
EP 0 384 734 B1 Description The present invention relates to subterranean
drill bits used to create boreholes and to methods of making such drill
bits. 5      In the exploration and production of hydrocarbons, a rotating
drill bit is used to create a borehole through the earth's subsurface
formations. The users of the drill bits and the drill bit manufacturers
have found that by controlling more precisely the weight-on-bit (WOB) and
increasing the rotation speed (RPM) that increased penetration rates can be
achieved. However, as the RPM Is increased, the drill bit effective life
has decreased dramatically because the cutting elements on the drill bit
become cracked and occasionally are violently torn lo  from the bit body.
Numerous studies have been made to find out what causes such destruction to
the cutting elements. The inventors hereof have previously found that a
substantial imbalance forces that cause the drill bit to rotate about a
center offset from the geometric center of the bit body in such a way that
the drill bit tends to backwards whirl aboutthe borehole. This whirling
causes the centerof rotation tochange dynamicallyas the drill bit rotates
15  about the borehole. Thus, the cutters travel faster, side-ways and
backwards and are subjected to greatly in- creased impact loads, thereby
destroying the cutters (see US-A-4 753 305). More specifically,
circumferential drilling imbalance forces exist to some degree on every
drill bit and these forces tend to push the drill bit towards the side of
the borehole. If the drill bit has a normal cutting structure, the gauge
cutters are designed to cut the edge of the borehole. During the cutting
process, the effective friction 20  between the cutters near the gauge area
increase and, thus, the Instantaneous center of rotation becomes some point
other than the geometric center of the drill bit. When this happens, the
usual result is for the drill bit to begin to backwards whirl around the
borehole. The whirling process regenerates itself because sufficient
friction is always generated between the drill bit gauge area and the
borehole wall - no matter what the orien- tation of the drill bit - from
the centrifugal forces generated by the rapid acceleration of the drill
bit. 25      Various methods and equipment have been proposed to eliminate
or reduce these imbalance forces, in- cluding using dynamically balanced
lower drillstring assemblies and realigning the cutters to reduce the im-
balance forces. In subterranean drill bits which have a cutting element
rotatably mounted to the bit body about an axis in- clined to the borehole
axis, it has been proposed to provide a roller or guide bars on the bit
body for taking up 30  unbalanced forces acting on the bit body and created
by the rotating cutting element. Reference is directed in this regard to
DE-C2-3521 159 and EP-A1-0 072 072. The present invention has been
contemplated to overcome the foregoing deficiencies and meet the needs
described above. Accordingly, the present Invention consists in one aspect
in a subterranean drill bit operable with a rota- 35  tional drive source
for drilling in subterranean earthen materials to create a borehole having
a borehole wall, the drill bit comprising a drill bit body having a shank
portion disposed about a longitudinal bit axis for receiving the rotational
drive source, a gauge portion disposed about the longitudinal bit axis and
extending from the shank portion, and a face portion disposed aboutthe
longitudinal bitaxis and extendingfrom the gauge portion; there being
provided a plurality of cutting elements fixedly disposed on and projecting
from the face portion 40  and gauge portion and spaced from one another,
each cutting element being positioned to rotate in a plane generally
perpendicular to the longitudinal bit axis, characterised in that the
cutting are positioned to create a net radial imbalance force during the
drilling along a net radial imbalance force vector approximately perpen-
dicular to the longitudinal bit axis; in that a substantially continuous
cutter devoid region Is disposed on the face portion and gauge portion
about a plane formed by the longitudinal bit axis and the net radial
imbalance 45  force vector; and in that at least one substantially smooth
bearing zone is disposed in the cutter devoid region about the plane for
contacting the borehole wall during the drilling. Hence the net radial
Imbalance force vector can be of sufficient magnitude to substantially
maintain the bearing zone in contact with the borehole wall dur- ing the
drilling. In another aspect, the present invention consists in a method of
making a subterranean drill bit operable 50  with a rotational drive source
for drilling in subterranean earthen materials to create a borehole having
a bore- hole wall, the drill bit comprising, a drill bit body having a
shank portion disposed about a longitudinal bit axis for receiving the
rotational drive source, a gauge portion disposed about the longitudinal
bit axis and extending from the shank portion, and a face portion disposed
about the longitudinal bit axis and extending from the gauge portion, a
plurality of cutting elements fixedly disposed on and projecting from the
face portion and 55  gauge portion and spaced from one another, each
cutting element being positioned to rotate in a plane gen- erally
perpendicularto the longitudinal to the longitudinal bit axis; the method
being characterised by the steps of disposing the cutting elements to
create a net radial imbalance force during the drilling along a net radial
imbalance force vector approximately perpendicular to the longitudinal bit
axis by generating a model of the 2 



EP 0 384 734 81 geometry of the drill bit body and cutting elements,
calculating the net radial Imbalance force under defined drilling
parameters; using the net radial imbalance force and model to calculate
changes in the position of at least one cutting element which when the
cutting element is mounted on the face portion would create a net 5
imbalance force along a net radial Imbalance force vector and mounting the
cutters on the face.portion in the positions so calculated; disposing a
substantiallycontinuous cutterdevoid region on the face portion and gauge
portion about a plane formed by the longitudinal bit axis and the net
radial imbalance force vector; and dis- posing at least one substantially
smooth wear-resistant sliding surface in the cutter devoid region on the
gauge portion about the plane for slidably contacting the borehole wall
during the drilling, the net radial imbalance 10  force vector being of
sufficient magnitude to substantially maintain the sliding surface in
contact with the bore- hole wall during the drilling. The invention will
now be described by way of example with reference to the accompanying
drawings, in which:- FIGURE 1 is a perspective view of a drill bit
embodying the present invention. 15      FIGURES 2A, 2B and 2C show a
perspective view of a portion of a bearing zone on a drill bit with
different embodiments of wear surfaces thereon. FIGURES 3A and 3B show a
bottom view of a drill bit and the resulting forces at time t (Fig. 3A) and
time t+[err] (Figure 3B). FIGURE 4 is a perspective view of a coordinate
measuring machine and a drill bit. 20      FIGURE 5 is a view of an unworn
PDC cutting surface. FIGURE 6 is a view similar to Figure 5 showing a worn
PDC cutting surface. FIGURE 7 is a plan view of the drill bit with a
selected cutter not yet installed. FIGURE 8 is a flow chart illustrating
the preferred mode of implementing the method of the instant inven- tion.
25      FIGURE 9 is a schematic diagram of a PDC cutting surface showing
the side rake angle. FIGURE 10 is a schematic diagram of a PDC cutting
surface showing the back rake angle. FIGURE 11 is a plot of the drill bit
cutter surfaces of a drill bit. FIGURE 12 is a side view of a cutter
embedded in a rock formation. FIGURE 13 is a view of a PDC cutting surface
taken along lines 13-13 in Figure 12. 30      FIGURE 14 is a diagram of a
drill bit cutting surface embedded in a rock formation. FIGURE 15 is a
bottom view of a drill bit showing cutters to be removed to define a
bearing zone. FIGURE 16 is a graphical representation versus time of a
torque and vibration output for a drill bit without a bearing zone drilling
through Carthage Limestone FIGURE 17 is a graphical representationversus
timeof a torque and vibration outputforthe drill bitof Figure 35  16
drilling through dolomite material. FIGURE 18 is a graphical representation
versus time of vibrations and torque for the drill bit of Figure 16
drilling through Carthage Limestone at Increased WOB. FIGURE 19 shows a
side view comparison of bottomhole pattern predicted and as actually
measured for a drill bit of Figure 16, but with certain cutters removed to
define a bearing zone. 40      FIGURE 20 is a graphical representation
versus time ofa torque and vibration output of the drill bit of Figure 16
drilling through Carthage Limestone at elevated RPM. Figure 21 is a
graphical representation versus time of a torque and vibration output of
the drill bit of Figure 16, with cutters removed to define a bearing zone,
drilling under the same conditions as that for Figure 20. Figures 22, 23,
and 24 are graphical results of tests of the drill bitof the present
invention and an unmodified 45  drill bit to show improvements in rate of
penetration (ROP). The present invention is an imbalance compensated drill
bit and related methods of making such a drill bit from beginning orfrom an
existing drill bit. The drill bit includes a bit body interconnectable to a
source of rotation that has at least one defined bearing zone on a side
portion thereof and at least one defined cutting zone. A plurality of
cutting elements extend from the at least one cutting zone and are arranged
about a predetermined 50  center of rotation spaced from the geometric
center of the bit body. The cutting elements cause the at least one bearing
zone to be pushed towards the borehole wall. Since the at least one bearing
zone is relatively smooth, it slides along the borehole wall and does not
dig into the subterranean material to create destructive whirling motion.
The methods of designing and thereafter building the drill bit of the
present invention can be briefly sum- 55   marized as follows. An arrayof
spatial coordinates representative ofselected surface points on the drill
bit body and on cutters mounted thereon is created. The array is used to
calculate the position of each cutting surface 



relative to the longitudinal axis of the bit body and a vertical reference
plane which contains the longitudinal axis of the bit body is established.
Coordinates defining each cutter surface are rotated about the longitudinal
axis of the bit body and projected onto the reference plan thereby defining
a projected cutting surface profile. 3    EP 0 384 734 B1 In manufacturing
the drill bit, a preselected number of or all of the cutters are mounted on
the bit body. Amodel of the geometry of the bit body Is generated as above
described. Thereafter, the imbalance force which would occur in the bit
body (under defined drilling parameters) is calculated. The imbalance force
and model are used 5   to calculate the position of an additional cutter or
cutters which when mounted on the bit in the calculated pos- ition would
cause the imbalance force to be directed towards the at least one defined
bearing zone on the bit body. Cutters are then mounted in the position or
positions so calculated. Also, the drill bit can have an imbal- ance force
designed from inception so that when the cutters are placed on the bit body
the drill bit has the desired imbalance force. In the case of modifying an
existing drill bit, a cutter or cutters are removed from pos- 10  itions so
calculated to define at least one bearing zone which has the Imbalance
forces directed theretowards. The following discussion will be divided into
three parts: the drill bit itself, the methods of making the drill bit, and
drilling test results. As shown in Figure 1, a drill bit 10 Includes a
generally cylindrical body 12 and can be Stratapac, PDC, diamond matrix,
roller cone orothersimilar type bit design and configuration. In the
embodiment shown in Fig- 16  ure 1, the body 12 includes a threaded pin
shank 14 for interconnection with a source of rotation, such as a down-hole
motor, or rotating drillstring, as Is well known. In one embodiment, a
plurality of cutting blade mem- bers 16 extend from the body 12 and include
a plurality of cutting elements 18 mounted thereon in any con- ventional
manner. The blades 16 and cutters 18 define at least one cutting zone of
the bit body 12. At least one relatively smooth, hardened pad area 20 is
provided on, and can extend from, the bit body 12 towards 20  which the net
imbalance forces are directed. The pad area 20 can, as shown in Figures 2A,
2B and 2C, include a wear coating 22, a plurality of diamond stud inserts
24 or thin diamond pads 26. Further, the pad area 20 Is preferably of
sufficient surface area so that as the pad area 20 is forced against the
borehole wall, the applied force per square inch will be much less than the
compressive strength of the subsurface material. This pre- ferable
requirement is to keep the pad area 20 from digging into and crushing the
borehole wall, which would 25  result in the creation of the undesired
whirling motion. The pad area 20 defining a bearing zone can be two or more
pad areas equally spaced about the center line of the side forces. One such
embodiment would comprise two relatively smooth sections protruding
slightly from the bit body 12 on either side and equally spaced from the
side force center line. The pad area 20 defining a bearing zone can
comprise cutters of a different size, configuration, depth of cut, and/or
rake angle than the 30  cutters in the cutting zone. These different
cutters would generate less cutting forces than the cutters in the cutting
zone so the different cutters could still be considered relativelysmooth as
compared to the cutting zone. Another alternate embodiment would Include
one or more cylindrical rollers or caged ball bearings extending a rolling
surface out from the bit body 12 to permit the bearing zone to more easily
roll across the borehole wall. 35      The bearing zone can extend overas
long oras small an area of the bitbody as desired, with the constraints
being having sufficient cutters and cutter arrangement in the cutting zone
for efficient cutting of material. Fur- ther, the bearing zone can extend
across the side portion of the bit body and downwardly onto a rounded face
portion of the bit body if desired. The bit body 12 can include a smaller
diameter cutting zone, usually referred to as "pilot section, that ex- 40
tends coaxially out from a larger diameter cutting zone. One or more
bearing zones or pad areas 20 can be located on the smaller, larger or both
cutting zones. Preferably, the pad area 20 would be adjacent the smaller
diameter cutting zone because the pad area 20 will be close to the center
of the bit body 12 as possible which can reduce the torque that tends to
cause the drill bit to roll onto the cutting zone and thus whirl. In
operation, the pad area 20 prevents the whirling motion from starting in
the following manner. As shown 45  in Figure 3A, a drill bit body 12 is
shown rotating within a borehole 28. The plurality of cutters 18 spaced
about the drill bit body 12 create an imbalance force that is directed
towards one area of the bit where cutters have been removed from and/or
replaced with a relatively smooth bearing zone. As shown In Figure 3B, the
bit body 12 has been rotated to a new position at a time t+[err]. Because
of the pad area 20, there is a greatly reduced number or no means for the
bit body 12 to dig into the borehole wall 28 to create the whirling motion,
because 50  the pad area 20 slips or slides along the borehole wall without
creating sufficient force to affect the center of rotation of the drill
bit. Note the resulting force arrows originate at the same point, i.e., the
center of rotation, not the geometric center of the drill bit. Thus, the
center of rotation of the drill bit is between the center of the 



borehole and the bearing zone. The use of the pad area 20 has the advantage
of being relatively insensitive to bit wear, formation inho- 55
mogeneities and operating conditions. The imbalance force generated by the
cutters change with wear, for- mation and operating conditions; however,
the direction of the imbalance force does not significantly vary. Thus,
this type of arrangement can be made to work to prevent bit whirl on most
all configurations of drill bits. The drill bit can be designed to have a
greater mass on its side adjacent the pad 20 so that centrifugal forces
push on the pad area 20, even if the drill bit rotates about its center
axis. Another advantage is that if 4    EP 0 384 734B1 the drill bit does
drill an overgauge hole (a hole larger in diameter than the outside
diameter of the drill bit itself), the centrifugal force generated by the
rotating imbalanced mass will act as a stabilizing force. Any perturba-
tions, such as formation inhomogeneities, that may tend to counteract the
imbalance force holding the pad 5   area 20 on the borehole wall will be
resisted by the centrifugal force generated during the normal drilling op-
eration. The method of this invention uses a geometric model of the cutting
surfaces on a drill bit to calculate the forces acting on each of the
cutting surfaces. In one aspect of the invention, a model is used to build
a drill bit. In so doing, a major portion of the cutters are installed on
the drill bit, a geometrical model of the bit is 10  generated and the
forces acting on each of the cutters for given drilling conditions are
calculated. Thereafter, exact positions for the remaining cutters to be
installed are calculated with the calculated position minimizing the radial
component of the forces acting on the cutters. The remaining cutters are
then installed in the cal- culated position. Turning now to Figure 4,
indicated generally at 64 is a commercially-available coordinate measuring
ma- 15  chine shown adjacent bit 40. The coordinate measuring machine
includes a pointer 66 fixedly mounted on a slidable arm 68. The lower end
of pointer 66 Is formed Into a point which is fixed relative to arm 68. Arm
68 is mounted on a laterally slidable frame 70. Frame 70 includes parallel
rods 71, 73 along the axis of which frame 70 may slide. A meter 72
indicates the lateral position of frame 70 relative to an upright base 74.
20      Frame 70 is also vertically moveable along parallel rods 76,78 with
the height of the frame being indicated by a meter 80. Parallel rods 82, 84
are mounted on a lower fixed base portion 86. Rods 82, 84 support upright
base 74 for sliding movement along the axis of rods 82, 84. A meter (not
visible) indicates the relative position of base 74 on rods 82, 84. Rods
82, 84 are oriented in space perpendicular to rods 76, 78 and to rods 71,
73. Likewise, 25  rods 76, 78 and rods 71, 73 are each perpendicular to
each of the other two sets of rods. The readings on the meters indicate the
relative positions of the rods used to define a point in space oc- cupied
by the pointed end of pointer 66. The position of the point on the pointer
can thus be referenced to a three-dimensional coordinate system defined by
X, Y and Z axes with each meter representing a relative pos- Ition along
one of the axes. A digital meter 88 provides a read-out of the X, Y and Z
coordinates of the point 30  on pointer 66 and also provides such
coordinates, upon operator command, to the memory of a commercially
available computer (not shown). Drill bit 40 is mounted on a rotary
turntable 90, the angular position of which is controlled by handle 92. An
angular scale, not visible, shows the angular position of the turntable and
thus of drill bit 40 which is sup- ported thereon with Its axis aligned
with the turntable axis. 35     In the Instant mode of implementing the
method of the invention, pointer 66 is positioned on a plurality of points
on the surface of the drill bit and the coordinates of each particular
point are stored in the computer. From this data, a computer model of the
drill bit is constructed. In making the measurements, a first set of
measurements is made around the side of the bit so that the computer has
data from which the longitudinal axis of the bit can be determined. A
second set of measurements on the perimeter of each cutterface is made. 40
In making the measurements, the angular position of rotary table 90 is
noted and is associated with the three values which are produced by
measuring machine 64 for all measurements taken at that particular angle of
the rotary table. This enables all measurements to be taken substantially
normal to each measurement point and increases the accuracy of the
measurement process. After the bit is rotated [err] and several points are
measured about the circumference thereof and record- 45  ed, each cutter
face on the cutters is measured. For a description of the manner In which
these measurements are made attention is directed to Figures 5 and 6. Each
cutterface includes a vertical axis 94 which is substantially parallel to
the cutter face and extends from the uppermost portion thereof to the
lowermost portion. Also included Is a horizontal axis 96 which ex- 



tends from the leftmost to the rightmost portions of the cutter face and is
parallel thereto. In making the meas- 50  urements with the coordinate
measuring machine, the point on pointer 66 in Figure 4 is first positioned
at the intersection of axis 94 with the perlmeter of cutter face 62, such
defining a first measurement point98.A second measurement point 100 Is
located at the intersection of axis 94 with the lower edge of cutter face
62. A third measurement point 102 is at the left side intersection of axis
96 with the outer perimeter of cutting face 62 while a fourth measurement
point 104 is at the right side Intersection of axis 96 with the perimeter
of cutting 55  surface 62. The numbers and arrows shown in the central
portion of cutting face 62 in Figures 5 and 6 indicate the order in which
the first four measurements on each cutting face on the drill bit are
taken: along the cutting face vertical axisfirstand thereafteralong the
cutting face horizontal axis. When the pointon pointer66 is positioned
first at point 98, the coordinates and angular position of the turntable
are provided to the computer and likewise 5    EP 0 384 734 B1 for each of
the other four measuring points. Figure 6 is a view of cutting surface 62
after the bit has been used to drill a bore and thus includes a wear flat
105 on one side thereof developed as a result of the cutter being urged
against the rock formation during 5   drilling. When such irregularities
occur on the perimeter of the cutting surface as in the case of Figure 6,
fifth and sixth measurement points 106 and 108 are taken in order to
completely define the perimeter of the cutting face. As each measurement is
put into the computer, it is associated with a number which indicates the
order in which the measurement was taken. In Figure 5, the measurements at
points 98, 100, 102 and 104 are num- 10  bered 1, 2, 3,4, respectively, and
In Figure 6, the measurements are similarly numbered with measurements at
points 106 and 108 being additionally numbered 5 and 6, respectively. Each
cutting face is measured at a single angle on the turntable which is also
recorded. In addition to the foregoing, a value is recorded to indicate the
general shape of the edge of the cutting face between adjacent
measurements. If the shape is generally a straight line, a zero is recorded
and if the shape is generally a circular arc, a one is recorded. Thus, a
number 15  is provided to the computer memory to indicate the general
shapes between each of the adjacent measuring points in Figure 5. In Figure
6, a number value of one is recorded between the first and fourth
measurements, between the fourth and second measurements, between the
second and third measurements, between the third and fifth measurements,
and between the sixth and first measurements while a zero is recorded
between the fifth and 20  sixth measurements to indicate the substantially
straight line edge formed by worn portion 105. Thus, each of the recorded
measurement points defines the perimeter of a cutting surface having a
fixed angular orien- tation relative to the longitudinal axis of the drill
bit. In addition, the connectivity between each adjacent point is stored in
the computer memory. The connectivity is simply an indication of the shape
of the cutting face perimeter between adjacent measurements. As will later
become more fully apparent, the connectivity value 25  between
adjacentmeasurements is used to Interpolate additional coordinates using
circular interpolation, when the connectivity Is one, and linear
interpolation, when the connectivity is zero. Turning now to Figure 7,
drill bit 40 Is shown partway through the process of manufacture. As can be
seen, cutters are all mounted on drill bit body 41, except for cutter 8. A
bore 114 is formed in body 41 to receive the stud of cutter 8. Each of the
other cutters has its stud press fitted into an associated bore in the
drill bit body. 30  Prior to mounting cutter 8 on the drill bit body, the
dimensions of the drill bit body around the circumference thereof and the
cutting faces of each of the cutters which are installed on the drill bit
body are recorded and entered into a computer memory as previously
described. Thus, the computer has data relating to the circum- ference of
the drill bit body (from which the bit axis designated by axis 42, can be
determined) and the position of each cutter face (except, of course for
cutter 8 which is not yet installed) in space relative to the bit axis. 35
Turning now to Figure 8, included therein is a flow chart of a computer
program for use in connection with manufacturing a drill bit. Although the
entire flow chart deals with the manufacture of the drill bit, a
significant portion of the computer program relates only to generating a
model of a drill bit As will later become more fully apparent, that portion
of the program relating to modeling the bit begins at box 110 with the step
of "Locate Bit Center and concludes with box 112, "Write: Measured and
Interpolated Coordinates in Two-Dimensional 40  Array." To initiate the
program, data is provided relating to the strength of the rock in which the
bit Is to be used, the rate of revolution of the bit and the rate of
penetration, i.e., the rate at which the hole is bored. Also, the bit body
coordinates (those taken about the circumference of the drill bit body) are
read from the computer memory. 



45      Thereafter, the bit body coordinates are used to locate axis 42 by
means of a least squares regression. A subroutine to accomplish this task
can be written by a person having ordinary skill in the art. As will be
recalled, each of the three coordinates for each point measured on the bit
body are referenced to the coordinate measuring machine rather than to the
longitudinal axis of the drill bit body. After the longi- tudinal axis of
the drill bit body is located in the coordinate system in which the
measurements were taken, 50  the coordinate system can be translated to set
the vertical or Z axis to align with the bit center. Next, the data file
for a particular cutter number and the rotary angle at which that data was
generated is read from the com- puter memory. Thereafter, each measurement
number, for example, one of a series of sequential numbers identifying the
order In which the measurements were taken, is read with the coordinates
associated with that particular measurement number. Then, the connectivity
between adjacent measurements is read which, as 55   will be recalled,
definesthe general shape, either straightline orgenerally circulararc,
between adjacent meas- urements. Next, the side rake of each cutterface is
calculated. The side rake is defined relative to a vertical reference plane
which contains axes 44, 46. The plane passes through the center of the
drill bit body and divides it into equal halves. Coordinates which define
the horizontal cutting face axis for a particular cutter, such being meas-
6    EP 0 384 734 B1 urement points 102, 104 in Figure 5, are rotated about
the circumference of the drill bit center along the path the coordinates
would travel during actual drill bit rotation. When the center point of the
cutter face intersects the vertical reference plane, the angle between axis
96, the horizontal axis, and the vertical reference plane 5   defines the
side rake. It can be seen that the coordinates located at the center point
of each cutter surface can be easily calculated since the same is defined
by the intersection of axes 94, 96, the position of which are known. In a
similar fashion, back rake is defined as the angle between reference plane
118 and vertical axis 94 after the coordinates defining the horizontal and
vertical axes are rotated until the Intersection thereof inter- 10    sects
the reference plane. In other words, to calculate both side rake and back
rake, the coordinates defining the cutter face are first rotated until the
intersection of axes 94, 96 is received in the vertical reference plane.
Thereafter, the angles between horizontal axis 96 and the reference plane
(side rake) and vertical axis 94 and the reference plane (back rake) are
measured. It is to be appreciated that a subroutine capable of rotating the
coordinates and measuring angles as above described could be easily written
by a person having ordinary skill 15  In the art. By way of example, Figure
9 is a top view of the drill bit body showing a vertical reference plane
116 which contains axes 42,46. A cutter surface 62, representative of one
of the cutter surfaces on drill bit 40, has been rotated until the center
thereof intersects plane 116 as shown. It can be seen that since surface 62
is parallel to the longitudinal axis 42 of the drill bit body, there is
zero degrees back rake. Thus, the angle shown in Figure 20   9 is the side
rake. Figure 10 is a view of a cutter surface from the side of the drill
bit Cutter surface 62 has been rotated until the center of the same
intersects plane 116. Surface 62 in Figure 10 has zero degrees side rake
since the surface is parallel with axis 42 and the angle shown in back
rake. It is to be appreciated that in most cases, cutter surfaces Include
both slight amounts of back rake and 25  side rake. The views of Figures 9
and 10 are for the purposes of illustrating the manner in which back rake
and side rake are measured. Turning again to the flow chart of Figure 8,
after calculation of side and back rakes for a particular cutter surface,
the program selects a measurement point on the circumference of the cutter
surface and checks the connectivity between that point and the next
clockwise measurement point If the connectivity is zero, a linear 30
interpolation is run between the adjacent coordinates to establish a series
of coordinates along a straight line between the adjacent measured points.
The program continues to the next clockwise measuring point, checks the
connectivity between the adjacent points and if equal to 1, generates a
series of coordinates by circular arc interpolation between the adjacent
points. The program continues in a clockwise fashion about the cutter
surface until a plurality of coordinates are produced by interpolation
between adjacent measuring points which 36  define the perimeter of the
cutter surface. A loop 118 continues until coordinates have been
interpolated be- tween all measuring points thus defining the cutter face
perimeter. Next, the program projects both the meas- ured and interpolated
coordinates Into reference plane 116. Thus, each coordinate in the
projected cutter face profile can be designated by two numerals and the
measured and interpolated coordinates which define the perimeter of the
cutter face are stored in a two-dimensional array. By way of example,
attention Is directed to 40   Figure 11 which is a plot of each of the
cutter faces on drill bit 40 in Figure 7 projected into reference plane 



116. With the vertical axis corresponding to the drill bit body axis 42,
each coordinate in the perimeter of a cutter face profile can be designated
by a distance along a radial axis and a distance above the radial axis. For
example, on the horizontal axis, zero is at the center of the bit body and
4.25 inches is at the circumference of the bit body since drill bit 40 In
this example is an 8.5 inch bit 45      The profile in Figure 11 includes
an upper profile, designated "all cutters" which is how each of the cutter
surfaces appears projected onto the reference plane. In order to more
clearly identify the cutter surfaces in each of the three spirals, a
projection onto the reference plane for each spiral is shown beneath the
projection for all cutters. It can be seen In spiral number 1 that there is
no profile for cutter 8 since the same has not yet been installed. 50
Returning attention again to the Flow Chart of Figure 8, after each of the
cutter faces in cutters 1-7 and 9-36 have been represented in
atwo-dimensional arrayasdescribed above, the program proceedsto box 119 and
the step of calculating the forces acting on each cutter is undertaken.
Considering now Figures 12 and 13, generally speaking the forces acting on
an individual one of the cutters on the drill bit can be defined as a
normal or penetrating force, such being designated [err] in Figures 12 and
13, and a cutting force such being 55   [err] in Figure 12. The normal
force is the force required to cause the cutter to penetrate into the rock
and is given by the formula: [ERR] In the above formula, alpha is the angle
of the cutter from the X axis, in Figure 7, which serves as an ar- 7    EP
0 384 734 B1 bitrary reference axis which is parallel to axis 48 and, like
axis 46, is contained in plane 116. EBR is the effective back rake which is
a function of the real back rake and real side rake, both of which were
discussed previously, and the angle at which [err] acts. 5      Referring
to Figure 14, cutting surface 62 is schematically illustrated embedded in a
rock formation 120. Although not shown In Figure 14, most of the other
cutting surfaces on the drill bit body are embedded to one extent or
another in formation 120. The effective back rake (EBR) may be thought of
as the angle between cutting face 62 of the cutter and a cutting plane 122.
Cutting plane 122 is parallel to an axis formed between points 124 and 126
on the cutting face and is perpendicular to [err]. Points 124 and 126 are
the points at which 10  the surface of formation 120 intersects cutting
face 62. In other words, the shaded area on face 62 defines the
cross-section of the cut in formation 120 being made by cutting face 62.
Plane 122 is further oriented in that a perpendicular axis 128 to plane 122
passes through the longitudinal axis of the bore being drilled. Of course,
when there is no wobble of the drill bit during drilling, the longitudinal
axis of the bore and the drill bit are coincident. 15     In summary, the
effective back rake is the angle between cutting face 62 and cutting plane
122 as shown in Figure 14. The effective back rake can be computed when the
real side and back rakes are known, which will be recalled, were calculated
by the program and when the position of cutting plane 122 is known. The
pos- ition of cutting plane 122 is dependent upon the depth of the cut
which, in turn, is dependent upon the rate of penetration and bit
revolution. As will be recalled, these values are input to the program as
preselected para- 20   meters Indicative of the drilling conditions under
which the bit will be used. [err] Is the bit factor, a variable which
ranges between about 0.75 and about 1.22 and which in the instant mode of
implementing the invention is selected to account for slight differences
between simulations on the computer model of bit wear for a given drill bit
and real drill bit wear occurring under actual conditions. The bit factor,
[err], accounts for unexplained effects for a particular bit. Avalue of
this factor greater than 1.0 indicates 25  thatthe bit drillsslowerthan
expected and avalue less than 1.0 indicates that the bit drillsfasterthan
expected. A person having ordinary skill in the art can empirically
determine the value of Bf for a selected drill bit. The width of cut made
by the cutter is designated [err]. In the instant mode of implementing the
invention, the computer model generates a grid of parallel vertical lines
across each cutter face and [err] is equal to the width between adjacent
lines. The equation is then calculated for each grid to generate a total
force for the 30  cutter. The effective depth of cut is designated [err]
and [err] is a dimensionless constant, which In the instant manner of
implementing the invention is equal to 1,100. The manner in which [err] is
determined will be shortlydescribed, and [err] can vary slightly from the
actual depth of cut. The manner of selecting the value of [err] is known to
persons having ordinary skill in the art. 35      Considering now the
second term of the equation for F, [err] is the wear flat area, RS is again
a constant related to the strength of the rock formation and [err] is a
constant equal to 2,150. The first component in the equation for [err] is
equal to the amount of downward force required to prevent 



the cutter face from riding up out of the cut for a selected cutting depth
and width. The second component of the equation for F/n includes a factor
for a dull cutter which has a wear flat of area [err] formed thereon. This
40  portion of the normal force is that required to compress the rock
beneath a dull cutter to enable it to penetrate the rock. [err] and [err]
can be empirically determined by first using a new bit thus setting [err]
to zero and therefore causing the entire second term to go to zero. A known
normal force can be applied and with each of the other factors known, [err]
can be determined. Thereafter, the value of [err], 1,100 in the instant
mode of implementing the invention, is inserted into the equation and the
bit is used until wearflats appear. Thereafter, wearflat area 45  is
measured and inserted into the equation which is then solved for C2, which
in the instant mode of imple- menting the Invention equals 2150. The
circumferential cutter force, [err] in Figure 12, is that required to
advance the cutter along the cut after the normal force embeds the same in
the formation. An arrow depicting the orientation of [err] is also shown in
Figure 7. The circumferential cutter force is dependent upon the sliding
friction between the cutter and rock 50  and the force required to fracture
the rock. The following equation can be used to calculate the
circumferential cutter force: [ERR] The first term of the circumferential
cutter force equation is the cutting force, i.e., that required to fracture
55  the rock, and the second term is the nonproductive friction carried on
a cutter wear flat. The variables in the equation are as described above
and, in addition, [err] is the mean depth of cut. In the instant mode of
imple- menting the invention, the dimensionless constant [err] and [err]
are equal to 3,000 and 0.3, respectively. [err] and [err] can be determined
empirically by drilling with two known circumferential forces applied to
the drill bit, inserting all the known variables into the circumferential
cutting force equation at each value of cir- 8    EP 0 384 734 B1
cumferential force and solving both equations for [err] and [err]. In the
example under consideration, i.e., drill bit40 in Figure 7, the value of
the circumferential and normal forces, as illustrated in Figure 12, at each
cutter is calculated. As noted above, the depth of cut is a function 5   of
the rate of penetration and the bit rotation rate which are both provided
to the computer as preselected val- ues. Since the cutters on the drill bit
can cut on a surface that is inclined to the vertical by an angle beta,
illu- strated in Figure 14, the normal force can be resolved into a
vertical and radial component and the circumfer- ential force can be
resolved into radial components, and a moment about the bit center. The
radial component of the normal force, Identified as Fr Figure 14, is equal
to  [err]. 10      The components of the normal force and the
circumferential force which act on the bit in the plane normal to the bit
rotational axis can be resolved into a single force acting on the bit
center and a single couple, both lying In the normal plane. The couple is
the torque required to rotate the bit and the force is the imbalance force,
i.e., that force which tends to push the bit against the side of the bore.
It is helpful in computing the magnitude and direction of the imbalance
force to resolve the cutter forces 15  into components along the X and Y
directions as referenced in Figure 7. As mentioned, these axes are
arbitrarily chosen but are fixed relative to any particular identifying
feature on the bit. The vertical penetrating force, [err] has no component
in these directions. The radial penetrating force (Fr) of the normal force
[err] can be resolved into components along the X and Y axes by the
following equations: [ERR] Since the circumferential force acts at right
angles to the radial force for each cutter, it can be resolved Into
components in the X and Y directions with the following equations: [ERR] 25
It is to be appreciated that at each cutter, there is no radial component
of [err] however, when the value of [err] at each cutter is resolved into
components along the X and Y axes in Figure 7 with those vectors being sum-
med, there can be a total radial component of the circumferential force.
The total X and Y components of the imbalance force is then obtained by
summing the components from the individual cutters as follows: [ERR] After
such summing, the magnitude of the radial imbalance force is given by:
[err] Returningagaintotheflow chartofFigure8, it can beseenthatthe step
identified in box 130 is performed by resolving the cutter forces in a
plane perpendicular to the drill bit axis into a single imbalance force as
de- scribed above. In a similar manner, a moment that tends to tilt the
drill bit in a plane parallel to the central axis is calculated. The final
step in the flow chart is Identified as Calculate Position of Cutters." In
the example under con- 



sideration, there Is only one cutter, cutter 8, remaining to be mounted on
the drill bit body. An iterative process can be used to calculate the
position for cutter 8 which directs the imbalance force towards the bearing
zone. 40   First, it can be seen that the cutter can be radially positioned
aboutthe longitudinal axis of the cutterstud within bore 114, and further
can be installed at depths which vary from completely seated, i.e., with
the stud being received abutted against the lower end of bore 114, to some
position thereabove. Initially, an arbitrary back and side rake and
vertical position of the cutting face, within preselected ranges, is
assigned to cutter 8 and the program to model the drill bit and calculate
cutting forces is rerun with cutter 8 in the assigned position. The program
is repeatedly rerun with the face of cutter 8 being repositioned in a
direction which tends to in- crease and properly direct the imbalance
force. The program ultimately produces a set of coordinates which identify
a position forthe cutting face of cutter 8. Thereafter, cutter 8 is
installed with care being taken to position the cutting face thereof in the
calculated position. The following Table I provides an output generated
after placement of cutter 8. Calculated values include the volume of cut
(volume removed in one revolution) and velocity of each cutter. The given
rotary speed and penetration rate are shown belowthe table. Wearflatarea is
calculated In a known mannerfor 5.0 hoursdrilling. Percent imbalance is the
imbalance force expressed as a percentage of weight-on-bit, which is the
total of [err] for each cutter. 55      Note: Equations have been changed
to vector notation. 9    EP 0 384 734 B1 Osman's equation
Amoco equation 5 [ERR] 10   where: [err] = resultant force vector on the
pad 15     [err] =  cutting force vector on blade i [err] = thrust force
vector on blade i [err] = inclination of the cutting surface n =   number
of blades 20   Using an example bit profile shown in the attached drawing,
the Osman, etal. force equations and the disclosed force equations of
Applicants were used to design two drill bits. As shown in the attached
computer outputs, Osman, et al. uses only two force components while
Applicants use four force components, thereby resulting in drill bits with
bearing zones located about [err] apart. It should be appreciated that the
method is not restricted to simply positioning a cutter within a predrilled
25  bore. The program can be used to select the position for the bores In
the drill bit body of one or more cutters after a preselected number of
cutters are Installed and the program run to determine the imbalance force.
An iterative process similar to that described above can be used to
position two or more remaining cutters either within predrilled bores, as
in the example under consideration, or the program can be used to determine
the position of bores to be drilled. 30      Moreover, the program is not
necessarily limited to cutters of the type having studs extending therefrom
which are received in bores In a drill bit body. The same program can be
used to position cutters which are directly affixed to a drill bit body by
brazing or other known techniques. It can be seen that program permits
manufacture of the drill bit with the Initial set of cutters being
installed with relatively gross manufacturing tolerances as to the position
of the cutter faces. Thereafter, when the pos- 35   ition of the balancing
cutter or cutters Is determined, which properly directs the imbalance
force, great care can be taken to so position the final cutters in order to
obtain the desired result. Thus, the method of the in- vention enables
Installation of the great majority of cutters under relatively gross
tolerances thus saving time and money in the manufacturing process. In
addition, the program generates a location for the final cutter or cutters
which consistently properly directs the imbalance force in the drill bit so
manufactured. Average quality 40  of bits so manufactured is therefore
greatly increased over the average quality of bits manufactured in accor-
dance with prior art methods. Further, the present invention can easily be
used to modify an existing drill bit to include the defined bear- ing zone
in a proper location. This modification can be accomplished by determining
the direction of the im- balance force, as described above, and then
elimination cutters on an area where the imbalance force is di- 45  rected
towards. The removed cutters can be replaced with a built-up pad, a
plurality of studs or pads. Anumber of such Iterative steps may need to be
taken to ensure that the quantity of imbalance force is acceptable and
directed in the proper location. Such iterative steps can include
replacement, removal and rearranging of cut- 



ters to achieve the desired results. A commercially-available PDC drill bit
was selected because it has a very imbalanced design and drills 50  poorly.
To ensure that this poor performance was not representative, three
different drill bits of the same man- ufacturer, model and size were tested
and all performed similarly. The primary cause of the poor performance is
due to bit whirl, which causes the drill bit to drill a lobed bottom hole
pattern. In order to test the present invention, one of the selected PDC
drill bits was modified to incorporate a low friction bearing zone. This
re- sulted in a drill bit that was adequate to test the low friction gauge
concept, but was not an optimized design. 55      Figure 15 shows the drill
bit's cutter layout and the calculated direction of the about 2100 lb
imbalance force is Indicated. The magnitude and direction of this imbalance
force was calculated with the PDC drill bit model computer program,
described fully above. To define the bearing zone, cutters were removed as
Indicated on the side of the bit to provide a relatively smooth sliding
surface, rather than a cutting surface. Even though 10    EP 0 384 734 B1
the bearing zone is referred to as low friction, the particular geometry of
this drill bit still provided fairly high friction. It is first beneficial
to review the performance of the PDC drill bit before the cutters were
removed in order 5   to evaluate the benefit of removing the cutters. The
bottom hole patterns showed whirling. Figures 16 and 17 show typical plots
of the vibrations that occurred with the drill bit at 120 RPM and drilling
through Carthage Limestone and Dolomite. Figure 18 even shows that the PDC
drill bit whirled at 1800 lb WOB and 120 RPM. After removing the selected
cutters to define a bearing zone located where the Imbalance forces were
di- rected towards, the drill bit was rerun in Carthage Limestone and
Dolomite at conditions identical to the pre- 10  vious tests before
removing cutters. Bottom hole patterns for the Carthage Limestone and
Dolomite tests were extremely smooth. The Carthage Limestone hole was
completely gage and the Dolomite was only 1/16 in. over gauge. Figure 19
shows a comparison of the bottom hole pattern predicted by the computer
program, described fully above, and that measured from the Carthage
Limestone test. The excellent agreement between the pre- diction and the
actual indicated that the drill bit was loaded as predicted by the model
and should provide a 15  very long wear life. The same PDC drill bit was
tested on a turbine drive at high rotational speeds before the cutters were
re- moved. The bottom hole pattern in Carthage Limestone showed very
definite whirling patterns and Figure 20 shows the vibration data recorded
during these tests. Figure 21 shows the much reduced vibration data for the
drill bit after removing the cutters. Further, the borehole was only 1/8
in. over gauge and there was abso- 20  lutely no evidence of whirl
patterns. Rock flour was plowed up by rounded carbide wear buttons placed
where the cutters were removed on the "low friction" surface. More flour
accumulated during the Dolomite test (softer rock) than during the Carth-
age Limestone test. The fact that the rock flourcould only be seen on the
buttons on the area where the cutters were removed further indicates that
the proper location on the bit was selected for cutter removal to provide
25  the low friction bearing zone. Penetration rates obtained with the PDC
drill bit before and after the cutters were removed is not as easy to
quantify because normal performance tests could not be run with the drill
bit in its original condition because of high vibrations. Figure 22 shows a
comparison of the drill bit in Dolomite at 120 RPM before and after the low
friction, bearing zone was formed. The penetration tration rate is about
the same for both conditions, but 30  during the first tests (with no
removed cutters) 23 out of 42 cutters were chipped. These chipped cutters
may have resulted in a reduced ROP on subsequent tests. Figure shows two
tests in Carthage Limestone that in- dicate the ROP may have been slightly
higher before the low friction bearing zone was formed, but the original
tests were conducted before the cutters were chipped in Dolomite. By these
tests, the low friction bearing zone may not have greatly improved the
penetration rate, but it certainly did nothing to hurt it. 35      Figure
24 shows a comparison of the penetration rate obtained at 1050 RPM with the
drill bit after the low friction bearing zone was formed compared to the
performance at 60 RPM before it was formed. Initially the rpm was limited
to 60 RPM because of the high vibrations, but afterthe bitwas modified 1050
RPM could easily be run. In fact the vibrations were lowerat 1 050 RPM than
they were at60 RPM before the drill bitwas modified. The combination of
high ROP and low vibrations obtained with the crudely modified drill bit
demonstrate the 40  potential of the present concept as a means for
providing a very acceptable high speed drill bit that exhibits no
destructive whirling. Whereas the present invention has been described in
relation to the drawings attached hereto, it should be understood that
other and further modifications, apart from those shown or suggested
herein, may be made within the scope of the present invention, as set forth
In the accompanying claims. 



45 Claims 1. A subterranean drill bit operable with a rotational drive
source for drilling in subterranean earthen mate- 50      rials to create a
borehole having a borehole wall, the drill bit (10) comprising a drill bit
body (12) having a shank portion (14) disposed about a longitudinal bit
axis (42) for receiving the rotational drive source, a gauge portion
disposed about the longitudinal bit axis and extending from the shank
portion, and a face portion disposed about the longitudinal bit axis and
extending from the gauge portion; there being pro- vided a plurality of
cutting elements (18) fixedly disposed on and projecting from the face
portion and 55      gauge portion and spaced from one another, each cutting
element being positioned to rotate in a plane generally perpendicular to
the longitudinal bit axis, characterised in that the cutting elements are
posi- tioned to create a net radial imbalance force during the drilling
along a net radial imbalance force vector approximately perpendicular to
the longitudinal bit axis; in that a substantially continuous cutter devoid
region is disposed on the face portion and gauge portion about a plane
formed by the longitudinal bit axis    EP 0 384 734 B1 the bearing zone is
referred to as low friction, the particular geometry of this drill bit
still provided fairly high friction. It is first beneficial to review the
performance of the PDC drill bit before the cutters were removed in order 5
to evaluate the benefit of removing the cutters. The bottom hole patterns
showed whirling. Figures 16 and 17 show typical plots of the vibrations
that occurred with the drill bit at 120 RPM and drilling through Carthage
Limestone and Dolomite. Figure 18 even shows that the PDC drill bit whirled
at 1800 lb WOB and 120 RPM. After removing the selected cutters to define a
bearing zone located where the imbalance forces were di- rected towards,
the drill bit was rerun In Carthage Limestone and Dolomite at conditions
identical to the pre- 10  vious tests before removing cutters. Bottom hole
patterns for the Carthage Limestone and Dolomite tests were extremely
smooth. The Carthage Limestone hole was completely gage and the Dolomite
was only 1/16 in. over gauge. Figure 19 shows a comparison of the bottom
hole pattern predicted bythe computer program, described fully above, and
that measured from the Carthage Limestone test. The excellent agreement
between the pre- diction and the actual indicated that the drill bit was
loaded as predicted by the model and should provide a 15  very long wear
life. The same PDC drill bit was tested on a turbine drive at high
rotational speeds before the cutters were re- moved. The bottom hole
pattern in Carthage Limestone showed very definite whirling patterns and
Figure 20 shows the vibration data recorded during these tests. Figure 21
shows the much reduced vibration data for the drill bit after removing the
cutters. Further, the borehole was only 1/8 in. over gauge and there was
abso- 20  lutely no evidence of whirl patterns. Rock flour was plowed up by
rounded carbide wear buttons placed where the cutters were removed on the
"low friction" surface. More flour accumulated during the Dolomite test
(softer rock) than during the Carth- age Limestone test. The fact that the
rockflourcould only be seen on the buttons on the area where the cutters
were removed further indicates that the proper location on the bit was
selected for cutter removal to provide 25  the low friction bearing zone.
Penetration rates obtained with the PDC drill bit before and after the
cutters were removed is not as easy to quantify because normal performance
tests could not be run with the drill bit in its original condition because
of high vibrations. Figure 22 shows a comparison of the drill bit in
Dolomite at 120 RPM before and after the low friction, bearing zone was
formed. The penetration tration rate is about the same for both conditions,
but 30  during the first tests (with no removed cutters) 23 out of 42
cutters were chipped. These chipped cutters may have resulted in a reduced
ROP on subsequent tests. Figure shows two tests in Carthage Limestone that
in- dicate the ROP may have been slightly higher before the low friction
bearing zone was formed, but the original tests were conducted before the
cutters were chipped in Dolomite. By these tests, the low friction bearing
zone may not have greatly improved the penetration rate, but it certainly
did nothing to hurt it. 35      Figure 24 shows a comparison of the
penetration rate obtained at 1050 RPM with the drill bit after the low
friction bearing zone was formed compared to the performance at 60 RPM
before it was formed. Initially the rpm was limited to 60 RPM because of
the high vibrations, but afterthe bitwas modified 1050 RPM could easily be
run. In factthe vibrationswere lowerat 1050 RPM than theywere at 0 RPM
before the drill bitwas modified. The combination of high ROP and low
vibrations obtained with the crudely modified drill bit demonstrate the 40
potential of the present concept as a means for providing a very acceptable
high speed drill bit that exhibits no destructive whirling. Whereas the
present invention has been described in relation to the drawings attached
hereto, it should be understood that other and further modifications,
apartfrom those shown orsuggested herein, may be made 



within the scope of the present invention, as set forth in the accompanying
claims. 45 Claims 1. A subterranean drill bit operable with a rotational
drive source for drilling in subterranean earthen mate 50      rials to
create a borehole having a borehole wall, the drill bit (10) comprising a
drill bit body (12) having a shank portion (14) disposed about a
longitudinal bit axis (42) for receiving the rotational drive source, a
gauge portion disposed about the longitudinal bit axis and extending from
the shank portion, and a face portion disposed about the longitudinal bit
axis and extending from the gauge portion; there being pro- vided a
plurality of cutting elements (18) fixedly disposed on and projecting from
the face portion and 55      gauge portion and spaced from one another,
each cutting element being positioned to rotate in a plane generally
perpendicular to the longitudinal bit axis, characterised in that the
cutting elements are posi- tioned to create a net radial imbalance force
during the drilling along a net radial imbalance force vector approximately
perpendicular to the longitudinal bit axis; in that a substantially
continuous cutter devoid region is disposed on the face portion and gauge
portion about a plane formed by the longitudinal bit axis 11    EP 0 384
734 B1 and the net radial imbalance force vector; and in that at least one
substantially smooth bearing zone (20) is disposed in the cutter devoid
region about the plane forcontacting the borehole wall during the drilling.
5   2.  A subterranean drill bit according to Claim 1, wherein the net
radial imbalance force Is the sum of the radial components of the normal
force and circumferential force for each cutting element. 3.  A
subterranean drill bit according to Claim 1 or Claim 2, wherein the cutting
elements are polycrystalline diamond compact. 10  4. A subterranean drill
bit according to any one of Claims 1 to 3, wherein the bearing zone (20)
comprises at least one substantially smooth wear-resistant sliding surface
disposed on the gauge portion. 5. A subterranean drill bit according to
Claim 4, wherein the sliding surface comprises wear coating (22). 15  6. A
subterranean drill bit according to Claim 4, wherein the sliding surface
comprises diamond inserts (24). 7. A subterranean drill bit according to
Claim 4, wherein the sliding surface comprises diamond pads (26). 8. A
subterranean drill bit according to any one of Claims 4 to 7, wherein the
sliding surface is of sufficient 20      surface area so that as the
sliding surface is forced against the borehole wall during the drilling,
the ap- plied force will be less than the compressive strength of the
subsurface material forming the borehole wall. 9. A subterranean drill bit
according to Claim 1, wherein the bearing zone (20) comprises at least one
cylin- 25      drical roller disposed on a drill bit body (12) for
permitting the roller to roll across the borehole wall during the drilling.
10. A method of making a subterranean drill bit operable with a rotational
drive source for drilling in subter- ranean earthen materials to create a
borehole having a borehole wall, the drill bit (10) comprising, a drill bit
body (12) having a shank portion (14) disposed about a longitudinal bit
axis (42) for receiving the ro- tational drive source, a gauge portion
disposed about the longitudinal bit axis and extending from the shank
portion, and a face portion disposed about the longitudinal bit axis and
extending from the gauge portion, a plurality of cutting elements (18)
fixedly disposed on and projecting from the face portion, and spaced from
one another, each cutting element being positioned to rotate In a plane
generally perpendic- ular to the longitudinal bit axis; the method being
characterised by the steps of disposing the cutting ele- ments to create a
net radial imbalance force during the drilling along a net radial imbalance
force vector approximately perpendicular to the longitudinal bit axis by
generating a model of the geometry of the drill bit body and cutting
elements, calculating the net radial imbalance force under defined drilling
parameters; using the net radial imbalance force and model to calculate
changes in the position of at least one cutting 40      element which when
the cutting element is mounted on the face portion would create a net
imbalance force along a net radial imbalanceforcevector and mounting the
cutters on the face portion in the positions so calculated; disposing a
substantially continuous cutter devoid region on the face portion and gauge
portion about a plane formed by the longitudinal bit axis and the net
radial imbalance force vector; and disposing at least one substantially
smooth wear-resistant sliding surface in the cutter devoid region on the
gauge portion aboutthe planeforslidablycontacting the boreholewall during
the drilling, the netradial imbalanceforcevectorbeing of sufficient
magnitude to substantially maintain the sliding surface in contact with the
borehole wall during the drilling. 11. Amethod of making asubterranean
drill bit according to Claim 10, wherein the net radial imbalance force is
the sum of the radial components of the normal force and circumferential
force foreach cutting element. 



50 12. A method according to Claim 10 or 11 wherein the step of generating
a model of the geometry of the bit body and cutting elements comprises the
step of determining the spatial coordinates of a plurality of points on
said bit body and on each of the cutting elements. 55   13. Amethod
according to Claim 12 further including the step of calculating the rake
angle of the cutting sur- face of each cutting element using said spatial
coordinates. 14. A method according to Claim 13 further including the step
of generating additional spatial coordinates for each cutting surface by
interpolating between the spatial coordinates determined on said cutting
ele- 12    EP 0 384 734 B1 ments. 15. A method according to any of Claims
10 to 14 wherein each of said cutting elements includes a cutting 5
surface and wherein the step of calculating the net imbalance force, under
a preselected bit rotation rate, penetration rate and rock strength,
comprises the steps of calculating the relative positions of the cutting
surfaces on the cutting elements; calculating the forces acting on each
cutting element for the preselected bit rotation rate, penetra- tion rate
and rock strength; and 10            summing the radial forces acting on
each cutting element to determine the imbalance force. 16. A method
according to Claim 10 or 11 including the steps of.- defining a
three-dimensional coordinate system within which said bit body is
contained; determining the coordinates of a plurality of points on said bit
body and on each of the cutters 15      mounted thereon; storing the
coordinates so determined in a memory; calculating the position of each
cutting surface relative to the longitudinal axis of the bit body using the
stored coordinates; calculating the forces acting on each of the cutters
mounted on said bit body based on the calcu- 20      lation of each cutting
surface position for defined drilling parameters; resolving the radial
cutter force components into a single radial imbalance force; using the
imbalance force to calculate the coordinates of at least one additional
cutting surface which if present would create a net imbalance force
directed towards the bearing surface; and mounting an additional cutter on
the bit body in a position which places the cutting surface thereof 25
at the coordinates so calculated. 17. A method according to Claim 10 or 11
including the steps of.- creating an array of spatial coordinates
representative of selected surface points on the bit body; using the array
to calculate the position of each cutting surface relative to the
longitudinal axis of the bit body; 30            preselecting values for
selected drilling parameters which are representative of the conditions un-
der which the drill bit will be used; using the cutting surface positions
and preselected values to calculate forces acting on each of the cutters
mounted on said bit body; resolving the radial components of the forces so
calculated into a single radial imbalance force; locating on the bit body
an area where the radial imbalance force is directed towards; and removing
cutters from the area to define the cutter devoid region. 18. Amethod
according to Claim 17 wherein the step of using the cutting surface
positions and preselected values to calculate the forces acting on each of
the cutters mounted on said bit body comprises the step 40      of:
calculating the penetrating forces; and calculating the cutting forces. 19.
Amethod according to Claim 17 or 18 wherein the step of usingthe array to
calculate the position of each 45      cutting surface relative to the bit
body comprises the steps of: calculating the cutter's cutting surface back
rake; and calculating the cutter's cutting surface side rake. 50
Patentansprruche 1. Bohrkrone fMr unterirdische Bohrungen, die mit elner
Drehantriebsquelle zum Bohren in unterirdisches Erdmaterial betreibbar ist,
um ein Bohrloch mit elner Bohrlochwand herzustellen, mit elnem Bohrkronen-
korper (12), derein urn sine Bohrerlangsachse (42) angeordnetes Schaftleil
(14) zurAufnahme der Dreh- 



c5       antriebsquelle, einen urn die Bohrerllngsachse angeordneten und
von dem Schaftteil ausgehenden Ka- librierabschnitt und einem urn die
Bohrerllngsachse angeordneten und von dem Kalibrierabschnitt aus- gehenden
Stirnflichenabschnitt aufweist, wobel elne Vieizahl von Schneidelementen
(18) vorgesehen sind, die an dam StirnflAchenabschnitt und am
Kalibrierabschnitt fest angeordnet und davon Oberstehend 13 11111111 11111
11111  11 111111 *   C   L   M   S  *    EP 0 384 734 E11 imAbstand
voneinander befestigtsind, und wobeijedes Schneidelementso positioniert
ist, dal es in einer im wesentlichen zur Bohrerlangsachse senkrechten Ebene
rotiert, dadurch gekennzeichnet, 5            dai3 die Schneidelemente so
positioniert sind, dae wahrend des Bohrvorgangs sine Netto-Radial-
Ungleichgewichtskraft entiang sines zur Bohrerlangsachse annahernd
senkrechten Netto-Radial-Un- gleichgewichtskraftvektors erzeugt wird, da3
sin im wesentlichen durchgangiger schneidenloser Bersich auf dem
Stirnflachenabschnitt und am Kalibrierabschnitt um sine bzw. Im Bereich
elner durch die Bohrerlfingsachse und den Netto-Radial- 10
Ungleichgewichtsvektor gebildeten Ebene angeordnet ist, und dal3 Im
schneidenlosen Bereich mindestens ein Im wesentlichen glatter Lagerbereich
(20) urn die Ebene angeordnet ist, um wahrend des Bohrens die Bohrlochwand
zu berihren. 2.  Bohrkrone nach Anspruch 1, wobei die
Netto-Radial-Ungleichgewichstbkraft die Summe der Radialkom- 15
ponenten der Normalkraft und der Umfangskraft der einzelnen Schneidelemente
it. 3.  Bohrkrone nach Anspruch I oder 2, wobei die Schneidelemente
polykrlstalline Diamantprefflinge sind. 4.  Bohrkrone nach elnem der
AnsprOche I bis 3, wobei der Lagerbereich (20) mindestens esine im wesent-
lichen glatte, verschleilfeste, am Kalibrierabschnitt angeordnete
GleltoberflAche umfal~t. 20 5.  Bohrkrone nach Anspruch 4, wobel die
Gleitoberflache sine Verschleii~schicht (22) umfait. 6.  Bohrkrone nach
Anspruch 4, wobel die Gleitoberflfche Diamantbinsatze (24) aufwelst 2s  7.
Bohrkrone nach Anspruch 4, wobei die Gleitoberfliche Diamantplatichen (26)
aufwebst. 8.  Bohrkrone nach einem derAnsprOche 4 bis 7, wobei die
Gleitoberfilche elnen hinreichend grolen Ober- flachenbereich hat, so dal,
dann wenn die Gleitoberflache wahrend des Bohrens gegen die Bohrwand
geprel~t wird, die ausgeiibte Kraft kielner ist als die Druckcfestlgkeit
des unterirdischen, die Bohrlochwand 90      bildenden Materials. 9.
Bohrkrone nach Anspruch 1, wobel der Lagerbereich (20) mindestens sine
zylindrische, am Bohrkronen- k6rper (12) angeordnete Rolle umfalt, die
wahrend des Bohrens Ober die Bohrlochwand abrollen kann. 10. Verfahren zur
Herstellung einer zum Einbringen von unterirdischen Bohrungen dienenden,
durch sine Drehantriebsquelle antreibbaren Bohrkrone, um ein Bohrloch mit
einer Bohr lochwand herzustellen, wo- bel die Bohrkrone (10) einen
Bohrkronenkorper (12) mit einem um eine Bohrerlingsachse (42) angeord-
neten SchafiteDl (14) zurAufnahme des Drehantriebes, sinen um die
Bohrerlangsachse angeordneten und sich von dem Schaftteil erstreckenden
Kalibrierabschnitt und oinen um die Bohrerllngsachse angeord- 40      neten
und sich von dem Kallbrierabschnitt erstreckenden Stirnflachenabschnitt
aufweist; wobei sine Vsie- zahl von Schneideiementen (18) vorgesehen sind,
die an dem Stirnflachenabschnitt und am Kalibrlerab- schnitt fest
angeordnet und davon uberstshend im Abstand voneinander befestigt sind, und
wobei jedes Schneidelement so positioniert ist, daS es In einer im
wesentlichen zur Bohrerlangsachse senkrechten Ebene rotiert, gekennzeichnet
durch folgende Verfahrensschritte; Anordnen der Schneidelemente derart, dal
wahrend des Bohrens sine Netto-Radial-Ungleichge- wichtskraft entlang sines
ungefahr zur Bohrerlfngsachse senkrechten Netto-Radial-Ungleichgewichsts-
kraftvektors erzeugt wird indem sin Geometriemodell des Bohrkronenk8rpers
und der Schneldelemente generiert wird; 50            Berechnen der
Netto-Radial-Ungieichgewichtskraft unter definierten Bohrparametern;
Verwenden der Nstto-Radial-Ungleichgewichtskraft und des Modells zur
Berechnung von Veran- derungen der Position von mindestens einem
Schnsidelement, wetches bel Anordnung des Schneidele- ments am
StirnflAchenabschnitt sine Netto-Ungleichgewichtskraft entlang sines
Netto-Radial-Ungleich- gewichtskraftvektors erzeugen wflrde, und montieren
der Schneiden am Stirnflichenabschnitt In der so berechneten Position;
Anordnen sines im wesentlichen durchgfingigen schneidenlosen Bereichs auf
dem Stirnflachen- 



abschnitt und dern Kalibrlerabschnitt um sine durch die Bohrerlangsachse
und den NettoRadial-Ungleich- gewichtsvektor gebildete Ebene; und Anordnen
mindestens einer im wesentilchen glatten, gegen Verschisil
widerstandefihigen Glelt- 14 I  1111111 111111 1111111111111111 *  C   L  M
S   *    EP 0 384 734 B1 fliche im achneidenlosen Bereich am
Kalibrierabschnitt um die Ebene zur Erzielung eines Gleitkontaktes mit der
Bohrlochwand wahrend des Bohrens, wobei der
Netto-Radial-Ungleichgewichtskraftvektor von ausreichender GrOge ist, um
die Gleitoberflache mit der Bohrlochwand wahrend des Bohrens im wesent- 5
lichen in Bernhrung zu halten. 11. Verfahren zur Herstellung einer
unterirdischen Bohrkrone nach Anspruch 10, wobel die Netto-Radial-Un-
gielchgewichstskraft die Summe der Radialkomponentbn der Normalkraft und
der Umfangskraft der ein- zelnen Schneldelemente ist 10 12. Verfahren nach
Anspruch 10 oder 11, wobei der Schritt des Genertirens eines Modelles der
Geometrie des Bohrkorpers und derSchneildelementb den SchriltderBestimmung
derraumlichen Koordinaten elner Vieizahl von Punkten auf dim Bohrkorper und
auf Jedem der Schneidelemente umfaat 16 13. Verfahren nach Anspruch 12, mit
dim weiteren Verfahrensschritt des Berechnens des Anstellwinkels der
Schneidoberflache jedes Schneidelements unter Verwendung der raumlichen
Koordinaten. 14. Verfahren nach Anspruch 13, mit dim weiteren
Verfahrensschritt der Erziugung zusatzlicher raumlicher Koordinatbn fMr
jede Schneidoberfliche durch Interpolation zwlschen den auf den
Schneidelementen be- stimmten rfumlichen Koordinaten. 20 15. Verfahren nach
einem der Ansprflche 10 bis 14, wobei Jades der Schneldelemente Ober eine
Schneid- oberflache verfugtundwobei der Verfahrensschrittdes Berechnens der
Netto-Unglelchgewichtskraft, un- tir ilnervorgewihlten
Bohrerdrehgeschwindlgkelt, Eindringrate und Gesteinsfestgkeit, folgende
Schritte umfast: 25            Berechnen der relativen Positlonen der
Schneldoberflachen an den Schneideleminten; Berechnen der KrAfbt, die auf
jades Schneidelement bei der vorgewahitln Bohrerdrehgeschwin- digkeit
Eindringrate und Gesteinsfestigkeit einwirken; und Aufsummieren der
Radialkraftb, die auf die elnzelnen Schneidelemente elnwirken, um die Un-
gleichgewichtskraft zu bestimmen. 30 16. Verfahren nach der Anspruch 10
oder 11, welches die folgenden Verfahrensschritte einschlieilt: Festiegen
sines dreidimensionalen Koordinatensystems In dim der Bohrerkorper
enthalten ist; Bestimmen der Koordinaten eilnerVieizahl von Punkten auf dim
Bohrk8rperund aufjeder der dar- auf montierten Schneiden; 3s
Speichern der so bestimmten Koordinaten in einem Speicher, Berechnen der
Posibon Jeder Schneldoberflache relativ zur Liangsachse des Bohrkorpers
unter Verwendung der gespeicherten Koordinaten; Berechnen der Krlfte, die
auf jede der auf dim Bohrk8rper montiertbn Schneiden elnwirkt, basie- rend
auf der Berechnung der einzelnen Schneidoberflichenpositionen fMr
definierte Bohrparamiter; 40            Aufldsen der radialen
Schneidkraftkomponentbn zu elnereinzigen radialen Ungleichgewichtskraft;
Verwenden der Ungleichgewichtskraft, um die Koordinaten von mindestens
elner zusatzlichen Schneidoberfliche zu berechnen, welche, falls vorhanden,
sine Netto-Ungleichgewichtskraft erzeugen wfirde, die zur Lagerflache hin
gerichtet Ist; und Montieren elner zusltzlichen Schneide auf dim Bohrk8rper
an elner Position, welche deren 45      Schneidoberfliche an den so
berechneten Koordinaten plazlert. 17. Verfahren nach Anspruch 10 odor 11,
welches die folgenden Schritte einschlieRt Erzeugen elnes Feldes oder einer
Gruppe von raumlichen Koordinaten stelivertretend fir ausge- wahlte
Oberflilchenpunkto auf dim Bohrkdrper; 50            Verwenden des Feldes,
um die Position elner jeden Schneldoberflache relativ zur LAngsachse der
Bohrk8rpers zu berechnen; AuswahIen von Wertin fMr ausgewahlbt
Bohrparameter, welche fr die Bedingungen, unter denen die Bohrkrone
eingesetzt wird, reprisentativ sind; 



Verwenden der Schneidoberflachenpositionen und derausgewahiten Werte, um
die Kraftb, dieauf 55      die einzelnen auf dim Bohrk8rper montierten
Schneiden einwlrken, zu berechnen; Auflo8sen der Radlalkomponenten der so
berechnetin Krafte zu iiner einzelnen radialen Ungleich- gewichtskraft;
Riumliches Festlegen eines Bereiches auf dim Bohrkorper, auf den die
radiale Ungleichgewichts- kraft hin gerichtet ist; und 15 I    C   L  M  S
*    EP 0 384 734 B1 Entfernen der Schneiden von dem Bereich, um die
schneidenlose Region zu bestimmen. 18. Verfahren nach Anspruch 17, wobel
der Verfahrensschritt des Verwendens der Schneidoberflachenpo- 5
sitionen und der ausgewahiten Werte zur Berechnung der Krafte, die auf jede
auf dem Bohrkorper mon- tierte Schneide einwirken, folgende
Verfahronsschrbtte umfait Berechnen der Elndring- bzw. Vorschubkrafte; und
Berechnen der SchnittkrAfte. 19. Verfahren nach Anspruch 17 oder 18, wobel
der Schritt des Verwendens des Feldes zur Berechnung der Position elner
jeden Schneidoberflache relativ zum Bohrkorper folgende Schritte umfagt:
Berechnen des R0ckspanwinkels der Schneldoberflache der Schnelde; und
Berechnen des Seitenspanwinkels der Schneldoberflache der Schneide. 15
Revendicatlons 1.  Thte de forage souterrain pouvant fonctionner avec une
source d'entratnement en rotation afin de forer des matieres terrestres
soutbrraines de fagon A cr6er un trou de forage ayant une parol de trou de
forage, 20      la tfte de forage (10) comportant un corps de tMte de
forage (12) ayant une partie de tige (14) dispos6e autour d'un axe de t~te
longitudinal (42) afin de recevoir la source d'entralnement en rotation,
une partie de calibrage disposee autour de l'axe de tete longitudinal et
s'6tendant depuls la partle de tige, et une partie de face dispose6e autour
de l'axe de tote longitudinal et s'6tendant depuls la partle de calibrage;
plusiours l6ments de coupe (18) disposes de facon fixe sur et depassant de
la partle de face et de la 25       parlie de calibrage et espaces l'un de
I'autre 6tant prevus, chaque 6l6ment de coupe etant positionne afin de
tournerdans un plan generalement perpendiculalre A l'axe de tMte
longitudinal, caracterisbe en ce quo les elements de coupe sont posetionnis
afIn de creer une force de desequilibre radiale nette pendant le forage le
long d'un vecteur de force de desequilibre radials nette approximativement
perpendiculaire a I'axe de tfte longitudinal; en ce quo une zone sans
elbment de coupe sensiblement continue est dispos6e so      sur la partbe
de la face et la partie de calibrage autour d'un plan forme par l'axe de
tote longitudinal et le vecteur de force de desiquiilbre radiale nette; et
en ci quo au moins une zone d'appul sensiblement lisse (20) est disposee
dans la zone sans element de coupe autour du plan af in de venir en contact
avec Ia paroi de trou de forage pendant Is forage. 2.  Tteb de forage
soutbrrain selon la revendication 1, dons laqudlle la force de desequilibre
radiale nette est la somme des composanste radiales de la force normale et
de la force circontfrentielle pour chaque ele- ment de coupe. 3.  Te de
forage souterrain solon la revendication I ou la revendication 2, dans
laquelle les elements de coupe sont constitues par un element compact en
diamant polycristallin. 40 j>        4. Tete de forage souterrain selon
l'une quelconque des revendicatlons 1 A 3, dans laquolle la zone d'appui
(20) comports au moins une surface de glissement sensiblement lisse
r"sistant A l'usure disposee sur la partie de callbrage. 45  5.  Tete de
forage souterrain solon la revendication 4, dans laquelle la surface de
glissement comports un revtement d'usure (22). 6.  Trte de forage
souterrain selon la revendication 4, dans laquelle la surface de glissement
comporte des inserts en diamant (24). 50 7. M~te de forage souterrain selon
Ia revendication 4, dans laquelle la surface de glissement comportb des
patina en diamant (26). 8. Te de forage soutbrrain solon l'une quelconque
des revendications 4 a 7, dans laquelle la surface de glissement est d'une
superficie suffisante pour quo la surface de glissement solt forcee contre
la paroi de trou de forage pendant le forage, la force appliquee etant
inferieure A la resistance A la compression 



de la matlere souterraine formant la paroi de trou de forage. 9.  Tete de
forage soutorrain solon la revendication 1, dans laquelle la zone d'appui
(20) comports au moins 16 C   L1111111111111111    EP 0 384 734 B1 un
rouleau cylindrique dispos6 our un corps de tete de forage (12) afin de
permettre au rouleau de rouler sur la parol de trou de forage pendant le
forage. 5   10. Procd6 do fabrication d'une tte de forage souterrain
pouvant fonctionner avc une source d'ontralne- menten rotation afin
deforordes matieres trrestressouterrainos defagon A cr6eruntrou deforage
ayant une parol de trou de forage, la tote de forage (10) comportant un
corps de tte de forage (12) ayant une partle de tige (14) dispose6e autour
d'un axe de tete longitudinal (42) afin de recevoir la source doentrat-
nement on rotatlon, une partie de cailbrage disposea autour de l'axe de
tote longitudinal et s'etendant de- 10      puis la parffe de tige, et une
partie de face dispos6e autour de l'axe de tOte longitudinal et s'etendant
de- pui8 la partie de calibrage, plusieurs elements de coupe (18) disposes
de faon fixe sur et depassant de la partie de face et de la partle de
callbrage et espaces l'un de l'autre chaque element de coupe etant
positionn6 afin de tourner dans un plan generalement perpendiculaire A
l'axe de tte longitudinal, Io pro- cede etant caractenise par lea etapes
consistant a disposer les 61ements de coupe afin de creer une force 15
de desequilibre radials nette pendant le forage Is long d'un veoctur de
force de dsedquilibre radial. nette approximatfvement perpendiculaire a
l'axe de tOte longitudinal en g6nerant un modele de la g6ometrie du corps
de tete de forage et des elements de coupe, en calculant la force de
desequillbre radial. nette pour des parametres deforage definis; utiliser
la force de desequilibre radlale nette et Is modele afin de calculer des
changements dans la position d'au moins un element de coupe qut, lorsque
l'element de coupe est 20      monte our la partie de face, cr6e une force
de desequilibre nette lt tong d'un vecteur de force de dese- ququlbre
radials nette et monter lea elements de coupe sur la partie de face dans
lee positions ainsi cal- culees; disposer une zone sans Ne6ment de coupe
sonsiblement continue our la partie de face et la partie de calibrage
autour d'un plan forme par l'axe de t~te longitudinal et le vecteur de
force de desequilibre radialo nette; et disposer au moins une surface de
glissement resistant A l'usure sensiblement tIse dans 25      Ia zone sans
eNement de coupe our la partle de calibrage autour du plan pour venir en
contact glissant avec la paroi de trou de forage pendant le forage, le
vecteur de force de desequilibre radialo nette etant d'une amplitude
suffisante pour sensiblement maintenir la surface de glissement en contact
avec la paroi de trou de forage pendant le forage. 11. Procede de
fabrication d'une tteb de forage souterrain selon la revendication 10,
selon lequdl la force de desequiiibre radiale nette est la somme des
composantes radlales de la force normale et de Ia force cir- conferentielle
pour chaque element de coupe. 12. Procede selon la revendication 10 ou 11,
solon lequel l etape consistant a generer un modble do la geo- metrie du
corps de t~te et des etements de coupe comprend t'etape consistant A
d~terminer les coordon- nees spattales de plusieurs points sur ledit corps
de tteb et sur chacun des elements de coupe. 13. Proceddselon la
revendication 12, comprenant en outre l'etape de calcul de l'angle de coupe
de la surface de coupe de chaque element do coupe en utilisant lesdites
coordonn6es spaffales. 40  14. Procede selon la revendication 13,
comprenant en outre l'etape de generation de coordonnees spatiales
additionnelles pour chaque surface de coupe par interpolation entre lea
coordonnees spatiales determi- nbes our lesdits elements de coupe. 15.
Procede selon l'une quelconque des revendlcatlons 10 A 14, selon lequel
chacun desdits elements de cou- 45      pe comprend une surface de coupe
etselon loquell e'tape de calcul de la force de desequillbre nette, pour
une vitesse de rotation de tOte, une vitesse de penetratlon et une
resistance de terrain predetorminees comprend let Atapes de: calcul des
positions relatives des surfaces de coupe sur les elements de coupe; calcul
des forces agissant sur chaque etement de coupe pour la vitesse de rotation
de tteb, la vi- so      tesse de penetration et la resistance de terrain
prhdetorminees; et addition des forces radiales agissant sur chaque element
de coupe afin de determiner la force de desequilibre. 16. Procede selon la
revendication 10 ou 11, comprenant les Atapes de: cc            definition
d'un systeme de coordonnees tridimenslonnelles dans loquel est contbnu
ledit corps de tete; determination des coordonnees de plusieurs points sur
ledit corps de tteb et our chacun des ele- ments de coupe monte dessus; 



stockage des coordonnees ainsi dtebrminees dans une memoire; 17 I 111111
111111 1111 11  1111 *  C   L  R   S  *    EP 0 384 734 B1 calcul de la
position de chaque surface de coupe par rapport A l'axe longitudinal du
corps de tte en utilisant les coordonn6es stock6es; calcul des forces
agissant sur chacun des elements de coupe montes sur ledit corps de tote
sur la 5       base du calcul de chaque position de surface de coupe pour
des parametres de forage pr~d~terminds; resolution des composantes deforce
de coupe radiales en une force de d6s6qulibre radiale unique; utilisation
de la force de des6quilibre pourcalculerles coordonnees d'au moins une
surface de cou- pe additionnelle qui, si elle est presente, cr6erait une
force de desequilibre nette dirigee vers la surface d'appul; et 10
montage d'un element de coupe additionnol sur le corps de t~te dans une
position qui place la sur- face de coupe de celul-cl aux coordonnees ainsi
calculees. 17. Procede selon la revendication 10 ou 11, comprenant les
tapes consistant a: cr6er un r6seau de coordonn6es spatiales
representatives des points de surface choisis sur le 15      corps de tete;
utillser le reseau pour calculer la position de chaque surface de coupe par
rapport A l'axe longitu- dinal du corps de tte; predeterminer des valeurs
pour des parametres de forage choisis qui sontrepr~sentatifa des condi-
tions dans lesquelles la tteb de forage est utlisee; 20            utiliser
les positions de surface de coupe et lea valeurs prdd6terminees afin de
calculer des forces agissant sur chacun des elements de coupe montes sur
ledit corps de tete; resoudre lea composantes radiales des forces ainai
calculees en une force de desbquilibre radialo unique; disposer sur le
corps de tete une zone vers laquelle est dlrlg6e la force de d6esquilibre
radiale; et 25            enlever des el6ments de coupe de la zone afin de
dhfinir la zone sans element de coupe. 1a ProcidA selon la revendication
17, selon lequel l'tape consistant A utiliser lea positions de surface de
coupe et lea valeurs pr6d6termin6es afin de calculer lea forces agissant
sur chacun des elements de cou- pe montes sur ledit corps de tWte comprend
lea 6tapes consistant A: 30            calculer les forces de penetratlon;
et calculer les forces de coupe. 19. Procede selon la revendication 17 ou
18, selon lequel l'etape consistant a utiliser le reseau pour calculer la
position de chaque surface de coupe par rapport A l'axe longitudinal du
corps de tWte comprend lea 35      6tapes consistant a: calculer la
depouille arriere de surface de coupe d'el6ment de coupe; et calculer la
depoullie laterale de surface de coupe d'el6ment de coupe. 40 45 50 55 1 8


