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ABSTRACT
A drill bit carousel for use on a blast hole drill includes a base structure that movably
supports a plurality of drill receptacles. The drill bit carousel is movable between a storage
position and at least one exchange position. In the exchange position, one of the dnll receptacles
is aligned with a centerline of a drill pipe string. In the storage position, the drill bit carousel is

clear of the centerline of the drill pipe string.
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BLAST HOLE DRILL BIT CAROUSEL

AND A BLAST HOLE DRILL INCLUDING A BLAST HOLE DRILL BIT CAROUSEL

[0001]

[0002]

FIELD OF THE INVENTION
[0003] This invention relates to exchanging drill bits on large drilling machines, and

particularly to a mechanism for exchanging drill bits on a blast hole drill.

BACKGROUND OF THE INVENTION

[0004] A type of drilling unit knowﬁ as a blast hole drill is used in surface mining and
quarrying operations. The unit is typwally mobile, being mounted on a vehicle that travels on
wheels or tractor crawlers. Blast hole drills and other similar drilling rigs use drill pipe strings
that are made up of drill pipes that are threaded end to end. The first pipe, i.e. the first pipe
entering the hole being drilled, in the drill pipe string has an upper end connected to the next pipe
in line and a lower end, on which a drill bit is mounted.

[0005] The drill bit is typically Mly connected to the lower end of the first pipe
and after a period of use becomes dull due to the constant wear of the drilling operation. As a



10

15

20

25

CA 02679189 2013-04-04

68297-1144

result, the drill bit must be replaced on a regular basis in order to quickly and efficiently drill
holes. Replacement of the drill bit is a time consuming operation requiring workers to
manually remove the used drill bit and mount a new drill bit onto the lower end of the first

pipe. A need exists for an improved method and equipment that simplifies changing out these
drill bits. '

SUMMARY OF THE INVENTION

[0006] One embodiment of the present invention is a drill bit carousel for use
on a blast hole drill. The drill bit carousel includes a base structure that moveably supports a
plurality of drill receptacles. The drill bit carousel is moveable between a storage position and

at least one exchange position. In the exchange position, one of the drill receptacles is aligned

- with a centerline of a drill pipe string. In the storage position, the drill bit carousel is clear of

the centerline of the drill pipe string.

[0006a} Another embodiment of the present invention is a blast hole drill
comprising: a deck frame including an opening for passing a drill pipe therethrough along a
drill pipe centerline; a drill bit carousel fixed relative to said deck frame adjacent said drill
pipe centerline, said drill bit carousel including a plurality of drill bit receptacles, said drill bit
carousel being movable between a storage position and at least one exchange position, in said '
exchange position one of said drill bit receptacles is aligned with said centerline of séid drill
pipe, and in said storage position said drill bit carousel is clear of said centerline of said drill

pipe; at least one of said drill bit receptacles having a sleeve extending above an upper surface

of said carousel; and at least one hydraulic lock associated with the drill bit receptacle and

- configured to releasably engage a drill bit on the drill pipe, the hydraulic lock including a

hydraulic cylinder that extends through an aperture in the sleeve.

[0006b] Another embodiment of the present invention is a blast hole drill
comprising: a deck frame including an opening for passing a drill pipe therethrough along a
drill pipe centerline; a drill bit carousel fixed relative to said deck frame adjacent said drill

pipe centerline, said drill bit carousel including a plurality of drill bit receptacles; at least one

of said drill bit receptacles having a sleeve extending above an upper surface of said carousel:

and at least one hydraulic lock associated with the drill bit receptacle and configured to
2
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- releasably engage a drill bit on the drill pipe, the hydraulic lock including a hydraulic cylinder

that extends through an aperture in the sleeve.

[0006¢] Another embodiment of the present invention is a drill bit carousel
mountable in a blast hole drill as recited above, said drill bit carousel being movable between
a storage position and at least one exchange position, in said exchange position one of said
drill receptacles is aligned with a centerline of a drill pipe, and in said storage position said

drill bit carousel 1s clear of said centerline of said drill pipe.

[0007] Other aspects of the invention will become apparent from the following
description. In the description, reference is made to the accompanying drawings which form a
part hereot, and in which there 1s shown a preferred embodiment of the invention. Such

embodiment does not necessarily represent the full scope of the invention and reference is

- made therefore, to the claims herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 1sa perspective view of a blast hole drill;

[0009] Fig. 2 is a perspective view of a portion of a blast hole drill

- 1incorporating the present invention;

[0010] Fig. 3 is a perspective view of the carousel assembly of Fig. 2 with the

carousel in an exchange position;

2a
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[0011] Fig. 4 is a perspective view of the carousel assembly of Fig. 2 with the carousel in
the storage position and the tool wrench assembly removed;

[0012] Fig. 5 1s a sectional view along line 5-5 of Fig. 3;

[0013] Fig. 6 is a side view of the carousel assembly of Fig. 3;

[0014] Fig. 7 is a top perspective view of the carousel of Fig. 3;

[0015] Fig. 8 is a top view of a dnill receptacle shown in Fig. 7; and

[0016] Fig. 9 is a bottom perspective view of the carousel assembly of Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0017] As shown in Fig. 1, a blast hole drill, such as a Bucyrus Series 49 Blasthole Drill
available from Bucyrus International, Inc. in South M'ilwaukee',. Wisconsin, typically will include
a main deck frame 10 supported on crawler tractors 11 and mounting a mast 12 supported on a
pivot 13 attached to the deck frame 10. During drilling operation, the drill unit is supported on
jacks 14. A rotary drill head 15 is mounted on a pull-down mechanism 16 on the mast 12. The
pull-down mechanism 16 travels up and down the side cords of the mast 12 on a rack of teeth.
The drill head 15 includes a rotary drive which engages with the top of a drill pipe string
comprising drill pipes 26 to rotate a drill bit 28 on the first pipe in the pipe string. The drill head
15 is moved down the mast 12 to force the bit into the earth and 1s moved up the mast 12 to
withdraw the drill pipe string from the earth. A pipe magazine stores pipes 26 added to the pipe
string as the drill deepens the hole being drilled. The pipe magazine rests in the back of the mast
12 and swings over the centerline 114 of the drill pipe string to add or remove a drill pipe 26
from the drill pipe string.

[0018] A blast hole drill incorporating the present invention includes a drill bit carousel

assembly 100, such as shown in Figs. 2-9, that exchanges the drill bit 28 on the end of the drill
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pipe string. The carousel] assembly 100 is mounted to the drill deck 110 at the base of the mast

112 adjacent the centerline 114 of the drill pipe string extending through an opening 116 of the
deck 110. The drill pipe string passes through the deck opening 116 to drill a hole in the ground.
The carousel assembly 100 includes a base 120 that supports a rotatable drill bit carousel 130
that can be indexed over the deck opening 116 for receiving and dispensing drill bits 28.

[0019] The base 120 is mounted on the drill deck 110 to support and attach the carousel
assembly 100 to the blast hole drill. The actual structure of the base 120 is dependent upon the
model of the drill and will have many variations depending upon the structure and constraints of
the particular drill. In the embodiment shown in Figs. 3-9, the base 120 includes four legs 122
extending from the deck 110 and supporting a support plate 124 extending the length of the
carousel assembly 100. The support plate 124 supports a drive motor 126 that rotates the dnll bit
carousel 130 and an actuation stop 128 that locks the drill bit carousel 130 at index locations.

[0020] As shown in Fig. 5, the drill bit carousel 130 is fixed to a rotatable spindle 144
which rotates about a spindle ‘axis 132 of rotation. An opening 136 formed through the support
plate 124 receives an upper end 142 of a rotatable spindle 144 supporting the drill bit carousel
130. Preferably, a bushing 146, or bearings, mounted to the support plate 124 radially supports
the upper end 142 of the rotatable spindle 144 while minimizing friction. A lower end 152 of the
spindle 144 is received in a collar 154 mounted on the deck 110. Preferably, the collar 154
includes bearings or a bushing 148 to minimize friction when the spindle 144 rotates about the
spindle axis 132 of rotation.

[0021] The drive motor 126 is coupled to the upper end of the spindle 144 and rotatably
drives the spindle 144 about the spindle axis 132 to one of a plurality of exchapge positions and a

storage position. Preferably, the drive motor 126 is directly coupled to the upper end 142 of the
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spindle 144. However, any method of transmitting rotational force from the drive motor 126 to
the spindle 144, éuch as by gearing, flexible coupling, and the like, can be used without departing
from the scope of the invention.

[0022] The actuation stop 128 mounted to the support plate 124 includes a hydraulic
double acting actuator 162 that selectively extends a locking pin 164 into one of a plurality of
index openings 166 formed in the drill bit carousel 130. Each of the index openings 166
corresponds to one of the exchange positions, one of which 1s shown in Fig. 3, or the storage
position shown in Fig. 4 of the carousel 130. The locking pin 164 received in an index opening
166 corresponding to one of the exchange positions aligns a bit receptacle 134 with the drill pipe
string centerline 114. Advantageously, the locking pin 164 received in an index opening 166
corresponding to one of the exchange positions ensures the bit carousel 130 maintains the
position of a bit receptacle 134 directly under the drill pipe string during removal or deposit of a
bit in the receptacle 134. Likewise, the locking pin 164 received in the one index opening 166
positioning the bit carousel 130 in the storage position maintains the entire bit carousel 130 away
from the dnll pipe string centerline 114 to avoid interfering with the drilling operation.

[0023] The bit carousel 130 extends radially from the spindle 144 below the support plate
124 and includes a plurality of the bit receptacles 134 for receiving drill bits 28. The carousel
130 rotates about the spindle axis 132 from the storage position to one of a plurality of exchange
positions. Each exchange position being defined by one of the receptacles 134 aligned with the
drill pipe string centerline 114, Preferably, the number of exchange positions corresponds to the

number of bit receptacles 134 formed in the bit carousel 130. However, the number of exchange

positions can exceed the number of bit receptacles 134 if drill bits 28 are loaded into the
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‘receptacles 134 or removed from the réceptaclw 134 from a position not aligned with the drill
pipe string centerline 114.

. [0024] As shown in Figs.6-8, an embodiment of the bit carousel 130 includes a semi-
circular lower plate 176. The lﬁwer plate 176 is fixed to the spindle 144, such as by welding, and
18 coaxial with the spindle axis 132 of rotation. A semi-circular upper plate 178 is spaced from
the lower plate 176 by dlaphragms 182 welded to the lower and upper plates '176, 178. Circular
apertures 184 formed in the upper plate 178 receive cylindrical drill bit sleeve 186. Each drill bit
sleeve 186 defines a bit receptacle 134 for receiving a drill bit 28. A top plate 1\88 fixed to the
upper edge of the sleeves 186 protects hydraulic locks 192 fixed to an upper surface 194 of the
- carousel upper plate 178 from debris falling from a spent drill bit. -

[0025] Each drill bit sleeve 186 is supported by the lower plate 176 and extends above
the upper plate 178 through the circular apertures 184. Drill stops 196 extending into the
cylindﬁcal bit rebe,ptacle 134 along the length of ﬁe sleeve 186 resists rotation of the drill bit 28
in the receptacle 134 when the drill pipe 18 being threaded onto or off of -'rh§ drill bit 28 in the
 receptacle 134. A hole 198 shown in Figs. 8 and 9 formed in each receptacle 134 ﬁnough the
lower plate 176 and coaxial with the corresponding sleeve 186 allows fluid and debris from a
spent drill bit to be easily cleaned out of the drill bit receptacle 134, Three hydraulic locks 192
extend through apertures 208 formed through each sleeve 186 and engage the drill bit 28
received in the receptacie 134 to position and hold the drill bit 28 in the sleeve 186 for engaging
the lower end of the first pipe. _

[0026] In the storage position, the upper end 204 of the drill bits 28 are'disposed ina
semi-annular hood 206 fixed to the base support plate 124. An arcuate slot 210 foﬁncd in the

hood 206 receives the upwardly extending upper ends 204 of the drill bits 28 as the carouse] 130



CA 02679189 2009-09-18

rotates toward the storage position. Advantageously, the hood 206 protects the drill bits 28
disposed in the receptacles 134 from harmful debris when in the storage position.

[0027] In the exchange positions, the bit carousel 130 is supported over the opening 116
in the deck 110 by two support rails 212 adjacent the opening 116. Preferably, one support rail

212 1s mounted adjacent the deck opening 116 between the deck opening 116 and the spindle
144 and the other support rail 212 is parallel to the first support rail 212 on an opposing side of
the deck opening 116. Advantageously, upper surfaces 224 of the support rails 212 engage the
lower surface 226 of the bit carousel lower plate 176 to support the bit carousel 130 over the
opening 116 in the deck 110 without interfering with the tool wrench operation.

[0028] Preferably, the support rails 212 form part of tool wrench ass;embly 214 mounted
on the deck 110. The tool wrench assembly 214 includes a base 216 mounted to the deck 110,
such as by welding, bolts, and the like. Hydraulic actuators 218 mounted on the base 216 urge
slidably mounted jaws 222 into engagement with the drill pipe string to add and remove drill
pipe. The support rails 212 are mounted to the tool wrench assembly base 216 and extend above
the tool wrench jaws 222 on opposing sidés of the deck opening 116 tangential to the bit carousel
130. Of course, the support rails 212 can be mounted directly to the deck 110 independent of the
tool Wrench assembly 214 without departing from the scope of the invention.

[0029] In use, a blast hole drill incorporating the present invention, includes a drill bit 28
in at least one of the drill bit receptacles 134 in the bit carousel 130, When a drill bit 28 on the
end of the drill pipe string requires replacement, the spent drill bit 28 is raised to the surface
above the bit carousel 130. The bit carousel 130 is rotated from the storage position to an
ex.c’hange position locating an empty drill bit receptacle 134 beneath the spent drill bit 28. The

spent drill bit 28 is lowered by the operator into the empty drill bit receptacle 134. Once the
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spent drill bit 28 is lowered into the empty drill bit receptacle 134, the operator engages the drill
bit locks 192 associated with the drill bit receptacle 134 with the drill bit 28 and rotates the drill
pipe to unscrew the spent drill bit 28 from the drill pipe. After the spent drill bit 28 is detached
from the drill pipe, the drill pipe is raised and the bit carousel 130 is rotated to another exchange
position locating a fresh drill bit 28 beneath the drill pipe. Of course, the tool wrench assembly
214 can be used to loosen the spent drill bit 28 relative to the drill pipe prior to depositing the
spent drill bit 28 into the drill bit receptacle 134.

[0030] The fresh drill bit 28 is attached to the drill pipe by the operator lowering the
rotating drill pipe onto the fresh drill bit 28 to thread the fresh drill bit 28 onto the end of the drill
pipe. Once the fresh drill bit 28 is attached to the drill pipe, the operator releases the drill bit
locks 192 securing the drill bit 28 and raises the fresh drill bit 28 out of the drill bit recepfcacle
134 by raising the dnlil pipe. After the fresh drill bit 28 1s clear of the drill bit carousel 130, the
drill bit carousel 130 1s rotated to the storage position and the drill pipe and fresh drill bit 28 are
lowered through the deck opening 116 to continue drilling. Advantageously, the drill bit carousel
assembly 100 allows the operator to change the drill bit 28 from the coﬁfort of the operator cab
and eliminates manual operations to minimize the time required to change out drill bits 28 during
a drilling operation.

[0031] While there has been shown and described what are at present considered the
preferred embodiments of the invention, it will be obvious to those skilled in the art that various
changes and modifications can be made therein without departing from the scope of the

invention defined by the appended claims.
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CLAIMS:

1. A blast hole drill comprising:

a deck frame including an opening for passing a drill pipe therethrough along a

drill pipe centerline;

a drill bit carousel fixed relative to said deck frame adjacent said drill pipe
centerline, said drill bit carousel including a plurality of drill bit receptacles, said drill bit

carousel being movable between a storage position and at least one exchange position, in said

exchange position one of said drill bit receptacles is aligned with said centerline of said drill

pipe, and in said storage position said drill bit carousel is clear of said centerline of said drill

pipe;

at least one of said drill bit receptacles having a sleeve extending above an

upper surface of said carousel; and

at least one hydraulic lock associated with the drill bit receptacle and
configured to releasably engage a drill bit on the drill pipe, the hydraulic lock including a -

hydraulic cylinder that extends through an aperture in the sleeve.

2. The blast hole drill as in claim 1, in which said drill bit carousel is fixed to a

spindle and rotatable between said storage position and said least one exchange position.

3. The blast hole drill as in claim 1, including a hood having an arcuate slot
receiving an upper end of a drill bit disposed in at least one of said drill receptacles when said

carousel is in said storage position.

4, The blast hole drill as in claim 1, including at least one support rail supporting

said carousel when said carousel is in said at least one exchange position.

5. The blast hole drill as in claim 1, in which said drill bit carousel includes a
drive motor driving said carousel between said storage position and said least one exchange -

position.
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6. The blast hole drill as in claim 1, in which each of said drill bit receptacles is

dimensioned for receiving one drill bit.

7. The blast hole drill as in claim 1, in which said carousel includes index
openings and a plurality of exchange positions, each of said index openings corresponding to
one of said exchange positions, wherein a locking pin is received in one of said index

openings to align one of said exchange positions with said drill pipe centerline.

8. The blast hole drill as in claim 1, in which at least one drill stop extends
inwardly from said sleeve into said at least one drill bit receptacle to prevent rotation of the

drill bit disposed in said at least one drill bit receptacle.

9. The blast hole drill as in claim 1, in which at least one of said drill bit

- receptacles includes a hole allowing removal of fluid and debris from said drill bit receptacle.

10. The blast hole drill as in claim 1, including a mast supported by said frame and

supporting said drill pipe.
11. A blast hole drill comprising:

a deck frame including an opening for passing a drill pipe therethrough along a

drill pipe centerline;

a drill bit carousel fixed relative to said deck frame adjacent said drill pipe

centerline, said drill bit carousel including a plurality of drill bit receptacles;

" at least one of said drill bit receptacles having a sleeve extending above an

upper surface of said carousel; and

at least one hydraulic lock associated with the drill bit receptacle and
configured to releasably engage a drill bit on the drill pipe, the hydraulic lock including a

hydraulic cylinder that extends through an aperture in the sleeve.

12. ‘ " A drill bit carousel. mountable in a blast hole drill as recited in claim 11, said

drill bit carousel being movable between a storage position and at least one exchange position,

10
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in said exchange position one of said drill receptacles is aligned with a centerline of a drill

pipe, and in said storage position said drill bit carousel is clear of said centerline of said drll

pipe.

13. The drill bit carousel as in claim 12, in which said drill bit carousel includes a
drive motor driving said carousel between said storage position and said least one exchange
position.

14. The drill bit carousel as in claim 11, in which each of said drill bit receptacles

1s dimensioned for receiving one drill bit.

15. The drill bit cgrousel as 1n claim 12, in which said carousel includes index
openings and a plurality of eXchange positions, each of said index openings corresponding to

one of said exchange positions, wherein a locking pin 1s received in one of said index

openings to align one of said exchange positions with said drill pipe centerline.

16. The drll bit carousel as in claim 11, in which at least one drill stop extends
inwardly from said sleeve 1nto said at least one drill bit receptacle to prevent rotation of a drill

bit disposed 1n said at least one drill bit receptacle.

17. The drill bit carousel as in claim 11, in which at least one of said drill bit

receptacles includes a hole allowing removal of fluid and debris from said drill bit receptacle.

11
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FIG. 3
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FIG. 6
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