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BOREHOLE DRILL BIT CUTTER INDEXING
FIELD

The subject matter disclosed herein relates to borehole drill bit cutters and more

particularly relates to borehole drill bit cutter indexing.
BACKGROUND
DESCRIPTION OF THE RELATED ART

The drill bits used to drill boreholes, particularly fixed cutter bits, employ cutters to
fragment rock.

BRIEF SUMMARY OF THE INVENTION

An apparatus is disclosed for borehole drill bit cutter indexing. In one embodiment, a
housing is disposed in a drill bit. An indexing cog is in physical communication with a cutter
and interlocks with the housing in a first index position of a plurality of index positions in
response to a first compressive load applied to the cutter. A motivator disengages the indexing
cog from the housing and positions the indexing cog to interlock with the housing at an initial
second index position in response to a removal of the compressive load from the cutter.

In another embodiment, the indexing cog interlocks with the housing in a second index
position of the plurality of index positions in response to a second compressive load applied to
the cutter.

In another embodiment, the indexing includes a plurality of indexing cog teeth that
interlock with at least one protrusion of the housing in the plurality of index positions.

In still another embodiment, each indexing cog tooth comprises a sloped face and a
vertical face.

In another embodiment, the motivator includes a push cog. The push cog includes at
least one push cog tooth. The motivator disengaging the indexing cog includes the at least one
push cog tooth pushing against the sloped face of at least one first indexing cog tooth to move
the indexing cog parallel to a central axis and rotate the indexing cog about the central axis from
the first index position to the initial second index position.

In one embodiment, the second compressive load moves the sloped face of at least one
second indexing cog tooth to physically communicate with the at least one protrusion of the
housing, the at least one second indexing cog tooth sliding along the at least one protrusion from
the initial second index position to interlock the indexing cog with the housing in the second
index position in response to the second compressive load.

In one embodiment, the plurality of index positions is in the range of 2 to 32. In another

embodiment, the plurality of index positions is in the range of 4 to 8.
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In one embodiment, the motivator includes a first spring that applies a force to the
indexing cog along a central axis and a second spring that applies a moment to the indexing cog
about the central axis.

A method for performing the functions of the apparatus is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the embodiments of the invention will be readily
understood, a more particular description of the embodiments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments and are not therefore to be
considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

Figure 1 is a side-view drawing illustrating one embodiment of a borehole drill bit;

Figure 2 is a bottom-view drawing illustrating one embodiment of a borehole drill bit;

Figure 3 is a side-view hidden-line drawing illustrating one embodiment of a compressed
indexing cutter apparatus;

Figure 4 is a side-view hidden-line drawing illustrating one embodiment of an
uncompressed indexing cutter apparatus;

Figure 5 is a side-view hidden-line drawing illustrating one embodiment of a
recompressed indexing cutter apparatus;

Figure 6 is a schematic flow chart diagram illustrating one embodiment of a cutter
indexing method;

Figure 7 is an exploded perspective view drawing illustrating one embodiment of an
indexing cutter apparatus;

Figure 8A is a perspective hidden-line drawing illustrating one embodiment of a housing;

Figure 8B is a perspective hidden-line drawing illustrating one embodiment of portions of
the assembled indexing cutter apparatus;

Figure 9A is a perspective drawing illustrating one embodiment of an indexing cog;

Figure 9B is a perspective drawing illustrating one embodiment of portions of the
assembled indexing cutter apparatus;

Figure 10A is a perspective drawing illustrating one embodiment of an indexing cog
interlocking with a housing;

Figure 10B is a top-view drawing illustrating one embodiment of a push cog interlocking

with a housing;
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Figure 11 is a side-view hidden-line drawing illustrating one embodiment of a
compressed indexing cutter apparatus;

Figure 12 is a side-view hidden-line drawing illustrating one embodiment of an
uncompressed indexing cutter apparatus;

Figure 13 is a side-view hidden-line drawing illustrating one embodiment of a
recompressed indexing cutter apparatus;

Figure 14 is a top-view drawing illustrating index positions of the cutter;

Figure 15 is a side-view hidden-line drawing illustrating one alternate embodiment of a
compressed indexing cutter apparatus;

Figure 16 is a side-view hidden-line drawing illustrating one alternate embodiment of an
uncompressed indexing cutter apparatus;

Figure 17 is a top-view drawing illustrating one alternate embodiment of a motivator
spring; and

Figure 18 is a side-view hidden-line drawing illustrating one alternate embodiment of a
recompressed indexing cutter apparatus.

DETAILED DESCRIPTION OF THE INVENTION

References throughout this specification to features, advantages, or similar language do
not imply that all of the features and advantages may be realized in any single embodiment.
Rather, language referring to the features and advantages is understood to mean that a specific
feature, advantage, or characteristic is included in at least one embodiment. Thus, discussion of
the features and advantages, and similar language, throughout this specification may, but do not
necessarily, refer to the same embodiment.

Furthermore, the described features, advantages, and characteristics of the embodiments
may be combined in any suitable manner. One skilled in the relevant art will recognize that the
embodiments may be practiced without one or more of the specific features or advantages of a
particular embodiment. In other instances, additional features and advantages may be recognized
in certain embodiments that may not be present in all embodiments.

The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate the architecture, functionality, and operation of possible implementations of
apparatuses, systems, and methods according to various embodiments of the present invention. It
should also be noted that, in some alternative implementations, the functions noted in the block
may occur out of the order noted in the Figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the blocks may sometimes be executed in

the reverse order, depending upon the functionality involved. Other steps and methods may be



10

15

20

25

30

WO 2013/066819 PCT/US2012/062432

4

conceived that are equivalent in function or effect to one or more blocks, or portions thereof, of
the illustrated Figures.

Although various arrow types and line types may be employed in the flowchart and/or
block diagrams, they are understood not to limit the scope of the corresponding embodiments.
Indeed, some arrows or other connectors may be used to indicate only one embodiment of the
functional flow.

Figure 1 is a side-view drawing illustrating one embodiment of a borehole drill bit 100.
In the depicted embodiment, the drill bit 100 is a fixed cutter drill bit 100, such as a
polycrystalline diamond compact (PDC) or a grit hot pressed inserts (GHI) drill bit.
Alternatively, the drill bit 100 may be a roller cone drill bit.

The drill bit 100 includes a shaft 105 and a head 110. A plurality of cutters 115 is
disposed about the head 110. For clarity, only representative cutters 115 are labeled. In one
embodiment, the cutters 115 grind against the rock of a drill bit 100/rock interface during the
drilling operation to fragment the rock.

Figure 2 is a bottom-view drawing illustrating one embodiment of the drill bit 100. The
drill bit 100 is a drill bit 100 of Figure 1. The description of the drill bit 100 refers to elements of
Figure 1, like numbers referring to like elements. The drill bit includes a plurality of cutters 115.
For clarity, only representative cutters 115 are labeled. The drill bit 100 includes or more
openings 120. At least one opening 120 allows drilling fluid or drilling mud to be pumped into
the drilling interface while least one other opening 120 removes the drilling fluid from the
drilling interface.

Figure 3 is a side-view drawing illustrating one embodiment of a compressed indexing
cutter apparatus 200. The apparatus 200 may secure the cutter 115 within the drill bit 100. The
description of the apparatus 200 refers to elements of Figures 1-2, like numbers referring to like
elements. The apparatus 200 includes the cutter 115, a housing 310, an indexing cog 305, and a
motivator 315. The apparatus 200 may also include a least one protrusion 320. In addition, a
central axis 335 of the apparatus 200 is shown.

The housing 310 is disposed in the drill bit 100. The housing 310 may be integrated into
the drill bit 100 in a cutter pocket (not shown). Alternatively, the housing 310 may be secured
within the drill bit 100 by being press fit, using a mechanical locking mechanism, using a weld,
or the like.

The indexing cog 305 is a physical communication with the cutter 115. The indexing cog
305 may be bonded, welded, mechanically fastened, or the like to the cutter 115. The indexing

cog 305 interlocks with the housing 310 in a plurality of index positions that will be described
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hereafter. A different portion of the cutter 115 is primarily in contact with the rock in each index
position.

If a portion of the cutter 115 is worn away during the drilling operation, the efficacy of
the cutter 115 is diminished. In the past, when the efficacy of the cutters 115 on a drill bit 100
was sufficiently diminished, the drill bit 100 was raised to the surface and replaced. This
replacement of the drill bit 100 is extremely costly to a drilling operation. The embodiments
described herein index the cutter 115 to the new index position, exposing a new portion of the
cutter 115 to the rock. As a result, the efficacy of the cutter 115 is maintained for a significantly
longer time, resulting in substantial savings for the drilling operation.

In the depicted embodiment, a first index position 325a is indicated with a line. The
protrusions 320 may secure the indexing cog 305 in the first index position 325a. In one
embodiment, the protrusions 320 interlock with the indexing cog 305 to secure the indexing cog
305 to the housing 310 in each index position 325. In one embodiment, the index cog 305
comprises teeth that interlock with one or more edges of the protrusion 320. Alternatively, the
protrusion 320 may fit within a slot of the indexing cog 305 in a tongue and groove manner to
interlock the index cog 305 with the housing 310. In a certain embodiment, the protrusion 320 is
disposed on the index cog 305 and interlocks with a groove of the housing 310. One of skill in
the art will recognize that embodiments may also be practiced with slots, indentations, and
fasteners interlocking with the indexing cog 305 to secure the indexing cog 305 to the housing
310.

The motivator 315 may attempt to disengage the indexing cog 305 from the housing 310.
However, while compressive load is applied to the cutter 115 and overcomes the force of the
motivator 315, the indexing cog 305 is securely interlocked with the housing 310, preventing the
indexing cog 305 from indexing from the first indexing position 325a to another indexing
position 325. The motivator 315 may include one or more springs, a pneumatic actuator, a
hydraulic actuator, an electrical actuator, a piezoelectric actuator, a thermal actuator, or the like.

Figure 4 is a side-view drawing illustrating one embodiment of an uncompressed
indexing cutter apparatus 200. The apparatus 200 of Figure 3 is shown after the compressive
load on the cutter 115 is removed. In one embodiment, the compressive load is removed when
the drill bit 100 is lifted away from the rock interface in the borehole. The description of the
apparatus 200 refers to elements of Figures 1-3, like numbers referring to like elements.

With the compressive load on the cutter 115 removed, the motivator 315 disengages the
indexing cog 305 from the housing 310. In addition, the motivator 315 positions the indexing

cog 305 to interlock with the housing 310 at an initial second index position 330b. In one
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embodiment, the initial second index position 330b is offset from the first index position 325a at
an offset angle about the central axis 335. The offset angle may be in the range of 0.5° to 5°. In
one embodiment, when the compressive force is reapplied to the cutter 115 in the initial second
index position 330b, the indexing cog 305 is positioned to interlock with the housing 310 in a
second index position in response to the compressive force as will be described hereafter. In a
certain embodiment, the initial second index position 330b is the second index position.

Figure 5 is a side-view drawing illustrating one embodiment of a recompressed indexing
cutter apparatus 200. The apparatus 200 is the apparatus 200 of Figure 4 after the compressive
load is reapplied to the cutter 115. In one embodiment, the compressive force is reapplied as the
drill bit 100 is lowered against the rock interface in the borehole. The description of the
apparatus 200 refers to elements of Figures 1-4, like numbers referring to like elements.

The compressive load of the drill bit 100 against the rock interface is reapplied to the
cutter 115 as a second compressive load. The second compressive load pushes against and
overcomes the force of the motivator 315, motivating the indexing cog 305 to interlock with the
housing 310 in the second index position 325b. As a result, a new portion of the cutter 115
contacts the rock interface. By indexing the cutter 115 and presented a new portion of the cutter
115 to the rock interface, the drill bit 100 may continue drilling operations with high efficacy,
without removing the drill bit 100 from the borehole.

Figure 6 is a schematic flow chart diagram illustrating one embodiment of a cutter
indexing method 400. The method 400 may perform the functions of the apparatus 200 of
Figures 3-5. The description of the method 400 refers to elements of Figures 1-5, like numbers
referring to like elements.

The method 400 starts, and in one embodiment a compressive load is not applied to the
cutter 115. In one embodiment, the indexing cog 305 is positioned in an initial first index
position. The indexing cog 305 may continue in the initial first index position until the
compressive load is applied 405 to the cutter 115.

When the compressive load is applied 405 to the cutter, the compressive load pushes
against the force of the motivator 315 and interlocks 410 the indexing cog 305 with the housing
310 in the first index position 325a. The indexing cog 305 is held 415 in the first index position
325a by the housing 310 until the compressive load is removed 415.

When the compressive load is removed 415, the motivator 315 disengages 420 the
indexing cog 305 from the housing 310. In addition, the motivator 315 may position 425 the
indexing cog 305 at the initial second index position 330b. In one embodiment, the indexing

caught 305 remains 430 in the initial second index position 330b until the compressive load is
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applied to the cutter 115. When the compressive load is applied 430 to the cutter 115 as a second
compressive load, the indexing cog 305 interlocks with the housing 310 in the second index
position 325b in response to the compressive load applied to the cutter 115 and the method 400
ends. In one embodiment, the interaction of the indexing cog 305 and the protrusion 320 guide
the indexing cog 305 to the second index position 330b in response to the compressive load.

The method 400 indexes the cutter 115 from the first index position 325a to the second
index position 325b by removing 415 the compressive load on the cutter 115 and then reapplying
430 the compressive load to the cutter 115. As a result, the drill bit 100 may remain in the
borehole much longer than without indexing of the cutter 115. A drilling operation need only
briefly disengage the drill bit 100 from the rock interface to index the cutter 115. Thus each
cutter 115 maybe repeatedly indexed while in the borehole to display a fresh portion of the cutter
115 to the rock interface.

Figure 7 is an exploded side-view drawing illustrating one embodiment of an indexing
cutter apparatus 500. The apparatus 500 may be a species of the apparatus 200 of Figures 3-5.
The description of the apparatus 500 refers to elements of Figures 1-6, like numbers referring to
like elements. The apparatus 500 includes the cutter 115, the indexing cog 305, a stud 525, a
push cog 510, a motivator spring 515, the locking ring 520, and the housing 310.

The cutter 115 is physically connected to the indexing cog 305. The cutter 115 may be
physically connected to the indexing cog 305 via a bond, a fastener, a weld, and the like. The
stud 525, push cog 510, motivator spring 515, and locking ring 520 may be embodied in the
motivator 315. The stud 525 may be physically connected to the indexing cog 305. The stud
525 may be physically connected to the indexing cog 305 via a bond, a fastener, a weld, and the
like. The locking ring 520 may secure the stud 525 to the housing 310 as will be shown
hereafter.

Figure 8A is a perspective hidden-line drawing illustrating one embodiment of a housing
310. The housing 310 is the housing 310 of Figure 7. The description of the housing 310 refers
to elements of Figures 1-7, like numbers referring to like elements. The housing 310 includes a
plurality of protrusions 520 and a locking ring slot 560.

The protrusions 320 include a sloped top that interlocks with the indexing cog 305 as will
be described hereafter. The locking ring slot 560 receives the locking ring 520 as will be
described hereafter.

Figure 8B is a perspective drawing illustrating portions of the assembled indexing cutter
apparatus 500. The apparatus 500 is the apparatus 500 of Figure 7. The description of the

apparatus 500 refers to elements of Figures 1-8A, like numbers referring to like elements.
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The stud 525 includes a proximal end 550 and a distal end 555. The proximal end 550
may be physically connected to the indexing cog 305. The distal end 555 may be inserted
through the push cog 510, the motivator spring 515, and the locking ring 520. In one
embodiment, the locking ring 520 is compressed to a smaller diameter and fitted into the locking
ring slot 560 of the housing 310. The locking ring 520 expands to fit within the locking ring slot
560, physically connecting the stud 525 to the housing 310 by securing the distal end 555 of the
stud 525.

The motivator spring 515 may apply a force to the push cog 510. The force of the
motivator spring 515 against the push cog 510 may attempt to disengage the indexing cog 305
from the housing 310. The push cog 510 may include a plurality of teeth. In one embodiment, at
least one tooth 565 of the push cog 510 pushes against the indexing cog 305. For clarity, only a
representative push cog tooth 565 is labeled.

Figure 9A is a perspective drawing illustrating one embodiment of the indexing cog 305.
The indexing cog 305 is the indexing cog 305 of Figure 7. The description of the indexing cog
305 refers to elements of Figures 1-8, like numbers referring to like elements.

The indexing cog 305 may comprise a plurality of indexing cog teeth 570. TFor clarity,
only representative indexing cog teeth 570 are labeled. At least one indexing cog tooth 570 may
interlock with at least one protrusion 320 of the housing 320 in each of the plurality of index
positions 325 as will be shown hereafter. In one embodiment, each indexing cog tooth 570
comprises a sloped face 575 and a vertical face 580.

When the compressive load is removed from the cutter 115, the force of the motivator
spring 515 against the push cog 510 may push a push cog tooth 565 against a sloped face 575 of
the indexing cog 305, disengaging the indexing cog 305 from the protrusions 320 of the housing
310. In addition, the force of the push cog tooth 565 against the sloped face 575 also generates a
moment about the central axis 335, motivating the indexing cog 305 from the first index position
325a to the initial second index position 330b.

Figure 9B is a perspective hidden-line drawing illustrating portions of the assembled
indexing cutter apparatus 500. The apparatus 500 is the apparatus 500 of Figure 7. 'The
description of the apparatus 500 refers to elements of Figures 1-9A, like numbers referring to
like elements. The proximal end 550 of the stud 525 is physically connected to the indexing cog
305. The physical connection may be a bond, a weld, a mechanical fastener, or the like. The
indexing cog 305 is physically connected to the cutter 115. The physical connection may be a

bond, a weld, a mechanical fastener, or the like.
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Figure 10A is a perspective drawing illustrating the indexing cog 305 interlocking with
the housing 310. The indexing cog 305 and the housing 310 are the indexing cog 305 and
housing 310 of Figure 7. The description of the indexing cog 305 interlocking with the housing
310 refers to elements of Figures 1-9B, like numbers referring to like elements. For clarity, other
components are not shown.

The housing 310 includes at least one protrusion 320. The protrusion 320 may be
disposed along a cylinder wall of the housing. The space between the protrusions 320 may
function as a channel to guide the push cog 510. In the depicted embodiment, each protrusion
320 has a sloped face that interlocks with the sloped face 575 of an indexing cog tooth 570. One
of skill in art will recognize that embodiments may be practiced with other configurations of the
protrusions 320 and the indexing cog 305 such that the indexing cog 305 interlocks with at least
one protrusion 320.

Figure 10B is a top-view drawing illustrating a push cog 510 interlocking with a housing
310. The push cog 510 and the housing 310 are the push cog 510 and housing 310 of Figure 7.
The description of the push cog 510 interlocking with the housing 310 refers to elements of
Figures 1-10A, like numbers referring to like elements.

In the depicted embodiment, specified push cog teeth 565a of the push cog 510 fit in the
space between the protrusions 320 of the housing, preventing the push cog 510 from rotating
within the housing 310 and guiding the push cog 510 towards the indexing cog 305.
Alternatively, other tongue and groove, guide and rail, or the like structures may be employed to
prevent the push cog 510 from rotating in the housing 310 and to guide the push cog 510. In a
certain embodiment, the housing 310 has a non-circular cross-section and the push cog 510 has a
complementary non-circular cross-section.

Figure 11 is a side-view hidden-line drawing illustrating one embodiment of a
compressed indexing cutter apparatus 500. The apparatus 500 may be the apparatus 500 of
Figure 7. The description of the apparatus 500 refers to elements of Figures 1-10, like numbers
referring to like elements. The cutter 115 is shown in the first index position 325a. The
compressive load prevents the motivator spring 515 (not shown for clarity) and the push cog 510
from disengaging the indexing cog 305 from the housing 310.

Figure 12 is a side-view hidden-line drawing illustrating one embodiment of an
uncompressed indexing cutter apparatus 500. The apparatus 500 may be the apparatus 500 of
Figure 11 with the compressive load removed. The description of the apparatus 500 refers to
elements of Figures 1-11, like numbers referring to like elements. With the compressive load

removed, the motivator spring 515 (not shown for clarity) has pushed the push cog 510 against
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the indexing cog 305. Because there is no compressive load to counteract the motivator spring
515, the indexing cog 305 is disengaged from the protrusions 320 of the housing 310.

The cutter 115 is shown moved to the initial second index position 330b. In one
embodiment, the initial second index position 330b is disposed so that the reapplication of the
compressive load on the cutter 115 will push the sloped face 575 of at least one indexing cog
tooth 570 to contact a protrusion 320 and guide the indexing cog 305 to interlock with a
protrusion 320 in the second index position 325b.

Figure 13 is a side-view hidden-line drawing illustrating one embodiment of a
recompressed indexing cutter apparatus 500. The apparatus 500 may be the apparatus 500 of
Figure 12 with the compressive load reapplied as a second compressive load. The description of
the apparatus 500 refers to elements of Figures 1-12, like numbers referring to like elements.
With the reapplication of the compressive load, the sloped face 575 may slide along the
protrusion 320 as the cutter 115 is pushed toward the housing 310 by the compressive load,
generating a moment that rotates the indexing cog 305 and the cutter 115 about the central axis
335 into the second index position 330. The protrusion 320 and at least one indexing cog tooth
570 may prevent further rotation of the indexing cog 305 and the cutter 115 about the central
axis 335 when the indexing cog 305 is interlocked in the second index position 325b while the
compressive load is applied to the cutter 115.

Figure 14 is a top-view drawing illustrating index positions 325 of the cutter 115. The
description of the index positions 325 refers to elements of Figures 1-14, like numbers referring
to like elements. The depicted embodiment shows six index positions for the cutter 115. In one
embodiment, the cutter 115 may be positioned in one index position 325 of plurality of index
positions 325, the number of the plurality of index positions 325 in the range of 2 to 32 index
positions 325. Alternatively, the number of plurality of index positions 325 may be in the range
of 4 to § index positions 325. In a certain embodiment, the number of the plurality index
positions 325 is in the range of 6 to 8 index positions 325. Alternatively, the number of the
plurality of index positions 325 is in the range of 4 to 6 index positions 325.

Figure 15 is a side-view drawing illustrating one alternate embodiment of a compressed
indexing cutter apparatus 900. The apparatus 900 may be an alternate species of the apparatus
200 of Figures 3-5. The description of the apparatus 900 refers to elements of Figures 1-14, like
numbers referring to like elements.

The indexing cog 305 is shown interlocked with protrusions 320 of the housing 310 in
response to the compressive load. 'The indexing cog 305 is positioned in the first indexing

position 325a. A first spring 905 applies a force to separate the indexing cog 305 and the
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housing 310, but in the depicted embodiment, the force of the first spring 905 is insufficient to
disengage the indexing cog 305 from the housing 310.

Figure 16 is a side-view drawing illustrating one alternate embodiment of an
uncompressed indexing cutter apparatus 900. The apparatus 900 is the apparatus 900 of Figure
15 when the compressive load is removed from the cutter 115. The description of the apparatus
900 refers to elements of Figures 1-15, like numbers referring to like elements.

In one embodiment, the first spring 905 applies a force that disengages the indexing cog
305 from the housing 310. In a certain embodiment, a second spring 910 applies a moment
about the central axis 335 to rotate the indexing cog 305 to the initial second index position 330b
as will be described hereafter in the description of Figure 17.

Figure 17 is a top-view drawing illustrating one alternate embodiment of the second
spring 910 of Figure 16 within the housing 310. The description of the apparatus 900 refers to
elements of Figures 1-16, like numbers referring to like elements. The second spring 910 may
apply a force to a knob 915 of the indexing cog 305, generating a moment about the central axis
335.

Figure 18 is a side-view drawing illustrating one alternate embodiment of a recompressed
indexing cutter apparatus 900. The apparatus 900 is the apparatus 900 of Figure 16 when the
compressive load is reapplied as a second compressive load to the cutter 115. The description of
the apparatus 900 refers to elements of Figures 1-17, like numbers referring to like elements.
The second compressive force pushes the indexing cog 305 to interlock with the housing 310 in
the second index position 325b.

INDUSTRIAL APPLICABILITY

Drill bit cutters 115 are used to cut through rock when drilling a bore hole. Although the
cutters 115 are extremely tough and resilient, the cutters 15 eventually wear and lose
effectiveness. However, the cutters 115 cannot be changed without bringing the drill bit 100 to
the surface, an expensive and time consuming operation.

The embodiments include a cutter with multiple index position. A distinct portion of the
cutter is applied to the rock face at each index position. After the cutter portion at a first index
position becomes worn, the embodiments index the cutter 115 to a new index position so that a
new portion of the cutter 115 is applied to the rock. As a result, a fresh cutting surface is applied
to the rock without raising the drill bit 100 to the surface.

The embodiments further index the cutter 115 without a powered actuator motivating the

cutter 115 from index position to index position. Instead, the forces of the cutter being applied to
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the rock and removed from the rock are harnessed to motivate the cutter between index positions.
As a result, the indexing is more reliable and the indexing apparatus is much less costly.

The embodiments may be practiced in other specific forms. The described embodiments
are to be considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing description.
All changes which come within the meaning and range of equivalency of the claims are to be

embraced within their scope.
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CLAIMS

1. An apparatus comprising:

a housing disposed in a drill bit;

an indexing cog in physical communication with a cutter and interlocking with the
housing in a first index position of a plurality of index positions in response to a first
compressive load applied to the cutter; and

a motivator disengaging the indexing cog from the housing and positioning the indexing
cog to interlock with the housing at an initial second index position in response to a removal of
the compressive load from the cutter.

2. The apparatus of claim 1, the indexing cog interlocking with the housing in a
second index position of the plurality of index positions in response to a second compressive
load applied to the cutter.

3. The apparatus of claim 2, the indexing cog comprising a plurality of indexing cog
teeth that interlock with at least one protrusion of the housing in the plurality of index positions.

4. The apparatus of claim 3, wherein each indexing cog tooth comprises a sloped
face and a vertical face.

5. The apparatus of claim 4, wherein the motivator comprises a push cog, the push
cog comprising at least one push cog tooth, and wherein the motivator disengaging the indexing
cog comprises the at least one push cog tooth pushing against the sloped face of at least one first
indexing cog tooth to move the indexing cog parallel to a central axis and rotate the indexing cog
about the central axis from the first index position to the initial second index position.

6. The apparatus of claim 5, wherein the second compressive load moves the sloped
face of at least one second indexing cog tooth to physically communicate with the at least one
protrusion of the housing, the at least one second indexing cog tooth sliding along the at least one
protrusion from the initial second index position to interlock the indexing cog with the housing

in the second index position in response to the second compressive load.

7. The apparatus of claim 1, wherein the plurality of index positions are in the range
of 2 to 32.

8. The apparatus of claim 1, wherein the plurality of index positions are in the range
of 4 to 8.

0. The apparatus of claim 1, the motivator comprising a first spring that applies a

force to the indexing cog along a central axis and a second spring that applies a moment to the
indexing cog about the central axis.

10. A method for cutter indexing comprising:
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interlocking an indexing cog with a housing in a first index position of a plurality of
index positions in response to a first compressive load applied to a cutter in physical
communication with a indexing cog wherein the housing is disposed in a drill bit;

disengaging the indexing cog from the housing; and

positioning the indexing cog to interlock with the housing from an initial second index
position in response to a removal of the compressive load from the cutter.

11. The method of claim 10, the method further comprising interlocking the indexing
cog with the housing in a second index position of the plurality of index positions in response to
a second compressive load applied to the cutter.

12. The method of claim 11, the indexing cog comprising a plurality of indexing cog
teeth that interlock with at least one protrusion of the housing in the plurality of index positions.

13. The method of claim 12, wherein each indexing cog tooth comprises a sloped face
and a vertical face.

14. The method of claim 13, wherein disengaging the indexing cog comprises the at
least one push cog tooth of a push cog pushing against the sloped face of at least one first
indexing cog tooth to move the indexing cog parallel to a central axis and rotate the indexing cog
about the central axis from the first index position to the initial second index position.

15. The method of claim 14, wherein the second compressive load moves the sloped
face of at least one second indexing cog tooth to physically communicate with the at least one
protrusion of the housing, the at least one second indexing cog tooth sliding along the at least one
protrusion from the initial second index position to interlock the indexing cog with the housing
in the second index position in response to the second compressive load.

16. A system comprising:

a drill bit;

a housing disposed in the drill bit;

an indexing cog in physical communication with a cutter and interlocking with the
housing in a first index position of a plurality of index positions in response to a first
compressive load applied to the cutter;

a motivator disengaging the indexing cog from the housing and positioning the indexing
cog to interlock with the housing at an initial second index position in response to a removal of
the compressive load from the cutter.

17. The system of claim 16, the indexing cog interlocking with the housing in a
second index position of the plurality of index positions in response to a second compressive

load applied to the cutter.
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