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EARTH BORING MACHINE WITHA PlVOTAL
HEAD

BACKGROUND OF THE INVENTION

* This invention relates to the art of earth boring and
more particularly to an earth boring machine with a
pivotal drill head. This invention has special utility in
raise drilling wherein the raise hole boring operation
proceeds by the drilling of a relatively small pilot hole
followed by enlargement of the hole to the desired size.
A detailed description of a mechanized system of raise
drilling is shown in U. S. Pat. No. 3,446,284 to N. D.
Dyer et al. patented May 27, 1969. ,

While efficiency, performance and economy are
considered in connection with all earth boring equip-
ment, raise drlllmg imposes strict requirements because

the equipment is generally operated inside of a mine

shaft. The system must be compact, easy to transport
and highly reliable. In addition, a tremendous amount
of stress is placed upon the elements of the raise drill
and the drill string. :

Any misalignment between the drill string and the
raise drill results in stresses and bending forces on both
the drill pipe and elements of the raise drill. Once the
raise drill'is in place it is inconvenient and difficult to
adjust its position. stallgnment of the drill head and
.drill string may occur in prior art devices. The misalign-
ment may occur as drilling proceeds and the operator

may be unaware of the misalignment. It is desirable to °

be able to correct misalignment and to €nable the
operator to be warned when mlsahgnment exceeds a
preset amount. -

DESCRIPTION OF THE PRIOR ART

In U. S. Pat. No. 3 220 494 to R. E. Cannon et al.
patented Nov. 30, 1965, an overall description of a
conventional raise drill method is set forth. The opera-
tion begins by drlllmg a relatively small pilot hole to a
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The present invention includes means for adjusting
and controlling the position of the drill head. This al-
lows the drill head to be properly positioned during cer-
tain drilling operations. In addition, the position of the
drill head may be adjusted during drilling operations to
control or correct deviation.

It is therefore an object of the present invention to
provide an earth boring machine with a pivotable drill
head.

It is a further object of the present invention to pro-
vide an earth boring machine that reduces stresses and
bending forces on the drill string and elements of the
earth boring machine. ‘

It is a still further object of the present invention to
provide an earth boring machine that provides a warn-
ing to the operator when misalignment of the drill
string and drill head occurs.

It is a still further object of the present invention to
provide an earth boring machine with means for con-
trolling the position of the drill head.

It is a still further object of the present invention to
provide an earth boring machine with means for con-
trolling and correcting deviation.

"The above and other objects and advantages of the
present invention will become apparent from a con-
sideration of the following detailed description when
taken i in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an earth boring machine that
provides pivotal movement of the drill head in a single
plane.

* FIG. 2 shows the carrlage, drill head and motor of
another embodiment that provides relative movement
in two planes.

FIG. 3 shows an indicator and alarm system that will

.. provide the operator with an mdlcatlon of misalign-

40

shaft. The pilot bit is removed and a large raise bit at- -

tached to the drill string. The raise bit is rotated and
hydraulically raised along the pilot hole to form the
desired large diameter hole.

It ‘can be appreciated that any mlsahgnment during
the raising operation wherein the raise bit is rotated
and hydraulically raised along the pilot hole will result
in a great amount of stress and bending force on the
drill string elements and elements of the earth boring
machine. Previous attempts to absorb the misalignment
have been in the connection between the drill stem and
drill pipe.

SUMMARY OF THE INVENTION

The present invention provides an earth boring
machine with a pivotable drill head. The free pivoting
movement of the drill head allows alignment of the pipe
and head to effectively reduce bending forces on the
pipe and elements of the -earth boring machine. The
present invention allows movement in one. or more
planes. as required. The amount of misalignment is
measured and the operator receives a warning signal
when the misalignment exceeds predetermined limits.
In addition automatic means may be connnected to the
measuring system to adjust the drill head supports
should misalignment exceed preset limits.
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ment.

DETAILED DESCRIPTION of THE INVENTION

Referring now to FIG. 1, a side view of a raise drill 10
of the the present invention is shown. A pair of support
columns 11 are connected to a base member 12 at
hmge 13 (the support columns 11 are parallel and only
one is shown in this side view). A corresponding pair of
adjustable braces 14 insure that support columns 11
will remain stationary in the desired vertical posiiton. A
carriage 15 is mounted for movement along support
columns 11.-Movement of carriage 15 along the sup-
port columns is provided by thrust cylinder 16. A drill
head 17 is pivotably connected to carriage 15 by hinge
element 18. Motor 19 supplies power to drive drill head
17. The power from motor 19 is transmitted to drill
head 17 through a suitable transmission 20. Drill pipe
may be connected to chuck 21 located on the lower
portion of rotary drill head 17. A pair of adjustable jack
elements 22 and 23 are positioned on each side of
hinge 18 and between the drill head 17 and carriage 15.
The adjustable jacks 22 and 23 provide an adjustable
connection between carriage 15 and drill head 17.

The raise drill 10 is moved into position in a mine
shaft or other location wherein a raise boring operation
is to be conducted. The base 12 is firmly implanted.
Support columns 11 are aligned substantially parallel to
the desired drill line. Although the drill line is shown
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perpendicular to the base, it can be appreciated that
the drill line may be at any angle to the base. Carriage
15 is moved upward by actuation of thrust cylinder 16.
Elements of rotary drill string are connected to drill
head 17 at chuck 21. Motor 19 is energized to drive
drill head 17 thereby rotating the rotary drill string (not
shown). Carriage 15 is moved downward as drilling
proceeds. When carriage 15 reaches it lowermost posi-
tion the drill string is disconnected from chuck 21 and
carriage 15 again moved upward. A new element of the
drill string is attached to chuck 21 and connected to the
other elements of the rotary drill string and the opera-
tion proceeds as previously explained. Generally in
raise boring, this operation continues until a small pilot
hole is drilled to an opening somewhere below: The
pilot bit is removed from the drill string and a larger
raise bit attached. The raise bit is then rotated and
hydraulically raised to enlarge the pilot hole to the
desired size. ‘

Any misalignment of the raise drill 10 and the drill
string will cause substantial bending forces upon the
various elements. In order to eliminate or substantially
reduce undesirable bending forces, the connection 18
between carriage 15 and drill head 17 is allowed to
pivot freely. Adjustable jacks 22 and 23 between car-
riage 15 and drill head 17 are placed in the retracted
position and the drill head 17 is free to pivot thereby
absorbing stresses from the drill string and correcting
for any misalignment. It can be appreciated that nearly
any raise boring operation will encounter misalignment
and stress problems. The pilot hole generally wanders
from a true line and as the raise bit is moved along the
pilot hole the attitude of the raise bit and elements of
the drill string changes. The raise drill is subjected to
varying forces from the power units driving the drill
head, the hydraulic cylinders and other units of the
raise drill as well as from the drill string. Consequently
the orientation of the body of the raise drill with
respect to the drill line may change. The present inven-
tion provides an effective solution to the above-men-
tioned problems.

The pivotable drill head of the present invention pro-
vides an accurate system of aligning the drill string as
the boring operation proceeds. Once the raise drill 10 is
in place, the adjustable jacks 22 and 23 allow the drill
head 17 to be accurately positioned when spudding in
with the pilot bit. In combination with the indicator to
be hereinafter described, the adjustable jacks 22 and
23 provide precise placement of the pilot bit. Adjusta-
ble jacks 22 and 23 then insure that drill head 17
remains firmly locked in place during the pilot hole
drilling operation.

As the pilot hole drilling operation proceeds, the
hole tends to wander from a true drill line. This may be
the result of a number of factors, such as encountering
different formations, drilling speed, gravity, etc. In
order to correct alignment and insure that the pilot
hole remains as true as possible, the following method
may be employed. Jacks 22 and 23 are adjusted to
move drill head 17. A sufficient amount of stress is
placed upon the drill string by adjustment of jack 22
and 23 to cause the pilot bit to return to a true line.
Thus by appropriate adjustment of the position of drill
head 17, the pilot hole may be held to as near a true
line as possible.
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Referring now to FIG. 2 another embodiment of the
present invention is shown wherein pivotable move-
ment of a rotary drill head is provided in two planes. A
carriage 24 is shown which may be mounted for travel
along support columns in a manner similar to that
described in connection with FIG. 1. A rotary drill head
25 is connected to carriage 24. Drill pipe may be con-
nected to rotary drill head 25 at chuck 26. The drill
pipe is rotated by power from motor 27 transmitted to
rotary drill head 25 by a suitable transmission 28. A
hinge 29 allows pivotal movement of drill head 25 in a
first plane. A pair of adjustable jacks 30 and 31 are
connected to an intermediate support element 32.
Jacks 30 and 31 are mounted in jack receiving ele-
ments 33 and 34 connected to intermediate element
32. The threaded jack elements 30 and 31 engage the
matching threads of jack receiving elements 33 and 34.
It can be appreciated that by proper rotation of jack
elements 30 and 31 to alignment of the drill head and
drill string may be adjusted in a first plane and that the
drill head may be firmly connected to intermediate ele-
ment 32 or it may be free to rotate in a first plane. A
second pivot 35§ is provided between intermediate ele-
ment 32 and carriage 24. This second pivot 35 provides
movement of the drill head in a second plane. Pivot 35
is a cylindrical element extending from intermediate
support element 32 into a cylindrical receiving socket
in carriage 24. The end of pivot 35 is enlarged .to
prevent it from being pulled out of the retaining socket.
A flange element 36 extends from carriage 24 and
cooperates with a pair of adjustable jacks 37 and 37’ to
control the amount of pivotal movement provided by
pivot 35. Jacks 37 and 37’ are connected to inter-
mediate element 32 and may be adjusted to control the
movement of drill head 25 in a second plane. A second
pair of jacks and a flange element could be positioned
on the opposite side of intermediate element 32 in
order to provide additional strength and control.

Referring now to FIG. 3 another embodiment of the
present invention is shown. A carriage 38 is shown that
may be positioned for movement along support
columns in a manner similar to that described in con-
nection with the embodiment of FIG. 1. A rotary drill
head 39 is pivotably connected to carriage 38 by a
hinge element 40. Drill pipe may be connected to ro-
tary drill head 39 at chuck 41. Power to drive drill head
39 and thereby rotate the drill pipe is provided by a
motor and transmission (not shown). A pointer 42 is
firmly affixed to hinge element 40. Any movement of
drill head 39 relative to carriage 38 is reflected by
pointer 42. A visual indicator plate 43 is positioned
proximate pointer 42. Plate 43 is held in place by ad-
justable tabs 44 and 45. The tabs may be tightened to
hold visual indicator plate 43 firmly in place.

Once the boring machine is in place, the visual in-
dicator plate 43 is positioned so that pointer 42 is on
the zero mark. Tabs 44 and 45 are tightened and plate
43 is held firmly in place. Any pivotal movement of
drill head 39 will be reflected by pointer 42 and an ac-
curate indication of movement may be read out on
visual indicator plate 43. A pair of movable electrical
contacts 46 and 47 are mounted on plate 43. Movable
contacts 46 and 47 are placed in the position of the
maximum allowable pivotal movement of drill head 39.
A source of electrical energy 48 and an alarm 49 form

nann
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part of a normally open electrical circuit including
pointer 42 and movable contacts 46 and 47. Should the
amount of pivotal movement of drill head 39 reach the
preset limit, the pointer 42 will come into contact with
one of the movable contacts 46 or 47 thereby closing
the electrical circuit and actuating alarm 49. The
pointer 42 and contacts 46 and 47 are electrically insu-

lated from plate 43, hinge 40 and the other elements of
the earth boring machine.

A representative method of operation will now be
considered. The raise drill is moved into position and
the base firmly implanted. The indicator plate 43 is
firmly affixed in its normal operating position. If the
raise drill includes means for movement in two planes,
two indicators are to be used. A single indicator is
described for simplicity in explanation. The drill string
with pilot bit is attached to the drill head 39 at chuck
41. The adjustable jacks are manipulated until pointer
42 is on the zero mark of plate 43. The pilot bit is
spudded in and drilling of the pilot hole proceeds. Any
misalignment may be detected by reference to the in-
dicator. The jacks are then adjusted to bring pomter 42
back to the zero mark.

As previously explained, the pilot hole may wander
from the straight line. Once a deviation is detected, the
adjustable jacks may be used to impart stress to the drill
string and bring the pilot hole ‘back to true line. The
pilot ‘hole drilling operation proceeds until the pilot
hole emerges at the desired location.

The pilot bit is then removed and a large raise bit at-
tached. The jacks are retracted and the drill head is al-
lowed to pivot freely. The raise bit is rotated and
hydraulically drawn along the pilot hole to form a large
diameter raise hole. A tremendous amount of stress is
placed on the raise drill during this operation. The pilot
hole may deviate from a true line at various locations
along its length and additional stress will be applied to
the drill string when the raise bit is being drawn past
these locations. The pivotal movement of the drill head
absorbs some of the stress.

The amount of pivotal movement may exceed preset
limits and the alarm actuated. This will alert the opera-
tor to the condition and corrective measures may be
taken. This may be in the form of adjusting the position
of the support columns, moving the base or other cor-
rective measures.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:

1. An earth boring machine with plvotable drilling
means comprising;

support means;

carriage means adapted for travel along said support

means;

drilling means for rotating a rotary drill column;

means between said carriage means and said drilling

means for providing relative movement of the
drilling means in at least one plane, said means in-
cluding a hinge between said carriage means and
said drilling means; and

adjustable means positioned between said carriage

means and said drilling means for selectively
preventing and controlling relatlve movement of
the drilling means.

6

2. The earth boring machine of claim 1 including
pivot means between said carriage means and said

- drilling means for providing relative movement of the
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drilling means in a second plane.

3. The earth boring machine of claim 1 including
means for providing an indication of the degree of rela-
tive movement of said drilling means.

4. The earth boring machine of claim 3 wherein said
means for providing an indication of the degree of rela-
tive movement of said drilling means includes a pointer
connected to said means for providing and controlling
relative movement of the drilling means and a visual in-
dicator plate. -

5. The earth boring machine of claim 4 including
alarm means for providing an alarm when the relative
movement of the drilling means exceeds predetermined
limits.

6. A raise drill with a pivotable drill head, compris-
ing:

a base;

support column means pivotally connected to said

base;

a carriage adapted for travel along said support

column means;

a drill head;

- power means connected to said drill head; and

means between said carriage and said drill head for
providing relative movement of the drill head in at
least one plane, said means including a hinge
between said carriage and said drill head, and
wherein said raise drill includes adjustable means
positioned between said carriage and said drill
head for selectively preventing and controlling
relative movement of said drill head.

7. The raise drill of claim 6 including means for
providing an indication of the degree of relative move-
ment of said drill head. ‘

8. A method of drilling a large diameter hole from a
first level to a second level, comprising:

positioning a raise drill at said first level, said raise

drill including a drill head pivotally mounted and
adapted to pivot in at least one plane;

establishing a drill line;

adjusting the position of said drill head by causing

said drill head to pivot until the drill head is
aligned with said drill line;

locking said drill head to prevent it from pivoting;

rotating and passing a pilot bit along said drill line to

form a pilot hole;

removing said pilot bit;

attaching a raise bit;

unlocking said drill head to allow it to pivot freely;

" rotating and hydraulically raising the raise bit along
said pilot hole to form a large diameter hole;
detecting deviations of the pilot hole from said drill
line;

adjusting the posmon of said drill head by causing

said drill head to pivot; and

continuing to rotate and pass and pilot bit along said
. drill line.

9. A raise drilling apparatus adapted to be positioned
in a mine to drill a large diameter raise hole from one
level of the mine to another level of the mine by rota-
tion of a rotary drill string; comprising:

a base adapted to be positioned at one level of the

mine;
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at least one support pivotally connected to said base; power to the drill head;
a carriage movably connected to said at least one pivot means connecting said drill head to said car-
support for travel along said support; riage for allowing free pivoting movement of the
rotary drilling means carried by said carriage for drill head to provide proper alignment of the drill
drilling a large diameter raise hole from one level 5 string and drill head; and
of the mine to another level of the mine, said ro- means connected to said pivot means for controlling
tary drilling means including a rotary drill head for the degree of free pivoting movement of the drill
connecting said drill string to said rotary drilling head.
means and a power unit for transmitting rotary 0 R A
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