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(54) Title: DRILL BIT DESIGN

(57) Abstract: A drill bit (10), for example of a fixed cutter
type, comprises at least one structure, for example a blade,
having first and second rows of cutters (35a-h) thereon. The
first row is configured to achieve suitable performance when
the drill bit drills in concentric mode. The second row of cut
ters is configured to improve the performance of the first row
of cutters when the drill bit drills in eccentric mode. For ex
ample, the second row increases depth of cut and wear resist
ance in eccentric mode drilling. The drill bit may be moun
ted on a bent motor (120) used in directional drilling.
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Drill Bit Design

BACKGROUND

[0001] Drilling wells in oil and gas reservoirs is a lengthy operation, in some cases,

lasting over a month for a single well. In addition, drilling, for example offshore, is

performed in difficult and hazardous conditions; it mobilizes equipment that is complex

and expensive. To reduce the cost associated with the exploration or exploitation of oil

and gas reservoirs, drillers are pressed to drill wells faster and increase the yield of the

drilling equipment. In some places, increasing the rate of penetration (or "ROP") of a

drill string through the reservoir and reducing the frequency at which the drill string is

removed from the well to replace a worn drill bit have become a necessity to make oil

or gas extraction economical.

[0002] Several components of a drill string may be optimized to achieve a higher ROP.

The drill bit is one of these components: improving its aggressivity, its stability, as well

as its durability has significant impact on the speed at which wells may be drilled.

Examples of efforts to improve drill bit performances are shown in U.S. Pat. Nos.

5,551,522, 5,582,261, 5,549,171. Further, certain types of rocks may present unique

challenges for improving drill bit performance. Examples of efforts to improve drill bit

performances in plastic shales, one of the rocks encountered near or in oil and gas

reservoirs, are described in U.S. Pat. No. 6,564,886.

[0003] Methods of designing drill bits for increased performance may involve

estimating the trajectory of cutter elements mounted on a rotating drill bit, as well as the

bottom hole pattern (or "BHP") resulting from this trajectory. In cases where the drill bit

and the wellbore axis are essentially collocated, sometimes referred to as concentric

drilling cases, the BHP is relatively easy to estimate. In contrast, in cases where the

drill bit and wellbore axis are tilted and/or offset, sometimes referred to as eccentric



drilling cases, the BHP is more difficult to estimate. An example method of designing

drill bits that involves estimating the BHP is shown in U.S. Pat. No. 7,844,426 and one

that accounts for drilling in eccentric mode in U.S. Pat. No. 7,860,693. More recently,

U.S. Pat. App. Pub. No. 2012/0046869 discloses methods that rely on mathematical

approximations of the trajectory of the cutters in the eccentric mode to estimate the

BHP. In the current state of the art, few methods account for drilling in the eccentric

mode, and the performance of drill bits operating at least partially in eccentric mode,

typically drill bits mounted on a rotatable bent motor, remains mediocre.

SUMMARY

[0004] Those skilled in the art will readily recognize that the present disclosure and its

accompanying figures introduce a bottom hole assembly (or "BHA") comprising a drill

bit mounted on a rotatable bent motor. The drill bit, for example a fixed cutter drill bit,

comprises a plurality of cutters, such as polycrystalline diamond compacts (or "PDC").

The plurality of cutters may comprise at least a first row of cutters, herein referred to as

primary cutters, affixed to and protruding from a blade of the drill bit, and a second row

of cutters, herein referred to as secondary cutters, affixed to and protruding from the

same blade. The second row may be located behind the first row relative to the

direction of rotation of the drill bit. The cutters of the first row may be sized, oriented

and/or located using a known or future-developed method to achieve a suitable

performance of the drill bit during concentric drilling, i.e., when the bent motor is not

rotated. The cutters of the second row may be sized, oriented and/or located using the

bottom hole pattern (or "BHP") generated by the cutters of the first row in an eccentric

drilling case. Thus the sizes, orientations and/or locations of the cutters of the second

row may be determined as a function of the geometry of the bent motor and the ratio of

the rotation speed of the drill bit by the one of the bent motor. For example, the sizes,

orientations and/or locations of the cutters of the second row may be selected to



achieve a deeper depth of cut (or "DOC") in eccentric drilling cases than the DOC

achievable with only the cutters of the first row. In other words, the sizes, orientations

and/or locations of the cutters of the second row may be selected to reduce or limit

rubbing of the blades in an eccentric drilling case. Another benefit is that the cutters of

the second row may be selected, positioned, orientated, etc, so as to achieve a

reduction in the wear of the cutters of the first row in eccentric drilling cases. The

cutters of the second row may be offset from the radial locations of the cutters of the

first row. In some embodiments, the cutters of the second row may play no part in rock

cutting when in concentric drilling. In some embodiments, the cutters of the second

row are not tracking the cutters of the first row in eccentric drilling cases.

[0005] The present disclosure and its accompanying figures also introduce methods of

designing a bottom hole assembly (or "BHA"). The methods may comprise selecting a

configuration of a row of primary cutters for achieving suitable performance of the drill

bit in concentric drilling cases, estimating a bottom hole pattern (or "BHP") generated

by the primary cutters in eccentric drilling cases, and selecting a configuration of a row

of secondary cutters based on the bottom hole pattern. The rows of both primary and

secondary cutters may be located on one blade of a drill bit of the BHA. The BHA may

include a bent motor, and the BHP in eccentric drilling mode may be parameterized by

a bent angle of the motor, the positions of stabilizers on the motor housing, the

diameter of the stabilizers, and the distances between the drill bit and the centralizers,

among other parameters. Selecting the configuration of the row of secondary cutters

may include identifying zones of blade rubbing on the BHP and adding at least one

secondary cutter to alleviate blade rubbing.

DRAWINGS

[0006] The present disclosure is best understood from the following detailed

description when read with the accompanying figures.



[0007] FIG. 1 is a bottom view of a drill bit according to one or more aspects of the

present disclosure.

[0008] FIG. 2 is a perspective view of the drill bit shown in FIG. 1 .

[0009] FIG. 3 is a perspective view of a portion of the drill bit shown in FIGs 1 and 2 .

[001 0] FIG. 4 is a view of a bottom hole assembly having a bent motor according to

one or more aspects of the present disclosure.

oo ] FIG. 5 is a snapshot of a graphical interface of a bottom hole assembly

configuration calculator (or "BCC") according to one or more aspects of the present

disclosure.

[001 2] FIG. 6 is a bottom view of the configuration of the bottom hole assembly shown

in FIG. 4 in a wellbore.

[001 3] FIGs. 7A and 7B are graphs of path curves of cutters according to one or more

aspects of the present disclosure.

[0014] FIGs. 8A and 8B are graphs of cutter bottom hole patterns according to one or

more aspects of the present disclosure.

[0015] FIGs 9A, 9B, and 9C illustrates steps of analysis of bottom hole patterns

according to one or more aspects of the present disclosure.

[001 6] FIG. 10 is a view of the bottom hole pattern generated by primary cutters of the

drill bit shown in FIG. 1.

[001 ] FIG. 11 is a view of the bottom hole pattern generated by primary and

secondary cutters of the drill bit shown in FIG. 1 .

DESCRIPTION

[001 8] It is to be understood that the following disclosure provides many different

embodiments, or examples, for implementing different features of various

embodiments. Specific examples of components and arrangements are described

below to simplify the present disclosure. These are, of course, merely examples and



are not intended to be limiting. In addition, the present disclosure may repeat

reference numerals and/or letters in the various examples. This repetition is for the

purpose of simplicity and clarity and does not in itself dictate a relationship between the

various embodiments and/or configurations discussed. Moreover, the formation of a

first feature over or on a second feature in the description that follows may include

embodiments in which the first and second features are formed in direct contact, and

may also include embodiments in which additional features may be formed interposing

the first and second features, such that the first and second features may not be in

direct contact.

[001 9] The methods disclosed herein regarding three dimensional simulation (or "3D

simulation") of bent motor BHAs provide the means to generate the BHP of a drill bit

mounted on a bent motor BHA when drilling in rotational mode. First, the movement of

the drill bit is simulated in 3D space. Then, the BHP generated by a selected portion of

the cutting structure of the drill bit may be visualized using the BHP creator described

herein. The BHP is assembled such that it is stationary and as the BHA rotates and

moves forward, the cutting structure of the bit tracks the BHP. For example, two BHPs

may be used; one to simulate the previous BHP relating to one complete rotation of the

string and one to simulate the next stage of the BHP created as the BHA moves

forward another complete revolution. The BHP creator may be set to progress at

certain time intervals relating to specific degrees of rotation of the string or bit to aid

visualization and analysis. As part of the 3D simulation, the BHP completed by the

entire cutting structure may be assembled into an overall computer assisted design

assembly (or "CAD assembly").

[0020] FIGs. 1, 2 and 3 show the placement of secondary cutters (e.g., row of cutters

30a and 30b) and to improve the DOC of a fixed cutter bit 10 usable for bent motor

applications. As may be seen, there are two secondary cutters per blade (e.g., blade

20). In contrast with prior art designs where the use of secondary cutters up tracks



directly behind the primary cutters (e.g., row cutters 35a, 35b, 35c, 35d, 35e, 35f, 35g,

35h) when drilling concentrically, the secondary cutters may be placed between the

primary cutters of the same blade.

[0021] Unlike some known bits in which the configuration of the secondary cutters is

only based on increasing wear resistance properties of the bit, the secondary cutters

(e.g., row of cutters 30a and 30b) of the bit 10 are also positioned to improve the BHP

created by the bit when rotating on a bent motor BHA in rotational (i.e., non-sliding /

non-concentric) drilling mode. In other words, the placement of the secondary cutters

may be primarily selected to improve the BHP when drilling in rotational mode on a

bent motor. These secondary cutters may be placed such that when in sliding or

concentric drilling mode they play no or little part in the cutting process (within pre

determined range DOCs) and hence do not slow down the bit when sliding. Optionally,

the location of the secondary cutters may be selected to ensure they are not tracking

the primary cutters.

[0022] The bit 10 may be designed the following way. The configuration, that is, the

position, size, orientation and/or other geometric parameters of the primary cutters

(e.g., the cutters 35a, 35b, 35c, 35d, 35e, 35f, 35g, and 35h) may be selected. Having

created the BHP equipped with a cutting structure consisting of the primary cutters

only, not only may a designer analyze each cut shape of each cutter of the bit, but also

look for blade rubbing that occurs at the face of the bit body and or gauge areas.

Having conducted the three dimensional simulation (or "3D simulation) and analysis of

bent motor BHAs, it became apparent that the BHP created by the bit when in non-

sliding mode was very much different to that when sliding or rotating concentrically.

This meant that the BHP at certain regions of the bit became heavily dependent on

blade count/rotational separation and bent motor BHA parameters. Under certain

drilling parameters the BHP may encroach into the blade tops of the bit body even



when maximum cutter exposure is achieved when relying solely on the primary cutting

structure.

[0023] It was found that by placing secondary cutters on each or some blades, it was

possible to improve the BHP in order to avoid blade rubbing at the regions of interest,

increasing DOC and hence ROP. The analysis BHP in eccentric drilling may thus lead

to a second design iteration in which secondary cutters placement improves

performance in bent motor applications. The secondary cutters may be placed such

that they remove additional rock in particular regions where otherwise blade rubbing

would be encountered if relying solely on the primary cutting structure. This blade

rubbing would then impede DOC reducing ROP. Thus, by properly placing the

secondary cutters, deeper DOC to be achieved based on being. For example the

secondary cutters (e.g., the cutters 30a and 30b) may be positioned between the

primary cutters and offset from the tip profile in order to remove a volume of rock

depending on the drilling parameters (e.g., the ROP, the ratio of the rotation speed of

the drill bit by the one of the bent motor) and configuration of the BHA (e.g., the bent

angle of the motor, the positions of stabilizers on the motor housing, the diameter of the

stabilizers, and the distances between the drill bit and the centralizers).

[0024] FIGs 5 , 7A, 7B, 8A, 8B, 9A, 9B and 9 C relate to 3D dynamic 3D simulation of a

bent motor BHA, such as BHA 100 shown in FIG. 4 whilst in rotational drilling mode, as

well as sliding drilling mode. The methods described herein may also allow the

analysis of the cutting structure and provide a visual understanding of behavior of the

complete BHA including components such as the bit, the bent motor and other

stabilizers. The methods not only may be used to simulate the BHA but also to

produce the trace curves for each cutter of the cutting structure of the bit, and to

simulate the BHP produced by the bit cutting structure in the rock when mounted on

the bent BHA under various run parameters. The simulation involves a 3D simulation

of the BHA and the incorporation of the BHP overlaid on the simulation to check cutter



interactions or other interactions with the rock, including interactions of the bit body,

motor and stabilizers. The methods provided herein provide means to predict bit tilt

and bit center to wellbore center distance used in turn to estimate trajectories of the

various BHA components.

[0025] The 3D simulation may include the following main components: a BHA

configuration calculator (or "BCC"), a BHA master simulator, and a BHP creator. The

BCC allows the user to enter the BHA configuration in terms of the motor data along

with the bit data and stabilizer data. A text file may then be outputted from the BCC

and fed into the master BHA simulator to create a specific BHA configuration in the

wellbore. The shown example utilizes ProE CAD but the method is by no means

restricted to ProE and could be implemented on any equivalent CAD package. A

simulated BHP may also be created based on the outputs of the BCC along with the

specific drilling parameters under consideration in terms of DOC (or ROP), RPM ratio

between bit and drill string. The BHP creator allows the user to step through various

rotational angles of the bit whilst drilling allowing for analysis at various rotational

angles of interest. The BHP may be color coded to highlight the cutters on each blade.

The BHP generates a path for each cutter of the bit as a function of the drilling

parameters. The BHP creator may be easily modified by changing parameters within

the algorithms.

[0026] The graphical interface of the BCC is shown in FIG. 5 . The BCC takes in motor

data (e.g., the data describing the geometry of the bent motor 120 shown in FIG. 4 , that

is dimensions, bent angle etc.), bit data (e.g., the data describing the geometry of the

drill bit 110 shown in FIG. 4), stabilizer data (e.g., the dimensions and positions data

describing the geometry of the stabilizers 130 in FIG. 4). The basis of the BCC may be

the three points of contact method which is widely used in the industry although not

necessarily to the detail of the BCC. For rotational drilling (i.e., eccentric drilling), the

BCC calculates the three points of contact on the bit, motor and stabilizer. These



parameters establish the configuration of the BHA (e.g. , the BHA 100 shown in FIG. 6)

when drilling in the rotational mode. The BCC establishes the rotational wellbore

diameter (e.g. , the diameter of wellbore 140 shown in FIG. 6). The BCC also

determines the bit tilt and offset distance. For sliding drilling (i.e. , concentric drilling),

the BCC calculates the three points of contact and the dogleg severity (or "DLS") in

order to analyze the BHA in sliding mode as well. The driving dimensions may then be

outputted to the master BHA simulator to drive the common assembly model for both

rotational and sliding simulation.

[0027] The master BHA simulator utilizes as input from the calculations generated by

the BCC and visualizes the studied BHA (e.g. , the BHA 100 shown in FIG. 6) within the

predicted wellbore diameter (e.g. , the wellbore 140 shown in FIG. 6). The master BHA

simulator may be configured via drilling parameters (e.g., mud flow rate through the

motor, motor power curve, ROP) in terms of rotation speed of the drill bit in rounds per

minute (or "RPM"), rotation speed of the BHA, and axial DOC. Once configured, the

drilling visualization may then be driven using the mechanism program within the CAD

system. The drilling simulation may provide the user with a wealth of visual

understanding of the dynamics of the various components making up the BHA,

especially the dynamics of the bit and its cutting structure. For example as shown in

FIG. 6 , the BHA 100 may be visualized confined within the predicted wellbore 140.

The drilling simulation may help the user to understand how the bit 110 generates the

effective wellbore 140 which is larger than the diameter of the bit 110 . Traced curves

may be created at various points of interest on the BHA to build up a better

understanding of the dynamic behavior. The dynamics of the bit may also be used to

understand the trajectories of components of the cutting structure, for example, cutter

paths (e.g. , paths 150a and 150b shown in FIGs. 7A and 7B). This capability can be

used as a double check between the master BHA simulator and the BHP creator.



[0028] Whilst the traced curves produced by the master BHA simulator may be used to

generate the cutter path curves for each of the cutters of the bit, this method may prove

to be very time consuming. Therefore, the BHP creator may be used to replicate the

true drilling trajectory of the bit and generate therefrom the path of all or any of the

cutters on a fixed cutter bit. For example, the BHP creator may be used to produce

path curves for cutters of specific interest. As shown in FIGs. 8A and 8B, top and

bottom views of example curves equivalent to paths 150a and 150b shown in FIGs. 7A

and 7B are produced.

[0029] FIGs. 9A, 9B, and 9C illustrate steps in the creation and analysis of a complete

BHP (including the entire cutting structure of the bit) according to the present

disclosure. The BHP creator utilizes the calculations generated by the BCC, as well as

the configuration of the cutters on the bit (cutter positions in a coordinate system bound

to the bit, cutter sizes, cutter orientations, etc..) for the bit being analyzed. The BCC

creator generates the complete BHP based on this input. The completed BHP (e.g.,

the BHP shown in FIG. 9A) may then be assembled back with the drilling simulation

into master BHA simulator as part of the visualization of the drilling dynamics. The

BHP is assembled such that it is stationary and as the BHA rotates and moves forward,

the cutting structure of the bit tracks the BHP.

[0030] Generally two BHPs are used to analyze the cutting structure: one to simulate

the previous BHP relating to one complete rotation of the string (e.g., FIG. 9A) and one

to simulate the next stage of the BHP created as the BHA moves forward another

complete revolution. The BHP creator may be set to progress at certain time intervals

relating to specific degrees of rotation of the string or bit to aid visualization and

analysis as shown in FIGs 9B and 9C. Having created the two BHPs, the user may not

only analyze each cut shape of each cutter of the bit but also look for blade rubbing

that occurs at the face of the bit body and/or gauge areas.



[0031] Blade rubbing in eccentric drilling mode is known to impede DOC and reduce

ROP. Blade rubbing analysis was conducted as part of the design of the drill bit shown

in FIGs 1, 2 and 3 , and may be used generally for designing drill bit product lines

specific for drilling application utilizing bent motors. The BHP analysis shown in FIGs

10 and 11 exemplifies a method of secondary cutters placement for bent motor

applications. The secondary cutters allow for deeper DOC to be achieved. For

example, the secondary cutters are placed such that they remove additional rock in

particular regions where blade rubbing would otherwise be encountered if relying solely

on the primary cutting structure.

[0032] FIG. 10 shows the BHP with the primary cutters but without the secondary

cutters, and a blade rubbing are 200 (in brown) appearing for a particular value of

DOC. FIG. 11 shows the BHP with the primary and secondary cutters, and the

additional volume 210 cut by the secondary cutters. There is no blade rubbing for the

same value of DOC.

[0033] The 3D simulation conveniently further includes the steps of simulating the

effects of transitioning from the rotational drilling mode to the sliding drilling mode, and

subsequently transitioning back to the rotational drilling mode. It may further allow

sculpting or shaping of the blade profile of the bit to allow optimization of DOC and/or

blade rubbing when mounted upon a bent motor.

[0034] Whilst in the description hereinbefore the secondary cutters are selected and

positioned to avoid or reduce blade rubbing issues, the choice of cutter size, type,

position, etc, may alternatively or additionally be made to allow improvements in the

wear characteristics of the bit by spreading the drilling loads more uniformly, and/or to

achieve enhancements in the depth of cut and/or rate of penetration.

[0035] Although described in terms of rows of cutters, it will be appreciated that other

configurations are possible without departing from the scope of the invention.



[0036] The foregoing outlines features of several embodiments so that those skilled in

the art may better understand the aspects of the present disclosure. Those skilled in

the art should appreciate that they may readily use the present disclosure as a basis

for designing or modifying other processes and structures for carrying out the same

purposes and/or achieving the same advantages of the embodiments introduced

herein. Those skilled in the art should also realize that such equivalent constructions

do not depart from the spirit and scope of the present disclosure, and that they may

make various changes, substitutions and alterations herein without departing from the

spirit and scope of the present disclosure.



CLAIMS:

1. A method of designing a bottom hole assembly, comprising:

selecting a configuration of primary cutters for achieving suitable performance

of the drill bit in concentric drilling cases;

estimating a bottom hole pattern generated by the primary cutters in eccentric

drilling cases; and

selecting a configuration of secondary cutters based on the bottom hole pattern.

2 . The method of claim 1 wherein the bottom hole assembly includes a bent motor and

a stabilizer provided on the motor housing, and wherein the bottom hole pattern in an

eccentric drilling mode is parameterized by at least one parameter from the group

consisting of a bent angle of the motor, a position of the stabilizer, a diameter of the

stabilizers, and a distance between the drill bit and the centralizer.

3 . The method of claim 1 wherein selecting the configuration of secondary cutters

comprises identifying a zone of blade rubbing on the bottom hole pattern and adding at

least one secondary cutter to alleviate blade rubbing.

4 . The method of claim 1 wherein selecting the configuration of secondary cutters

comprises providing secondary cutters on a blade of a drill bit where primary cutters

are provided.

5 . The method of claim 1 wherein the selected configuration of primary cutters

comprises a row of cutters on a blade of a drill bit.



6 . A bottom hole assembly comprising a bent motor and a drill bit, wherein the bottom

hole assembly is designed according to any of the preceding claims.
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