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ROTARY CONE DRILL BIT AND METHOD FOR 

ENHANCED LIFTING OF FLUIDS AND CUTTINGS 

TECHNICAL FIELD OF THE INVENTION 
This invention relates in general to the field of 

5 rotary drill bits ~sed in drilling a borehole in the 

earth and in particular to a rotary cone drill bit and 

method for enhanced lifting of fluids and cuttings. 
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BACKGROUND OF THE INVENTION 
Various types of rotary drill bits or rock bits 

may be used to form a borehole in the earth.· Examples of 
such rock bits include roller cone bits or rotary cone 

5 bits used in drilling oil and gas wells. A typical 
roller cone bit comprises a bit body with an upper end 
adapted for connection to a drill string. A plurality of 
support arms, typically three, depend from the lower end 
portion of the bit body with each arm having a spindle 

10 protruding radially inward and downward with respect to a 
projected rotational axis of the bit body. 

Conventional roller cone bits ar~ typically 
constructed in three segments. The segments may be 
positioned together longitudinally with a welding groove 

15 between each segment. The segments may then be welded 
with each other using conventional techniques to form the 
bit body. Each segment also includes an associated 
support arm extending from the bit body. An enlarged 
cavity or passageway is typically formed in the bit body 

20 to receive drilling fluids from the drill string. U.S. 
Patent 4,054,772 entitled, Positioning System for Rock 
Bit Welding shows a method and apparatus for constructing 
a three cone r9tary rock bit from three individual 
segments. U.S. Patent 4,054,772 is incorporated by 

25 reference for all purposes within this application. 
A cutter cone is generally mounted on each spindle 

and supported rotatably on bearings acting between the 
spindle and the inside of a spindle receiving cavity in 
the cutter cone. One or more nozzles may be formed on 

30 the underside of the bit body adjacent to the support 
arms. The nozzles are typically positioned to direct 
drilling fluid passing downwardly from the drill string 
through the bit body toward the bottom of the borehole 
being formed. Drilling fluid is generally provided by 
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the drill strinq to perform several functions includinq 

washing away material removed from the bottom of the 
borehole, cleaning the cutter cones, and carrying the 

cuttings radially outward and then upward within the 
5 annulus defined between the exterior of the bit body and 

the wall of the borehole. U.S. Patent 4,056,153 

entitled, Rotary Rock Bit with Multiple Row Coverage for 

Very Hard Formations and U.S. Patent 4,280,571 entitled, 

Rock Bit show examples of conventional roller cone bits 

10 with cutter cone assemblies mounted on a spindle 

projectinq from a support arm. U.S. Patent 4,056,153 and 
U.S. Patent 4,280,571 are incorporated by reference for 

all purposes within this application. 
While drillinq with such rotary or rock bits, fluid 

15 flow in the vicinity of the cutter cones may be very 
turbulent, thereby inhibiting an even, upward flow of 

cuttings and. other debris from the.bottom of the borehole 
through the annulus to the well surface. Furthermore, 
such debris may collect in downhole locations with 

20 restricted fluid flow. Examples of such locations with 
restricted fluid flow include the lower portion of the 
bit body adjacent to the respective support arms and the 
annulus area between the exterior of the bit body and the 
adjacent wall of the borehole. Other areas of restricted 

25 fluid flow may include the backface of the respective 
cutter cones and· the wall of the borehole. As a result 

of collecting such debris, the area available for fluid 
flow is reduced even further resulting in an increase in 
fluid velocity through such areas and erosion of the 

30 adjacent metal components. As this erosion progresses, 

vital components such as bearings and seals may be 
exposed to drilling fluids and well debris which can lead 

to premature failure of the associated rock bit. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
disadvantages and problems associated with previous rock 

bits and rotary cone drill bits have been substantially 
5 reduced or eliminated. In one embodiment, the present 

invention includes a support arm and cutter cone assembly 
which provide· enhanced fluid flow around the exterior of 

an associated rotary drill bit during drilling operations 

for removal of cuttings and other debris from the bottom 

10 of the borehole to the well surf ace. A ramp is provided 
on an exterior surface of each support arm. The ramp is 

formed at an angle such that the ramp slopes upward from 
the leading edge of the support arm to the trailing edge. 
The ramp aids the flow of f lu~d, cuttings, and other 

15 debris to the annulus formed between the wail of the 

borehole and the exterior of an associated drill string. 
A . technic.al advantage of the present invention 

includes that the ramp divides turbulent fluid flow 
around the rotating cutter cones from fluid flow in the 

20 annulus above the cutter cones such· that cuttings and 
other debris entering the annulus are not drawn back down 
toward the cutter cones. The outer diameter of the ramp 
is substantially equal to the diameter of the borehole. 
Thereby, the ramp, in cooperation with other components . 

25 of the bit body, separates fluid at the drill bit into 
two substantially independent regions. Fluid flow below 
the.ramp is turbulent and multidirectional due to the 

fluid e~iting the nozzles and the churning ·effect of the 
cutter cones. Fluid.flow above the ramp is relatively 

30 less turbulent and unidirectional upwardly through the 
annulus because the trailing edge of the ramp is 
preferably located above the exit end of the·nozzles and 
the cutter cones. Thus, fluid flow in this region is not 
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subject to the churning action of the cutter cones or 
downward· flow from the nozzles. 

Another technical advantage of the present invention 
includes that the ramp provides a means for lifting 

5 cuttings and other debris upward to the annulus and away 

from the cutter cones. As the drill bit rotates, fluid 
and debris move upward along the ramp toward the annulus. 

This reduces the effect of cuttings interfering with the 

area available for fluid flow. 

10 Another technical advantage of the present invention 
includes that use of a ramp on the support arm provides a 
gap between the support arm above the ramp and the wall 
of the borehole thereby increasing the upward flow of 

fluid and debris. Furthermore, a second gap is also 
15 provided below the ramp which may also increase fluid 

flow. This second gap allows for increased mixing of 
drilling fluid and cuttings to be lifted up by a ramp 

disposed on an adjacent support arm. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereo~, reference is now 
made to the following description taken in conjunction 

5 with the accompanying drawings in which like reference 
numbers indicate like features and whe.~ein: 

10 

FIGURE 1 is an isometric view o.f a rotary cone drill 

bit constructed according to· the teachings of the present 
invention; 

FIGURE 2 is a schematic drawing in elevation and 
section with portions broken away showing a support arm 

of a rotary cone drill bit incorporating. features of the 
present invention and disposed ina well bore; 

FIGURE 3 is an isometric vj,ew of another embodiment 
15 of a support arm for, a rotary cone drill bit having a 

ramp constructe.d according to the teilchings of the 
present invention; and 

FIGURE 4 is an isometric view of another embodiment 
of a support arm for a rotary cone drill bit having a 

20 ramp constructed according to the teachings· of the 

present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention and its advantages are 
best understood by referring to FIGURES 1 through 4 of 
the drawings, like numerals being used for like and 

5 corresponding parts of the drawings. 

FIGURE 1 illustrates a roller cone rock bit, 
indicated generally at 10, constructed according to the 
teachings of one aspect of the present invention. As 

shown in FIGURE 2, roller cone rock bit 10 may be used to 

10 drill a borehole by the cutting action of cutter cones 12 
as roller cone rock bit 10 is rolled around bottom 14 of 

borehole 16 by the rotation of a drill string (not shown) 
attached to roller cone rock bit 10. 

Roller cone rock bit 10 comprises a bit body 18 

15 having a tapered, externally threaded upper section 20 
adapted to be secured to the lower end of the drill 
string (not shown). Three cutter assemblies (two visible 
in FIGURE 1) indicated generally at 22, depend from 
bit body 18 (not shown). Cutter cone assemblies 22 and 

20 bit'body 18 may comprise an integrated unit. 

25 

Alternatively, cutter cone assemblies 22 may be modular 

units that are removably attached to bit body 18 (not 
shown). Each cutter assembly 22 preferably comprises a 
support arm 24 and a cutter cone 12. 

Each cutter cone 12 may include, for example, a 

number of surface compacts 26 disPQsed in a gauge face 
surface 28 of each cutter cone 12. Each cutter cone 12 
may also include a number of teeth 30. Surface compacts 
26 and teeth 30 may comprise compacts or inserts that are 

30 formed from various hard materials as desired. 
Alternatively, teeth 30 may be milled from cutter cone 12 

itself. 
During drilling, borehole debris is removed. from 

.bottom 14 of borehole 16. A number of nozzles 32 extend 
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from an underside 34 of roller cone J;"QCk bit 10 and 
supply drilling fluid to aid in the removal of the 
debris. The drilling fluid flows radially outward. 
between the underside 34 and bottom 14 of borehole 16. A 

5 number of ramps 36 located on support arms 24 also aid in 
the removal process. 

10 

Ramp 36 is disposed on exterior surface 38 of 
support arm 24. Ramp 36 may be formed out of each 
support arm 24 by a machining operation. Alternatively, 
ramp 36 may be formed on exterior surface 38 of support 
arm 24 by first depositing weld material on surface 38. 
The weld material may then be machined to a desired shape 
for ramp 36. Finally, ramp 36 may be formed on support 
arm 24 during the process of forging support arm 24. 

15 After support arm 24 has been forged, ramp 38.may be 
further machined to define its desired structure. 

Ramp 36 comprises leading edge 40, trailing edge 42 
and top surface 44. Top surface· 44 of ramp 36 slopes 
generally upward along surface 38 of support arm 24 from 

20 leading edge 40 to trailing edge 42. At trailing edge 
42, top surface 44 is preferably located at or above the 
exit of nozzle 32. In modular roller cone rock bits, top 
surface 44 may be disposed below nozzle 32 if the exit of 
nozzle 32 is disposed closer.to the center of bit body 

25 18. It is desirable to have top surface 44 at. leading 
edge 40 be as low as possible on .. support arm 24 so as to 
aid in removal of cuttings and other debris. For some 
applications, top-surface 44 at leading edge 40 of ramp 
36 may be located at approximately the same level as ball 

30 · plug hole- 46 ~ 
Ramp.36 also has a thickness defined.by top surface 

44. The thickness of ramp 36 may be chosen such that an 
outer surface 48 of ramp 36 is located a predetermined 
distance· from a wall 50 of borehole 16 when roller cone 



W096/18019 PCl'/US95/15926 

9 

·rock bit 10 is disposed in borehole 16. The use of ramp 

36.allows formation of a first gap 52 between surface 38 
of support arm 24 and wall 50 of ~orehole 16. First gap 
52 allows increased fluid flow up into an annulus 54 

5 formed between wall 50 of borehole·l6 and the exterior of 

an associated drill string. A second gap 53 is also 
formed between surf ace 38 of support arm 24 and wall 50 

of borehole 16 below ramp 36. Second gap 53 allows 
increased mixing of cuttings and other debris with.the 

10 drilling fluid for removal from borehole 16. 
The structure of ramp 36 may be protected by several 

different means. First, ramp 36 may comprise a plurality 
of inserts 56. Additionally, hardfacing 58 may be 

applied to shirttail 60 of support arm 24. As shown in 
15 FIGURE 3, hardfacing 62 may also be applied to leading 

edge 140 of ramp 36. Hardfacinq 62 may com.prise chips or 

particles of tungsten carbide or other appropriate 

material for preventing wear on ramp 36. As shown in 
FIGURE 4, leading edge 240 of ramp 236 may be chamfered 

20 such that the thickness of ramp 36 may increase from 
leading edge 240 to trailing edge 242. The chamfered 
leading edge 240 reduces the possibility of extra torque 

on rotary cone drill bit 10 while rotating in borehole 
16. 

25 As shown in FIGURE 2, roller cone rock bit 10 
operates to scrape and gauge the sides and bottom 14 of 
borehole 16 utilizing surface compacts 26 and teeth 30 
under downhole force supplied through the drill string. 
Roller cone rock bit 10 rotates to the right in borehole 

30 16. cutter cones 12 create cuttings and other debris at 
the bottom 14 of borehole 16. Drilling fluid is ejected 

from nozzles 32 toward cutter cones 12. As roller cone 
rock bit 10 rotates, the leading edge 40 of ramp 36 picks 
up cuttings and fluid. The fluid and cuttings move up 
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along surf ace 44 toward the trailing edge 42 of ramp 36 
and thus flow upward into annulus 54 toward the surface 
of the borehole. 

A technical advantage of the present invention is 
5 that ramp 36 divid·es turbulent fluid flow. around rotating 

cutter cones 12 and less turbulent, upward fluid flow in 
annulus 54 such that cuttings and other debris entering 
annulus 54 are not drawn back down toward cutter cones 
12. Additionally, top surface 44·of ramp 36. lifts 

10 cuttings and other debris up toward annulus 54· and away 
from cutter cones 12. This reduces the.effect of 
cuttings interferinq·with the area available for fluid 
flow around cutter cones 12. 

Although the present invention· and its advantages 
15 have been described in detail, it shouldbe understood 

that various changes,· substitutions·and alterations can 
be made therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 

20 

( 
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WHAT IS CLAIMED IS: 

1. A rotary cone drill bit for forminq a borehole, 
comprisinq: 

5 a bit body havinq an upper end portion adapted for 
connection to a drill strinq for rotation of said bit 
body; 

a number of support arms extendinq from said bit 
body, each of said support arms havinq a leadinq edge and 

10 a trailing edqe; 

a number of cutter cone assemblies equaling said 
number of support arms and rotatably mounted respectively 
on one of said support arms and projecting generally 
downwardly and inwardiy with respect to its associated 

15 support arm; and 
a surface formed on the exterior of eachsupport 

arm, each of said surf aces inclined at an angle from said 
leading edge toward said trailing edge such that said 
surf aces coop·erate with each other to direct cuttings and 

20 fluid upwardly in the borehole. 

2. The drill bit of Claim 1, and further 
com.prising: 

said surface having one end adjacent to said 
25 trailing edge and another end adjacent to said leading 

edqe; and 
a nozzle havinq an exit disposed adjacent to at 

least one of said support arms, wherein said end of said 
surface at said trailing edge is positioned above said 

30 exit from said nozzle. 

3. The drill bit of Claim 1, wherein said surface 
is formed on a ramp as an integral part of said support 

arm. 
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4. The drill bit of Claim 1, wherein sai.d surface 
comprises a weld material deposited on said exterior of 
said support arm to form a ramp extending from said 
leading edge to said trailing edge. 

5. The drill bit of Claim 1, wherein said surface 
is formed on said exterior of said support arm during the 
forging process for forming said support.· arm •. 

6. The drill bit of Claim 1, wherein said support 
arms further comprise ha~df acing formed along a leading 
edge of said respective surfaces. 

7. The drill bit of Claim 1, further comprising a 
15 plurality .of inserts disposed in said exterior of said 

support arm adjacent to said surfaces •. 

8 • The drill bit of Cla.im 1, wherein an outer 
diameter of s·aid surface is approximately equal to a 

20 maximum outer diameter of the drill bit such that as the . . 

drill bit is rotated in a borehole, said surface lifts 
drilling fluids and cuttings upwards and away from a 
bottom of the borehole. 

25 9. The drill bit .of Claim. 1, where.in a leading 

30 

edge of said surface is chamfered such that the thickness 
of the surface increases from said leading edge of said 
surface to said trailing·. edge of said support arm. 

10. The drill bit of Claim 1, wherein said cutter 
cone assemblies each comprise a cutter cone having a 

plurality of teeth milled out of. said cutter cone. 

( 



W096/18019 PCI'/US95/15926 

I lllllll ll/11111111 11111111111 
* C l M S * 

13 

11. A support arm and cutter assembly for a rotary 
drill bit having a bit body, comprising: 

said support arm extending from said bit body and 
5 having an exterior surface; 

said cutter cone assembly mounted on said support 
arm and projecting generally downwardly and inwardly with 
respect to said support arm; and 

a ramp formed on said exterior surf ace of said 
10 support arm, said ramp inclined at an angle from a 

leading edge of said support·arm toward a trailing edge 

of said support arm such that said ramp directs cuttings 
upwardly in a borehole. 

15 

20 

12. The support arm of Claim 11, and further 
comprising a nozzle disposed adjacent to each support 
arm, wherein a top surface of said ramp at said trailing 

edge is positioned above an exit of said nozzle. 

13. The support arm of Claim 11, wherein said ramp 
is formed integral with said support arm. 

14. The support arm of Claim 11, wherein said ramp 
comprises a weld material deposited on said exterior 

25 surface of said support arm to form said ramp. 

30 

15. The support arm of Claim 11, wherein said ramp 

is formed on an exterior surface of said support arm 
during the forging process for forming said support arm. 

16. The support arm of Claim 11, wherein said ramp 
further c~mprises hardfacing formed along a leading edge 

of said r~p. 
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17. The support arm of Claim 11, wherein said ramp 
further comprises a plurality of inserts disposed in an 
outer surface of said ramp. 

18. The support arm of Claim 11~ wherein an outer 
diameter of said ramp is approximately equal to a maximum 
outer diameter of the drill bit such that as the drill 
bit is rotated in a borehole, said ramp forces the flow 
of cuttings along said ramp upwards and away from a 
bottom of the borehole. 

19. The support arm of Claim 11, wherein a leading 
edge of said ramp is chamfered such that the thickness of 
the ramp increases from said leading edge of said ramp to 

15 said trailing edge of said support arm. 

20 

20. The support arm of Claim 11, wherein said 
cutter cone assemblies each comprise a cutter cone having 
a plurality of teeth milled out of said cutter cone. 

( 
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21. A support arm and cutter assembly for a rotary 
drill bit having a bit body, comprising: 

said support arm extending from said bit body and 
having an exterior surface; 

s said cutter cone assembly mounted on said support 
arm and projecting generally downwardly and inwardly with 
respect to said support arm; 

a ramp formed on said exterior of said support arm, 

said ramp having a surface inclined at an angle from a 

10 leading edge of said support arm toward a trailing edge 
of said support arm such that said ramp directs cuttings 

upwardly in the borehole; 
a plurality of inserts disposed in said ramp; and 
a hardf acing material disposed on a leading edge of 

15 said ramp and a shirttail of said support arm. 

20 

22. The support arm of Claim 21, wherein said ramp 

is integral with said support arm. 
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23. A method for enhanced lifting of fluids and 
cuttings from a borehole, comprising,the steps of: 

providing a rotary cone drill bit having a 
plurality of support arms extending from a bit body, a 

5 cutter cone projecting generally downwardly and inwardly 
with respect to each support arm; 

10 

forming a surf ace on an exterior of each support 
arm, each of said surfaces inclined at an angle from a 
leading edge to a trailing edge of its respective support 
arm; 

inserting the rotary cone rock bit into a 
borehole; 

directing drilling fluid from the rotary cone 
rock bit toward a bottom of the borehole; and 

15 rotating the rotary cone rock bit within the 

20 

25 

borehole such that the cutter cones rotate on the support 
arms so as to form cuttings and the inclined surf aces on 
the support arms cooperate with each other to direct the 
cuttings and £luid upwardly in the borehole. 

24. The method of Claim 23, wherein said step of 
directing drilling fluid comprises the step of ejecting 
drilling fluid from a plurality of nozzles disposed 
adjacent to each support arm. 

25. The method of Claim 23, wherein said step of 
providing a rotary cone rock bit comprises the step of 
providing a'rotary cone rock bit wherein the inclined 
surface is formed on a ramp as an integral part of the 

30 respective support arm. 

f 
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26. The method of Claim 23, further comprising the 
step of depositing a weld material on the exterior of 
each support arm to form a ramp extending from the 
leading edge to the trailing edge of the support arm with 

5 the inclined surface deposed thereon. 

27. The method of Claim 23, wherein the step of 

providing a rotary cone rock bit comprises the step of 

forming on an exterior of the support arm during forging 
10 of the associated support arm. 

28. The method of Claim 23, wherein said step of 
providing a rotary cone rock bit comprises the step of 

providing a hardfacing formed along a leading edge of the 
15 inclined surfaces. 

29. The method of Claim 23, wherein said step of 
forming a surf ace on an exterior of each support arm 
comprises the step of chamfering a leading edge of each 

20 inclined surface such that the thickness of each inclined 
surf ace increases from the leading edge of said inclined 
surface to the trailing edge of the respective support 

arm. 


