and hoisted to the surface. 
Because the housing of the drill mill utilizing the diamond 
cutters does not closely hug the bore hole relatively little 
resistance is offered for reverse circulation of the drilling 
fluid through the drill stem. This can be remedied how 
ever, by positioning a cuttings carrier equipped with 
O-rings for use as a swab on the bumper 79 above the 
drill mill housing. In this manner the flow of drilling 
fluid and cuttings through the annulus surrounding the 
drill mill housing is resisted and circulation is up through 
the diri stem instead. 
The diamond cutters 224 of this modified form of driil 

mill may be replaced by other cutting elements such as 
small clusters of oil well type rock cutters and the like. 
The two larger gang cutters shown may be complemented 
by the use of a pair of smaller gang cutters of substantial 
ly the same construction positioned in the space within 
the bore hole adjacent to the larger gangs substantially 
as shown in the plan view of the first embodiment of the 
drill nil. In order to balance torsion of the drill stem 
one gang of cutters is desirably rotated in one direction 
and its complementary gang is then rotated in the opposite 
direction. This is true for either the embodiment of 
FIGURE 15 or that of FIGURE 18. In addition to bal 
ancing torsion of the drill stem the oppositely rotating 
drill ganges also help to keep the stem and the drill mill 
plumb. 
For some purposes such as, for example, in starting a 

bore hole through rock the rotary cutting elements of the 
drill mills may be replaced by relatively soft rotary plates. 
Hard shot is introduced to the drill mill and drilling is 
accomplished by the action of the rotary plates moving 
the hard shot under pressure against the face of the rock. 
The shot may be introduced to the driil mill through one 
of the channels of the drill stem. 
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In some instances it may be desired to Cut a core as 
the drilling proceeds. This may be done with the appa 
ratus of the present invention by utilizing somewhat 
smaller gangs of rotary cutting elements. The diameters 
of the areas swept by the rotating gangs must be such 
that the cutter paths are spaced apart at the center of 
the bore hole. This center portion of the bore hole will 
not be swept by the rotating and revolving cutter elements 
with the result that the cutters will describe an annular 
cut. The uncut core will be at the center of the bore hole. 
Depending upon the diameter of the core it may be re 
trieved through the central channel of the drill stem or 
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after the drill mill has progressed to cut the deepest pos-- 
sible core permitted by the mill housing construction the 
driil mill may be removed from the bore hole to permit 
recovery of the core. 

In addition to use in drilling mine shafts, escapeWays 
and the like the large diameter bore hole drilling system. 
of the present invention is adaptable to the preparation 
of guided missile defense establishments. Large diameter 
vertical holes in the earth are useful both for the storage 
and launching of missiles. . 

It is apparent that many modifications and variations 
of this invention as hereinbefore set forth may be made 
without departing from the spirit and scope thereof. The 2 
specific embodiments described are given by way of ex 
ample only and the invention is limited only by the terms 
of the appended claims. m . . . 

I claim: a' 
1. An apparatus for the drilling of large diameter ver 

tical bore holes in the surface of the earth which com 
prises a large diameter drill mill adapted to work at the 
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bottom of a vertical bore hole, a stationary vertical drill 
stem extending from Said drill mill to the earth's surface, 
said drill stem being non-circular in cross-section and 
comprised of a plurality of elongated sections each in 
cluding multiple pipes, said drill mill including a hous 
ing, a central vertical tubular shaft extending from the 
upper end of said housing and adapted to be rigidly con 
nected to said drill stem, said housing journalled on said 
tubular shaft for rotation relative thereto, a plurality of 
rotary gangs of cutting members extending from the bot 
tom of said drill mill housing, each of said gangs includ 
ing a plurality of individual rotary cutting members, 
motor means within said housing operatively connected 
to rotate each of said gangs of cutting members, said 
motor means secured within said housing for movement 
therewith and operatively connected to said central tu 
bular shaft to rotate said housing with respect to the sta 
tionary drill stem. 

2. Apparatus according to claim 1 further character 
ized in that said drill stem sections include at their op 
posite, ends matched flanged end plates of area and cross 
section corresponding to the non-circular cross section of 
the drill stem, said end plates being adapted for connec 
tion of adjacent drill stem sections and provided with 
openings communicating with said multiple pipes. 
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3. Apparatus according to claim 1 further character 
ized in that said non-circular cross section is square and 
Said multiple pipes are concentric. 

4. Apparatus according to claim 1 further character 
ized in that derrick means are provided at the surface of 
the earth and means are supported by said derrick for 
holding said drill stem against torque. 

5. Apparatus according to claim 4 further character 
ized in that said torque resisting means includes a pair 
of pivotally swingable arms supported from adjacent 

60 

65 

posts of said derrick, the free ends of said arms being 
fitted with jaw members adapted to engage said drill 
stem and means for securing said jaw members together. 

6. Appartaus according to claim 4 further character 
ized in that said derrick means includes a derrick floor 
adapted to overlie the bore hole to be drilled, an open 
ing in Said floor at least as great in diameter as said bore 
hole, a two-part cover for said opening, a central smaller 
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opening in said cover for passage of said drill stem, a 
pair of dogs each pivotally supported at one end by one 
of said cover segments adjacent said central opening, 
the free ends of said dogs adapted to be Swung on Said 
pivotal supports over said central smaller opening into 
the path of said drill stem. 

7. Apparatus according to claim 6 further character 
ized in that said drill stem is comprised of a plurality 
of elongated sections of non-circular cross Section each 
provided with a pair of cut-out portions diametrically 
opposed, spaced equidistant from one end of the drill 
stem section and adapted to be engaged by said dogs 
on the derrick to support said drill stem in the bore hole. 

8. Apparatus according to claim 1 further character 
ized in that means are provided for conveying cuttings 
from said drill mill to the surface, said means compris 
ing a cylindrical cuttings carrier adapted to be suspended 
in the bore hole above the drill mill and around said drill 
Sten. 

9. Apparatus according to claim 8 further character 
ized in that said cuttings carrier is provided with a cir 
cular bottom wall and cylindrical side wall, a central 
guide tube adapted to pass said drill stem extending from 
the top of said side wall through said bottom Wall, a 
strengthening spider extending from said guide tube to 
said side wall and a plurality of open relief tubes extend 
ing through said bottom wall to the top of Said side wall. 

10. Apparatus according to claim 9 further character 
ized in that said cuttings carrier is provided with at least 
one dart valve in said bottom wall, a plurality of at least 
three spaced apart arcuate feet at said bottom wall, said 
arcuate feet extending downwardly below said bottom 
wall to define a space thereunder and outwardly beyond 
the periphery of the cylindrical side wall to form a plu 
rality of lands around the outside of said carrier. 

11. Apparatus according to claim 10 further character 
ized by the provision of at least one annular outwardly 
facing channel surrounding the cylindrical wall of Said 
cuttings carrier and seated on the lands formed by the 
tops of said annular feet, and an annular ring of re 
ilient material in said channel. 
12. Apparatus according to claim 1 further character 

ized in that said drill stem and drill mill central tubu 
lar shaft rigidly secured thereto are multichanneled, 
adapted for the transmission of at least two different 
fluids therethrough; said drill mill housing is multicham 
bered, one of said chambers communicating with one 
of the channels of said central tubular shaft and another 
of said chambers communicating with another of Said 
channels; said motor means including a tubular drive 
shaft extending into said drill housing chambers, open 
ings in said tubular drive shaft within said chambers, 
whereby said drive shaft is in communication with said 
channels of the central tubular shaft for transmission 
of fluid from one of said channels through the drive shaft 
to another of said channels. 

13. Apparatus according to claim 12 further character 
ized in that one of said drill housing chambers in com 
munication with a channel of the central tubular shaft 
of the drill mill housing and with said tubular motor 
drive shaft is the lowermost chamber of the housing, 
said chamber is open at the bottom and contains the ro 
tary gangs of rotary cutting members, whereby drilling 
fluid introduced to said drill mill may be conducted to 
lubricate said cutting members and be separately returned 
to the surface with cuttings. 

14. An apparatus for the drilling of large diameter 
vertical bore holes in the surface of the earth which 
comprises a large diameter drill mill adapted to work 
at the bottom of a vertical bore hole, a stationary ver 
tical drill stem extending from said drill mill to the 
earth's surface, said drill mill including a housing, a 
central vertical tubular shaft extending from the end of 
said housing and adapted to be rigidly connected to said 
drill stem, said housing journalled on said tubular shaft 



8,161,243 
7 

for rotation relative thereto, a plurality of rotary gangs 
of cutting members extending from the bottom of Said 
drill mill housing, each of said gangs including a plu 
rality of individual rotary cutting members, motor means 
Within said housing operatively connected to rotate each 
of Said gangs of cutting members, said motor means 
secured within said housing for movement therewith and 
operatively connected to said central tubular shaft to ro 
tate Said housing with respect to the stationary drill 
Stem, said motor means including a plurality of motors 
arrayed in said housing about said central tubular shaft, 
the drive shafts of said motors being elongated, verti 
cal, parallel to said tubular shaft and journalled for ro 
tation in Said housing, a separate smaller housing for 
each gang of cutting members, each of the gang hous 
ings being journalled for rotation about one of said 
motor drive shafts, gear means fixed to said drive shafts 
and operatively connected to gear means fixed to said 
gang housing for rotation of said gang housings about 
Said drive shafts, a plurality of rotary cutting members 
Supported from vertical shaft means arrayed about said 
motor drive shafts within each of said gang housings and 
journalled for independent rotation with respect to said 
gang housings, gear means fixed to said motor drive shafts 
operatively connected to gear means fixed to said verti 
cal shaft means for independent rotation of the cutting 
members. 

15. A large diameter drill mill for drilling large di 
ameter vertical bore holes in the surface of the earth 
and adapted to work at the bottom of a vertical bore 
hole, said drill mill including a housing, a central verti 
cal tubular shaft extending from the upper end of said 
housing and adapted to be rigidly secured above said 
housing, said housing being rotatably mounted on said 
Central tubular shaft, a plurality of rotary gangs of cut 
ting members extending from the bottom of said drill 
mill housing, each of said gangs including a plurality 
of individual rotary cutting members, motor means with. 
in Said housing operatively connected to rotate each of 
Said gangs of cutting members, said motor means being 
operatively connected to said central tubular shaft to 
rotate said housing with respect to said shaft, said drill 
mill central tubular shaft being multichanneled and 
adapted for transmission of at least two different fluids 
therethrough, said drill mill housing being multicham 
bered, one of said chambers communicating with one 
of the channels of said central tubular shaft and another 
of said chambers communicating with another of said 
channels, said motor means including a tubular drive 
shaft extending into said drill housing chambers, open 
ings in Said tubular drive shaft within said chambers, 
whereby said drive shaft is in communication with said 
channels of the central tubular shaft for transmission of 
fluid from one of Said channels through the drive shaft 
to another of said channels. 

16. A drill mill according to claim 15 further charac 
terized in that one of said drill housing chambers in 
communication with a channel of the central tubular 
shaft of the drill mill housing and with said tubular 
motor drive shaft is the lowermost chamber of the hous 
ing, said chamber is open at the bottom and contains 
the rotary gangs of rotary cutting members, whereby 
drilling fluid introduced to said drill mill may be con. 
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8 
ducted to lubricate said cutting members and be sepa 
rately returned from the drill mill with cuttings. 

17. A large diameter drill mill for drilling large di 
ameter vertical bore holes in the surface of the earth 
and adapted to work at the bottom of a vertical bore 
hole, said drill mill including a housing, a central ver 
tical tubular shaft extending from the upper end of said 
housing and adapted to be rigidly secured above said 
housing, said housing being rotatably mounted on said 
central tubular shaft, a plurality of rotary gangs of cut 
ting members extending from the bottom of said drill 
mill housing, each of said gangs including a plurality 
of individual rotary cutting members, motor means 
within said housing operatively connected to rotate each 
of said gangs of cutting members, said motor means 
being operatively connected to said central tubular shaft 
to rotate said housing with respect to said shaft, said 
motor means including a plurality of motors arrayed 
in said housing about said central tubular shaft, the drive 
shafts of said motors being elongated, vertical, parallel 
to said central tubular shaft and journalled for rota 
tion in Said housing, a separate smaller housing for each 
gang of cutting members, each of the gang housings 
being journalled for rotation about one of said motor 
drive shafts, gear means fixed to said drive shafts and 
operatively connected to gear means fixed to said gang 
housings for rotation of Said gang housings about said 
drive shafts, a plurality of rotary cutting members sup 
ported from vertical shaft means arrayed about said 
motor drive shafts within each of said gang housings 
and journalled for independent rotation with respect to 
Said gang housings, gear means fixed to said motor drive 
shafts and operatively connected to gear means fixed 
to said vertical shaft means for independent rotation of 
the cutting members. 
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