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[57] ABSTRACT 
This invention relates to roller cone, air circulation type 
rock bits. Means are provided on the rock bit body as 
well as on the shirttail portion of each of the legs ex~ 
tending from the body to provide a relief to pass rock 
chips from the borehole bottom and up the drill string as 
the air circulation roller cone bit works in a formation. 

5 Claims, 4 Drawing Figures 



US. Patent Sep.8, 1987 Sheetl 0f4 Re. 32,495 



Re. 32,495 U. S. Patent Sep. 8, 1987 



U. S. Patent Sep.8, 1987 Sheet3 0f4 Re. 32,495 



U. S. Patent Sep. 8, 1987 Sheet4 of4 Re. 32,495 

2 



Re. 32,495 
1 

CHIP RELIEF FOR ROCK BITS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of applica 
tion Ser. No. 337,929, filed Jan. 8, 1982 now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to air circulation roller cone 

rock bits. 
More particularly, this invention relates to moderate 

to high velocity and volume air circulation roller cone 
rock bits and a means formed in the rock bit to enhance 
rock chip removal from a borehole bottom as the bit 
works in the earth formation. 

2. Description of the Prior Art 
It is well known in the rock bit art to provide well 

forti?ed rock bit legs in multi-cone rock bits to assure 
that the rock bit maintains “gage" of a borehole while 
working in a formation. The leading edges of the shirt 
tail portions of most of these bits are hardfaced to resist 
erosion of the bit shirttail since the shirttail portion is 
almost the same diameter as the cutting end of the rock 
bit. Additionally, the back of the leg is often studded 
with ?ush-type tungsten carbide inserts to resist erosion 
wear caused by the legs coming in contact with the 
borehole wall. 

In petroleum drilling where the clearance around the 
rock bit is minimal, the liquid or drilling “mud" circu 
lating fluid pumped into the drill string is sufficiently 
viscous to suspend the cuttings within itself and carry 
them out of the borehole at a relatively low rate of flow. 
With the introduction of air drilling, basic bit geometry 
did not change and the generally large detritus material 
in the borehole bottom [cound] could not be carried 
out of the hole by the less dense and less viscous air until 
the rock particles were reduced in size by regrinding by 
the bit. Regrinding the detritus slowed down the forma 
tion penetration rate of the bit and shortened the life of 
the bit. The reground rock chips tend to dull the cutters 
and wear away the shirttail portion of the bit. In addi 
tion, the ?nely ground particles get into the bearing 
surfaces formed between the roller cones and the jour 
nals supported by the bit, further limiting bit life. It is 
imperative then that the borehole cuttings be immedi 
ately removed from the borehole bottom so that the bit 
cutting surface is continually exposed to uncut rock as it 
penetrates the formation. 
The relative rock cuttings transport capabilities of 

liquid and gas drilling fluids are de?ned in the following 
analysis. Table 1 lists properties of rock cuttings trans 
port capabilities of the ?uids. 

TABLE 1 
Properties of Rock Drilling Fluids 

ABSOLUTE 
PRESSURE DENSITY VISCOSITY 

TEMPER- pounds pounds pounds 
ATURE per square per cubic per foot< 

FLUID Fahrenheit inch feet second 

Air 64 14.7 0.076 12.3 X [0' 6 
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TABLE l-continued 

Properties of Rock Drilling Fluids 
ABSOLUTE 
PRESSURE DENSITY VlSCOSlTY 

TEMPER> pounds pounds pounds 
ATURE per square per cubic per foot 

FLUlD Fahrenheit inch feet second 

Air 165 54.7 0.236 14.] X 10“1 
Air 165 314.7 1.359 14.1 >< 10cb 
Water 68 — 62.4 6.73 X 10'”l 
Mud 6S - v5.0 336 >< 1r]-4 
Mud as V 1350 504 X 10~4 

A small spherical particle falling under the action of 
gravity through a viscous medium ultimately acquires a 
constant velocity expressed by Stokes’ Law. 

18112011 — d2) 

where 
vzvelocity (feet per second) 
g: gravitational acceleration (feet per second per 

second) 
a=radius of the sphere (feet) 
d1 :density of the sphere (pounds per cubic foot) 
[d1] d2==density of the medium (pounds per cubic 

foot) 
z_—-viscosity (pounds per foot second) 
Using nominal particle size of one-eighth inch radius, 

particle density of 158 pounds per cubic foot, drilling 
mud density of 75 pounds per cubic foot, drilling mud 
viscosity of 0.0336 pounds per footsecond, and standard 
gravitational acceleration, we have: 

2 A 

2 32'?’ 08283336‘? 75 : l9 feet per second 

v = 115 feet per minute 

In theory, the velocity of the drilling mud up the 
annular area between the drilled hole wall and the out 
side diameter of the drill pipe must exceed this velocity 
to transport the assumed spherical rock cutting particle 
out of the drilled hole. In practice, most drilled rock 
cuttings tend to be flat or [lenz-shaped] lens-shaped 
and Piggotl suggests that the probable velocity will‘be 
about 40 percent of that calculated by the above equa 
tion. This gives good agreement with nominal drilling 
mud velocities encountered in practice and Allen2 
where this velocity (called slip velocity) does not ex 
ceed 50 percent of the drilling mud annular velocity: 

v(slip): 1 15 feet per minute><40% :46 feet per 
minute 

Mud annular velocity=v(slip) 46 feet per 
minule><2=92 feet per minute 

Stokes’ law is applicable to viscous ?uids only and can 
not be applied to gaseous ?uids. Even for high density 
air ( 314.7 pounds per square inch absolute pressure) the 
velocity becomes: 

2§32.2)§0.0l04)2§l58 — 1.359) _ v = gall 3M1) = 8598 feet per second 

1' = 515880 feet per minute 



Re. 32,495 
3 

which is obviously absurd. 
Where air is the cooling, lubricating, and ?ushing 

medium Gray3 developed the following equation for 
rock cutting particle velocity (slip velocity): 

Where: 
T=Bottom hole temperature (degrees Rankine) 
PzBottom hole pressure (pounds per square inch 

absolute) 
Using the same rock particle data and air at 54.7 

pounds per square inch absolute pressure, 160° Fahren 
heit (625° Rankine) temperature, and assuming bottom 
hole pressure equal to delivered pressure: 

v _ 945630208 6251 I58) 
54,7 : 35.5 feet per second 

v : 2l30 feet per minute 

For slip velocity at 50 percent of annular velocity we 
have: 

Air Annular Velocity=V(s|ip)2l30><2=4260 feet 
per minute 

Annular fluid volume flow from: 

Where: 
Q=annular fluid volume flow (cubic feet per minute) 
V=annular ?uid velocity (feet per minute) 
A=annular area (square feet) 

For an Bl inch diameter rock bit with 5 inch outside 
diameter drill pipe, the annular area is 0.258 square feet 
and the annular ?uid volume flow will be: 

Q,,m,/=92(0.258)=23.7 cubic feet per minute 

Q,,,‘,=4260(0.258)= i099 cubic feet per minute 

These ?uid velocities and volumes are typical for mud 
and air drilling conditions. 

In this analysis, the mud and air drilling annular areas 
are equal for transporting the same size of particle. It 
should be noted, however, that the selected rock parti 
cle size is most closely related to the relatively low 
drilling penetration rates associated with mud drilling. 
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It should also be noted that the selected rock particle 
density is most closely related to that of the shales, 
limestones, and sandstones associated with petroleum 
deposits where mud drilling is practiced. In mud dril 
ling, the annular area and rock bit to hole wall clearance 
around the bit body are more than adequate. The flow 
of the incompressible mud is governed by bit nozzle 
diameters of less cross-sectional area than either the 
rock bit body clearance or the drilled hole annular area. 
Mud flow velocity through the nozzles, and therefore 
mud volume, is restricted by nozzle wear, cavitation 
effects, turbulence, pressure differentials, and available 
hydraulic horsepower. 

Generally, air drilling produces large rock particle 
sizes and high drilling penetration rates, particularly for 
blast~hole drilling in surface mining where 50 foot maxi 
mum hole depths are typical, The compressible air 
flows contracting and expanding down the drill pipe, 
through rock bit nozzles and open air passages through 
the rock bit bearings, around the bit cutting structures 
and body, and up the drill pipe annular area. The annu 
lar area is usually adequate, but the rock bit to hole wall 
clearance around the bit body is often inadequate if 
designed to mud drilling standards. Additional bit body 
clearance is required for many air drilling applications 
to permit [passages] passage of large rock particles and 
the greater volume of air required to transport the 
larger particles. Drilling penetration rates and related 
rock particle sizes commonly encountered in mud and 
air drilling are compared in Table 2. 

TABLE 2 
Penetration Rates and Common Rock Particle Sizes 

MUD 
DRILLING DRILLING CONDITIONS 

Slow Drilling Rate 
Penetration rates 
(feet per hour) 
Rock particle large 
dimensions (inches) 
Moderate Drilling Rate 
Penetration rates 
(feet per hour) 
Rock particle large 
dimensions (inches) 

Penetration rates 
(feet per hour) 
Rock particle large 
dimensions (inches) 

AIR DRILLING 

no 

t H 

30100 

>20 >100 

The volume of rock cuttings passed over the bit body 
and up the drilled hole annular area is not signi?cant for 
mud or air drilling. Table 3 shows the volume of rock 
particles removed from an 85 inch diameter hole (0.394 
square feet cross-sectional area) at various penetration 
rates. 

TABLE 3 
Volume of Rock Particles Removed 

Penetration Rate Penetration Rate Volume of Rock Removed 
(feet per hour) (feet per minute) (cubic feet per minute) 

3 0.05 0.0l9 
10 0.17 0.065 
30 0.50 0.197 
60 1.00 0.394 
100 1.67 0.652 

For a penetration rate of 160 feet per hour and using 
slip velocities equal to 50 percent of the ?uid velocities 



Re. 32,495 
5 

previously calculated (92 feet per minute for mud dril 
ling and 4260 feet per minute for air drilling), the areas 
required to transport the rock cuttings will be: 

=2. 
V 

1.051(cubic feet per minute! : 0023 Square fee‘ 
Am“ : 92 X ,5(feet per minute) 

which is less than 10 percent of the annular area (0.258 
square feet) 

l.05l(cublc feet per minute) : 00005 Square feet 
‘1” = 4260 X .5(feet per minute) 

which is less than 0.2 percent of the annular area. 
Using Gray’s equation, the larger rock particle sizes 

for moderate (8 inch rock particle large dimensions) to 
high (Q inch rock particle large dimensions) air drilling 
rates will produce a corresponding increase of one and 
one-half to two times the air velocity (6390 to 8520 feet 
per minute) and resulting air volume (1649 to 2198 cubic 
feet per minute) ?owing in the drilled hole annular area. 
Although the relatively high penetration rate air drils 

ling practices of surface mining are possible in petro 
leum drilling, the constraints of directional control, 
maintaining hole diameter for emplacing casing, and 
avoiding bit damage to preclude premature removal of 
a lengthy drill string from a deep hole dictate deliber 
ately slow drilling. In contrast, surface mining blast hole 
air drilling permits rough directional control, rough 
hole diameter control, since casing is not emplaced, and 
is virtually insensitive to bit damage and bits are drilled 
to destruction. Consequently, higher penetration rates 
and larger chips, with a corresponding requirement for 
greater clearance between the mining bit body and the 
drilled hole wall, are normal for virtually all surface 
mining air drilling relative to petroleum drilling. 
As a practical matter, the clearance between a bit 

body and the drilled hole wall cannot be greater than 
the clearance between the shoulder of the threaded 
connection at the threaded pin end of the bit. This clear 
ance is further restricted by the requirement for bit 
shirttail structural integrity, including allowances for 
lubricating and cooling passages. Using the bit cross 
sectional clearance area through the threaded jet noz 
zles relative to the drilled hole annular area we have the 
following typical ratios: 

Petroleum bit ratio=0.28 
Mining bit ratio=0.37 

Mining air drilling bit clearance areas should be at least 
37 percent of the available area and should be about 30 
percent more than that of a comparable petroleum mud 
drilling bit. 

Experience has shown that in state of the art mining 
bits, the penetration rate is slow, wear rate is rapid and 
a heightened erosion rate of the shirttail leg portion of 
each of the bits is evident. Therefore, the present inven 
tion overcomes these major problems in the mining 
industry. This is accomplished through careful removal 
of material from the shirttail portion of the rock bit, thus 
providing greater clearance so the rock chips or detritus 
may more easily pass from the borehole bottom up the 
drill string and out of the formation. 
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SUMMARY OF THE INVENTION 

It is an object of this invention to provide a mining bit 
with superior means to pass detritus from a borehole 
bottom to the surface of a formation. 
More particularly, it is an object of this invention to 

provide an air circulation mining bit that has selected 
portions of the shirttail of each of the legs of the rock bit 
removed to enhance chip removal from the borehole 
bottom. , 

This invention relates to an air circulation, air lubri 
cated rock bit commonly used in the mining industry. 
The bit consists of a rock bit body having a first cutting 
end and a second pin end, the body forming a chamber 
therein. The chamber communicates with circulation 
air through an opening formed in the second pin end of 
the bit, the pin end of course being connected to a drill 
string. At least a pair of legs extend from the rock bit 
body (there are normally three legs in a three cone rock 
bit), each leg forming a shirttail portion [in] and a 
journal bearing, each journal bearing serving to support 
a roller cutter cone at a ?rst cutting end of the bit. 
Cutting elements, such as tungsten carbide rock bit 
inserts, are positioned adjacent the largest diameter of 
each of the roller cones. These inserts serve to form the 
means to cut the gage (major diameter of the borehole) 
of a borehole in a formation. 
There is at least one nozzle formed in the dome area 

of the bit body, the nozzle being in communication with 
the chamber within the bit. The nozzle directs air past 
each roller cone into the borehole to lift detritus or rock 
chip material out of the bottom of the borehole. Relief 
means are formed in each of the legs. The relief means 
serve to pass the rock chips or detritus material from the 
borehole past the rock bit body and out of the borehole. 
An annular space is provided between an outer sur 

face of the bit body, including the leg portion and walls 
formed by the borehole. [The annular space, in a plane 
perpendicular to an axis of the bit, about adjacent an exit 
end of the nozzle, is thirty-?ve percent or more of the 
area formed by the borehole through the plane] A 
cross-sectional area in a plane perpendicular 0f the axis of 
the bit, of the [resulting] bit body clearance, measured 
through the jet nozzles about adjacent an exit end of the 
nozzles (the jet nozzles are typically threaded), exceeds 
thirty-?ve percent of the cross-sectional annular [areas 
defined by] area between the shoulder of the threaded 
pin end or connection and the drilled borehole wall and 
increases as the bit cross section approaches the shoul 
dered connection. 

Additionally, each of the legs extending from the 
rock bit include channel-type grooves on the leading 
and trailing edge of each of the legs to further enhance 
rock chip removal from the borehole by relieving fur 
ther the material of each leg of the rock bit body. 
An advantage then over state of the art rock bits is 

the removal of material from the body of the bit to 
provide greater space for the removal of rock chips 
from a borehole bottom. 
Yet another advantage over the state of the art air 

circulation rock bits is the elimination of the need to 
hardface a portion of the leg, namely the leading edge 
of the shirttail, to prevent erosion of the leg as it comes 
in contact with a borehole wall. 

Still another advantage is the elimination of the need 
to further protect the shirttail portion of the leg of a 
rock bit by embedding ?ush-type tungsten carbide in 
serts into the surface of the shirttail to further prevent 
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erosion of this portion of the rock bit as it works in a 
borehole, 
The above noted objects and advantages of the pres 

ent invention will be more fully understood upon a 
study of the following description in conjunction with 
the detailed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a typical air circula 
tion mining bit illustrating the relieved portions of the 
bit that enhance rock chip removal from the borehole 
bottom; 
FIG 2 is an illustration of one leg of a typical three 

cone rock bit partially in cross section, illustrating the 
relieved portions of the leg along the shirttail surface to 
enhance removal of rock chips; 

FIG. 3 is a side view ofone leg ofa rock bit, illustrat 
ing the relieved portions of each leg to enhance chip 
removal; and 
FIG. 4 is a view taken through 4——4 of FIG. 1, illus~ 

trating the annular hole wall clearance between the 
borehole wall and the bit body. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS AND BEST MODE FOR 
CARRYING OUT THE INVENTION 

With reference now to FIG. 1, the rock bit, generally 
designated as 10, is comprised of a bit body 12 having a 
cutting end 14, shown in phantom. The cutting end 14 
forms a borehole, generally designated as 32, in an earth 
formation. At the opposite end of bit body 12 is pin end 
16, adapted to be connected to a drill string 25 (shown 
in phantom) of a drilling rig. Within the bit body 12 is 
formed a chamber 13 (not shown), the chamber direct 
ing fluid, such as air, through the pin end 16 into cham 
ber 13 and out of nozzle 30 inserted through dome 19 of 
the rock bit body 12. Three legs, generally designated as 
18, extend from bit body 12. Each leg 18 forms a shirt 
tail portion 20. Shirttail portion 20 is relieved above the 
cutter cones 15 in area 28 by removing material there 
from. The shirttail then is stepped down from the cones 
toward the pin end 16 of rock bit body 12. In addition to 
relieving material from the leg in the area shown as 28, 
the leg is further reduced in size by providing a scal 
loped or concave groove 21, formed in both the leading 
edge 22 and the trailing edge 24 of the legs 18. Nor 
mally, the shirttail portion of a standard rock bit leg is 
much more massive than is shown in FIG. 1, Since the 
leg shirttail portion is nearly as large as the gage of the 
rock bit in standard bits, the shirttail needs to be pro 
tected as heretofore described. The instant invention 
circumvents the need for protection of the shirttail by 
simply removing material from the shirttail to both 
prevent erosion of the leg of the rock bit as well as 
enhance rock chip removal, the latter being the more 
important of the two. 
An annular space 36 is shown between the rock bit 

body 12 and the borehole wall 33. The annular space or 
cross-sectional area 36 through a plane 37, perpendicu~ 
lar to an axis of the bit approximately through an exit 
end of the jet nozzles 30, is at least thirty-?ve percent of 
the annular cross-sectional area [formed by] de?ned 
by the shoulder of the threaded pin end or connection and 
the wall of the borehole 32 [through the plane 37]. 
Turning now to FIG. 2, the leg portion is shown in a 

borehole 32. Cone 15 is illustrated in contact with the 
bottom of the borehole and, as the roller cone rotates in 
the borehole bottom, the cutting elements (tungsten 
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8 
carbide inserts 23) scrape, gouge, and crush the forma 
tion, thus creating detritus or rock chips 34 which must 
be removed from the borehole bottom. In mining bits, 
air is used as both a bit lubricant and a means to remove 
detritus from the borehole bottom. Air is directed 
through the nozzle 30 (FIG. 1) toward the borehole 
bottom and the rock chips 34 are blown out of the bore 
hole bottom past the bit body and up the borehole 32. 
The rock bit leg then is relieved by removing material 
from the shirttail 20 in the area indicated as 28 and by 
providing a concave groove 21 in the leading and trail~ 
ing edges 22 and 24 of the leg 18 of the rock bit body 12, 
Detritus 34 than easily pases by the cutter cones 15, past 
the bit body 12 and up the borehole, being enhanced by 
the relieved portions in both the shirttail surface and the 
leading and trailing edges of the leg 18 of the bit 10. 
With reference now to FIG. 3, the bit body 12, being 

turned 90° from FIG. 2, further illustrates the areas of 
the leg 18 which are removed, namely the stepped area 
28 of the shirttail portion 20 and the scalloped grooves 
21 along the leading edge 22 and trailing edge 24. 
Turning now to FIG. 4, the annular space 36 through 

plane 37 de?nes a cross-sectional area at least thirty-?ve 
to thirty-seven percent of the annular cross-sectional 
area [formed by] de?ned by the shoulder of the threaded 
pin end or connection and the walls 33 of the borehole 32. 
The cross-hatched portion of the illustration represents 
each of the legs that support cutter cones 15. As hereto 
fore mentioned, jet air nozzles 30 direct compressed 
gaseous ?uid toward the borehole bottom to lift vari 
ously sized detritus out of the borehole. 

This relatively simple procedure produced a dra 
matic increase in borehole penetration in the mining 
?eld. For example, recent tests have revealed a standard 
6% inch mining bit, without chip relief, would normally 
out 2500 feet of earth formation. A 6% inch bit with chip 
removal features as taught in this invention, in the very 
same formation, out 4500 feet of earth formation, result 
ing in a 77% increase in rock bit performance. Several 
bits were run to con?rm this phenomenal increase in 
rock bit penetration with an average increase in perfor 
mance of about 75% overall. This indeed is a new and 
unusual result from a rock bit modi?cation, especially in 
air circulation mining bits. Field reports have shown 
that chip grooves, such as the scalloped grooves 21 in 
leading edges 22 and trailing edges 24 of the rock bit, 
adds signi?cantly to chip flow with increased bit life 
and performance. It was also con?rmed that the chip 
relief is equally effective for milled tooth and tungsten 
carbide insert bits, the latter being illustrated in the 
instant invention. Field engineers have observed that 
when large rock bit stabilizers are attached to the rock 
bits, the diameter of the stabilizer being near the diame 
ter of the borehole, rock chip removal is again inhibited, 
even with a bit with chip relief. This observation con 
?rmed that rock chips or detritus is reground over and 
over again to enable them to ?nally pass by the large 
diameter stabilizer. Where stabilizers are used in con 
junction with air circulation bits with chip relief, the 
diameter of the stabilizer must be reduced accordingly 
to complement the modi?ed bit and its greater capacity 
to pass detritus material thereby. Where this practice is 
followed, a 75% increase in bit performance can be 
expected. Air flow through an air circulation bit must 
have a clear path of escape once it passes through the 
nozzles 30 of the rock bit. Free flow of air is needed if 
remilling or recutting of the chips is to be prevented. 
Engineering tests con?rm that mining bits, as modi?ed 
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by the teachings of this invention, do indeed exhibit 
increased rock bit penetration rates. The life of the 
cutting end of the bit is prolonged with a more ef?cient 
means to remove more and larger detritus from the 
borehole bottom, thus contributing to the phenomenal 
increase in rock bit efficiency and performance. 
Chip relief for sealed bearing rock bits used in the 

oil?eld will enhance their performance as well. Detritus 
material washed out of the bottom of a borehole by 
drilling mud will more easily pass by the bit with chip 
relief. 

It will of course be realized that various modi?cations 
can be made in the design and operation of the [pre 
send] present invention without departing from the 
spirit thereof. Thus, while the principal preferred con 
struction and mode of operation of the invention have 
been explained in what is now considered to represent 
its best embodiments, which have been illustrated and 
described, it should be understood that within the scope 
of the appended claims, the invention may be practiced 
otherwise than as speci?cally illustrated and described. 
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I claim: 
1. An air circulation, air lubricated, roller cone rock 

bit comprising: 
a rock bit body having a ?rst cutting end and a sec 
ond threaded pin end having a shoulder, said body 
forming a chamber therein, said chamber commu 
nicates with said circulation air through an opening 
formed in said second pin end, said pin end being 
connected to a drill string, 

at least a pair of legs extending from said bit body, 
each leg forming a shirttail portion and a bearing, 
each bearing serves to support a roller cutter cone 
at said ?rst cutting end of said bit, cutting elements 
adjacent the largest diameter of each roller cone 
form a gage of a borehole in a formation, 

at least one nozzle formed in said bit body in commu 
nication with said chamber, said nozzle directs air 
past each roller cone into said borehole to lift detri 
tus material out of the bottom of the borehole, and 

relief means formed by said legs, said relief means 
serves to pass said detritus material from the bot 
tom of said borehole by the rock bit body and out 
of said borehole by providing an annular space 
between an outer surface of said legs and walls 
formed by said borehole, said annular space, in a 
plane perpendicular to an axis of said bit, about 
adjacent an exit end of said at least one nozzle, is 
thirty-?ve percent or more of the annular area 
[formed by] between the shoulder of the threaded 
pin end and the walls of said borehole [through said 
plane], said annular space progressively enlarges 
in perpendicular planes between said exit end of 
said at least one nozzle and a shoulder formed in 
said bit body, said shoulder forms a thread termina 
tion base end for said second threaded pin end of 
said rock bit. 
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2. An air circulation, air lubricated, roller cone rock 
bit comprising: 

a rock bit body having a first cutting end and a sec 
ond threaded pin end, said body forming a chamber 
therein, said chamber communicates with said cir 
culation air through an opening formed in said 
second pin end, said pin end being connected to a 
drill string, 

at least a pair of legs extending from said bit body, 
each leg forming a shirttail portion and a bearing, 
each bearing serves to support a roller cutter cone 
at said ?rst cutting end of said bit, cutting elements 
adjacent the largest diameter of each roller cone 
form a gage ofa borehole in a formation, 

at least one nozzle formed in said bit body in commu 
nication with said chamber, said nozzle directs air 
past each roller cone into said borehole to lift detri 
tus material out of the bottom of the borehole, and 

relief means formed by said legs, said relief means 
serves to pass said detritus material from the bot 
tom of said borehole by the rock bit body and out 
of said borehole by providing an annular space 
between an outer surface of said legs and walls 
formed by said borehole, said annular space pro< 
gressively enlarges in perpendicular planes be 
tween said exit end of said at least one nozzle and a 
shoulder formed in said bit body, said shoulder 
forms a thread termination base end for said second 
threaded pin end of said rock bit, said relief means 
formed by said legs include channel grooves 
formed in the sides of the leg in a leading edge and 
a trailing edge of said shirttail portion of said leg, 
said relief means formed by said legs further in 
clude a space formed between said shirttail portion 
of each of said legs and said wall of said borehole, 
said space is formed by relieving the surface of said 
shirttail substantially paralleling said borehole wall, 
said leading and trailing edge grooves and said 
relieved portion of said shirttail portion paralleling 
said borehole wall serve to enhance the removal of 
relatively large detritus material from the bottom 
of said borehole, a cross~sectional area of said annu 
lar space measured in a plane through said at least 
one [or more] nozzle exceeds thirty-?ve percent 
of the cross-sectional annular space [de?ned by] 
between said shoulder of the second threaded pin 
end and the borehole wall [and increases as the bit 
cross section approaches said shoulder of said sec 
ond pin end of said bit]. 

3. An air circulation, air lubricated roller cone rock bit 
comprising: 

a rock bit body having a first cutting end and a second 
threaded pin end for connection to a drill string; 

a shoulder on the bit body forming a thread termination 
base for the second threaded pin end of the rock bit,‘ 

an interior chamber in the body communicating with 
circulation air from the drill string through an open 
ing formed in the second pin end of the bit body; 

at least a pair of legs extending down wardly from the bit 
body, each leg including a shirttail portion at the 
outside of the bit body and adjacent to the wall of a 
bore hole drilled by such a rock bit, each leg also 
comprising a bearing supporting a roller cutter cone at 
the ?rst cutting end of the bit, such a roller cone 
including cutting elements adjacent to the largest 
diameter of the roller cone for forming the gage of a 
bore hole drilled by such a rock bit,’ 



Re. 32,495 
11 

at least one air nozzle in the bit body in communication 
between the chamber and the exterior of the bit body 
for directing air past each roller cone into a bore hole 
to lift detritus material out ofthe bottom of the bore 
hole,‘ and 

an annular space between the outer surface of the bit 
body and walls formed by such a bore hole drilled by 
the rock bitfor passing the detritus materialfrom the 
bottom ofthe bore hole past the rock bit body and out 
ofthe bore hole, the cross-sectional area ofthe annular 
space between the outside surface of the rock bit body 
and the walls oflhe borehole in a plane at the exit end 
of such a nozzle being at least 35% of the cross-sec 
tional area ofthe annular area between said shoulder 
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12 
of the threaded pin end and the bore hole wall, the 
cross-sectional area of the annular space progressively 
increasing in successive planes perpendicular to the 
axis of the rock bit from a lower portion of the shirttail 
to the shoulder. 

4. A rock bit as recited in claim Jfurther comprising a 
longitudinally extending channel groove in each of the 
leading edge and trailing edge of the shirttail portion of 
each leg. 

5. A rock bit as recited in claim 4 wherein each of the 
channel grooves progressively increases in size from the 
lower end of the shirttoil portion toward the pin end of the 
rock bit. 


