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57) ABSTRACT 

A rotary drill bit having cutters expanded outwardly to 
drill a hole substantially greater in diameter than the 
maximum effective diameter of the bit with its cutters 
fully retracted. The cutters are mounted on expanda 
ble and retractable supporting members spaced cir 
cumferentially around the bit, each supporting 
member having a cluster of cutters mounted thereon, 
the cutters in each cluster being circumferentially or 
radially spaced from each other, the cutters collective 
ly cutting upon a formation shoulder in non-tracking 
relation. The tool is locked hydraulically with its cut 
ters in a retracted position, and is unlocked to permit 
expansion of the cutters by fluid pressure. Air circu 
lated down the outside of the tool aerates a liquid 
column within the tool and in the drill pipe connected 
to the tool, causing the greater hydrostatic head of 
fluid externally of the bit and drill pipe to flow across 
the bottom of the hole toward its axis to flush the hole 
bottom of cuttings, clean and cool the cutters, and 
carry the cuttings through the tool and drill pipe to a 
suitable discharge point above the top of the hole. 

29 Claims, 8 Drawing Figures 
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3,684,041 
1. 

EXPANSIBLE ROTARY DRILLBT 

The present invention relates to rotary drill bits, and 
more particularly to rotary drill bits having expansible 
cutters for enlarging the diameters of bore holes. 

Rotary drill bits having expansible cutters are used 
for passing through a bore hole casing, or into an open 
bore hole of a particular diameter, and of substantially 
enlarging the bore hole to another desired diameter. 
Difficulties have heretofore been encountered in 
providing expansible drill bits which are capable of en 
larging holes of relatively large diameter to still sub 
stantially greater diameters. A multiplicity of rotary 
cutters has been used for performing a drilling action 
upon a transverse formation shoulder, or annular step, 
between the wall of the original hole and the wall of the 
enlarged hole, each cutter being mounted upon an in 
dividual supporting arm or member pivotally carried by 
the main body of the bit for outward movement from 
retracted to expanded positions to correspondingly 
shift the cutter carried thereby outwardly. The number 
of cutters and supporting arms or members could be 
reduced through use of larger diameter cutters. How 
ever, there is an optimum size that can be used, which, 
for example, may be about 10 to 11 inches in diameter, 
cutters larger than such size becoming inefficient and, 
therefore, uneconomical. Because of the many cutters 
required to effectively cover the formation shoulder of 
relatively large area and radial extent, a cor 
respondingly great multiplicity of cutter supporting 
members were required, which limited the number of 
arms and cutters that could be carried by the body 
structure for movement between retracted and ex 
panded positions so that the cutters would be operable 
on the same formation shoulder. This limitation neces 
sitated the provision of sets of arms and cutters longitu 
dinally spaced from each other, the sets of cutters being 
expanded outwardly to progressively increased extents 
in upward sequence to enlarge the bore hole in stages 
or steps to the required final diameter. Accordingly, 
the prior expansible rotary drill bits were of extended 
length, possessed of a large number of parts, and com 
paratively complex and costly. 
By virtue of the present invention, a rotary drill bit of 

the expansible type is provided, which is capable of en 
larging a comparatively large diameter hole, for exam 
ple, about 5 feet in diameter, to a substantially greater 
diameter, for example, about 8 feet, a relatively small 
number of cutter supporting members being used, all 
disposed in substantially the same transverse plane of 
operation, each supporting member carrying a mul 
tiplicity or cluster of cutters for collective operation 
upon substantially the entire area of the formation 
shoulder. The clustered cutters are preferably mounted 
in such manner as to be in non-tracking relation with 
respect to each other upon the formation shoulder. The 
rotary drill bit provided is of much shorter length than 
prior devices, embodying fewer parts. It is easier to as 
semble and dismantle and is more economical to manu 
facture. Each cutter and each cluster of cutters is 
replaceable, when worn, in a relatively simple and ex 
peditious manner. 
The supporting members and cutters of the expansi 

ble rotary drill bit are prevented from being expanded 
outwardly of the main body of the bit by a hydraulic 
lock, which is released when desired. Expansion of the 
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2 
supporting members and cutters occurs through use of 
compressed air, or other gaseous medium, as a motivat 
ing fluid, the compressed air also being used for effect 
ing elevation of the cuttings produced by the cutters 
through the tool and drill pipe connected thereto to a 
desired disposal area. 

This invention possesses many other advantages, and 
has other purposes which may be made more clearly 
apparent from a consideration of a form in which it 
may be embodied. This form is shown in the drawings 
accompanying and forming part of the present specifi 
cation. It will now be described in detail, for the pur 
pose of illustrating the general principles of the inven 
tion; but it is to be understood that such detailed 
description is not to be taken in a limiting sense. 

Referring to the drawings: 
FIG. 1 is a side elevational view, parts being shown in 

section, of a rotary drill bit embodying the invention 
disposed in a subaqueous bore hole, the cutters and the 
supporting members in which they are mounted being 
disposed in retracted position; 

FIG. 2 is a partial longitudinal section, on an en 
larged scale, through the drill bit illustrated in FIG. 1; 

FIG. 3 is an enlarged section taken along the line 3 
3 on FIG. 1; 

FIG. 4 is an enlarged section taken along the line 4 
4 on FIG.1; 

FIG. 5 is a side elevational view of the drill bit, with 
its cutter supporting members and cutters in expanded 
position for enlarging the diameter of the bore hole; 

FIG. 6 is an enlarged fragmentary section of a por 
tion of the apparatus disclosed in FIG.5; 

FIG. 7 is a cross-section taken along the line 7-7 on 
FIG.5; 

FIG. 8 is an enlarged bottom plan view of a cluster of 
cutters mounted on the lower end of a supporting 
member. 
A rotary expansible drill bit A is secured to the lower 

end of a rotary drill pipe string B extending upwardly to 
a drilling rig (not shown). As specifically illustrated, 
the drill bit is lowered through a bore hole C drilled 
downwardly from an ocean or sea floor D, the drill bit 
being of the expansible type so as to enlarge the diame 
ter of the bore hole C. The rotary drill bit is particularly 
designed for enlarging bore holes of relatively large 
diameters. 
The upper portion of the rotary drill bit consists of a 

tubular mandrel 10 that includes an upper kelly section 
11 provided with an external flange 13 suitably bolted 
to a companion flange 14 at the lower end of a tubular 
adapter structure 15, the upper end of this structure 
having a flange 16 adapted to be bolted, or otherwise 
suitably secured, to the lower end 17 of the rotary drill 
pipe string B that extends upwardly through the water 
to the drilling rig used for rotating the apparatus and 
for imposing appropriate drilling weight thereon. The 
lower portion 18 of the kelly or upper mandrel section 
11 is slidably splined to a body structure 19 of the drill 
bit, by making such lower portion of the kelly non-cir 
cular in external shape, which fits within a companion 
non-circular bore 20 of a companion section 21 of the 
body structure, the mandrel 10 and body structure 19 
being longitudinally shiftable with respect to each 
other, with rotary motion and torque being transmitta 
ble from the kelly to the body structure. 
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The body structure includes an upper cylinder por 
tion 22 that has a lower cylinder head 23 at the upper 
end of the torque drive section 21 of the body struc 
ture, and into which the kelly 11 is slidably splined. The 
lower head 23 of the cylinder is secured to a cylinder 
skirt 24 in any suitable manner, as by means of screws 
25, a gasket between the lower end of the sleeve and 
head preventing leakage therebetween. The upper end 
of the cylinder sleeve is suitably secured, as by the use 
of welding material 26, to an upper head 27 that ex 
tends inwardly to the cylindrical portion 28 of the kelly 
section. Leakage of fluid between the upper head and 
kelly is prevented by a suitable side seal ring 29 in the 
upper head slidably and sealingly engaging the kelly 
periphery 28. Similarly, leakage of fluid between the 
lower head 23 and cylindrical perimeter 28 of the kelly 
is prevented by one or more side seal rings 30 in the 
head slidably and sealingly engaging against the kelly. 
The sleeve 24 is laterally spaced from the periphery 

28 of the kelly to define an annular cylinder space 31 
therebetween, which is divided by a piston 32 secured 
to the kelly into an upper pressure expander chamber 
33 and a lower lock chamber 34. The piston is secured 
to the kelly by longitudinally spaced snap rings 35 
disposed in kelly grooves 36 and engaging upwardly 
facing and downwardly facing surfaces of the piston 32, 
fluid leakage between the piston and kelly being 
prevented by a suitable side seal ring 37 in the kelly en 
gaging the inner periphery of the piston. Similarly, 
leakage of fluid between the exterior of the piston and 
the cylinder sleeve 24 is prevented by a suitable piston 
or seal ring 38 on the piston slidably and sealingly en 
gaging the inner wall of the cylinder skirt. 
The mandrel 10 includes a lower section 39, which is 

swively connected to the kelly section 11 thereabove 
by means of a split ring 40 received within a peripheral 
groove 41 in the lower mandrel section and which un 
derlies and engages a downwardly facing kelly shoulder 
42. A split ring 43 is received within an inner circum 
ferential groove 44 in the kelly which underlies the 
other ring 40, the kelly ring being retained in its groove 
and in underlying relation to the other ring by a sleeve 
45 encircling the lower member 39 and disposed be 
hind the kelly ring 43, downward movement of this 
sleeve being prevented by one or a plurality of screws 
46 threaded into the lower mandrel section 39 and un 
derlying the retainer ring 45. The lower mandrel sec 
tion 39 extends into a cutter supporting body section 
47 which is suitably secured, as by means of bolts or 
screws 48, to the torque drive body section 21, the 
lower end of the lower mandrel section being telescopi 
cally arranged within a lower body section 49 suitably 
secured to the cutter supporting section 47 by one or a 
plurality of bolts or screws 50. This lower section has a 
bottom flange 51 to which the upper flange 52 of a 
suitable rotary drill bit E can be secured by bolts 53, or 
the like, the lower body section having a central 
passage 54 therethrough communicating with a central 
passage 55 in the lower drill bit which opens into the 
bore hole C therebelow. The body of the lower drill bit 
E has a plurality of cutters 56 thereon to cover the en 
tire bottom area of the bore hole to drill the same. The 
disposition of the cutters 56 on the lower drill bit forms 
no part of the present invention, and for that reason is 
not illustrated. A very large number of the cutters 56 
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4 
secured to the body of the lower drill bit are not illus 
trated in the interest of clarity. It is sufficient to note 
that the lower drill bit will drill the bore hole C to an in 
itial diameter, such as illustrated in FIG. 1 of the 
drawings. 
The body structure has a plurality of expansible parts 

mounted on it, including cutter supporting members 57 
spaced circumferentially around the body structure, 
each cutter supporting member being pivotally 
mounted in a body slot 58 on a hinge pin 59 secured to 
the cutter mounting body section 47. As shown, the 
sides of each slot are provided by vertically disposed 
parallel side plates 60 welded, or otherwise suitably 
secured, to the upper and lower flanges of the body sec 
tion 47, the cutter supporting member or arm 57 being 
slidable along such side plates so that torque can be 
transmitted from the body structure 19 to the cutter 
supporting member. Each supporting member or arm 
has stop elements 61 secured to its sides that are en 
gageable with companion stop elements 62 on the ver 
tical side plates, to limit the maximum extent of out 
ward expansion of the supporting members. 
Each cutter supporting member 57 terminates at its 

lower end in a mounting base 63 extending transversely 
beyond the sides of the supporting member thereabove. 
Secured to each mounting base, as by means of 
threaded studs 64, or the like, are a plurality of mount 
ing heads 65 from which arms 66 depend having bear 
ing supporting pins 67 extending inwardly thereof, on 
each of which a roller cutter 68a, 68b, 68c or 68d is 
rotatably mounted, in a known manner. As disclosed, a 
cluster of cutters 68a, 68b, 68c, 68d is carried by each 
supporting member 57, the cutters being individually 
rotatably about their supporting bearings 67, some of 
the cutters 68a, 68b and 68c, 68d being radially spaced 
from each other, some cutters, such as 68a, 68c and 
68b, 68d also being circumferentially spaced from one 
another. The arrangement is such that a relatively large 
number of cutters can be carried by each supporting 
arm, and yet the supporting arms 57 and their cutters 
can be substantially fully nested within the confines of 
the body structure 19 when in a retracted position. 
When expanded outwardly, the sets of cutters will col 
lectively operate upon the entire annular formation 
shoulder S that will be produced in the bore hole as a 
result of outward expansion and rotation of the sup 
porting members and cutters, the cutters in each set 
being differently arranged on each supporting arm so 
that the cutters do not track one another upon the for 
mation shoulder. As shown, the cutters 68a, 68b of 
each set rotate about axes lying in a radial plane 
through the bit axis angularly displaced with respect to 
the radial plane in which the rotational axes of the cut 
ters 68c, 68d lie. Moreover, the radial spacing between 
the cutters 68a, 68b is substantially smaller than the 
radial spacing between the cutters 68c, 68d. The cut 
ters extend different radial distances from the bit axis 
to assure coverage of the full shoulder S by the cutters. 
With a minimum number of supporting members and 
by virtue of the use of a cluster of cutters carried by 
each supporting member, a large increase in bore hole 
diameter can be secured with respect to a large diame 
ter initial bore hole C using a limited number of cutter 
supporting members 57, which all operate substantially 
in substantially the same plane. 
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The cutter supporting members 57 and cutter 
68a-68 carried thereby tend to occupy a retracted 
position substantially entirely within the confines of the 
body structure 19 of the expansible bit. These cutter 
supporting members and cutters are expandable out 
wardly to enlarge the diameter of the well bore H and 
to operate upon the formation shoulder S that the cut 
ters produce in the latter as a result of their outward ex 
pansion. To accomplish the expansion, each cutter sup 
porting member 57 has an inclined expander surface 70 
on its inner portion below the hinge pin 59 which tapers 
in a downward and inward direction. Each expander 
surface terminates in a lock surface 71 formed on the 
cutter supporting member. The outward expansion is 
accomplished by producing relative longitudinal move 
ment between the mandrel 10 and the body structure 
19, which will produce corresponding relative longitu 
dinal movement between the cutter supporting mem 
bers 57 and lock and expander sections 72 formed on 
the lower mandrel section 39 projecting outwardly into 
the mandrel slots 58. The lock and expander portions 
are adapted to engage the expander surfaces 70 and the 
lock surfaces 71. Upon relative downward movement 
of the lock and expander portions 72 along the cutter 
supporting members, they engage and slide 
downwardly along the expander surfaces 70, shifting 
the supporting members 57 and cutters 68-68d out 

10 

15 

20 

25 

wardly while the expansible rotary drill bit A is being 
rotated by the string of drill pipe B, the outermost cut 
ters 68a digging into the formation wall to effect an en 
largement of the hole diameter. Outward expansion 
continues until the lower end 11a of the kelly 11 bot 
toms against a wear plate 75 clamped between the 
lower and upper ends of the torque and cutter mount 
ing body sections 21, 47, at which time lock surfaces 76 
on the members 72 will be disposed behind their com 
panion lock surfaces 71 on the supporting members 57, 
further outward expansion of the supporting members 
being prevented by engagement of their stop shoulders 
61 with companion shoulders 62 on the vertical plates 
60 of the body section 47. 

Relative longitudinal movement between the man 
drel 10 and body structure 19 is initially prevented by 
disposing the mandrel in its uppermost position with 
respect to the body structure, the piston 32 engaging 
the upper cylinder head 27, and the lock chamber 34 
being filled with sea water, or other liquid, retained 
therein, but which can be permitted to bleed therefrom 
by opening a suitable valve 80 secured to the lower 
head and which communicates with the lock chamber. 
Assuming that the liquid in the lock chamber 34 has 
been permitted to bleed therefrom, a suitable fluid 
medium, such as compressed air, or other compressed 
gas, is forced through a compressed air line 81 extend 
ing downwardly from the drilling rig and along the drill 
pipe B, this air line communicating with a pipe 82 con 
nected to the upper head 27 and which communicates 
with the pressure expansion chamber 33. Air under 
pressure will enter the expansion chamber, acting upon 
the upper cylinder head 27 and elevating the body 
structure 19 along the mandrel 10 while the drill pipe B 
and body structure are rotated, the rotation of the body 
structure being transferred through the plates 60 to the 
cutter supporting members 57 to rotate the latter and 
their cutters 68a-68d in the bore hole, to effect cutter 
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6 
expansion and the production of the formation 
shoulder S, as described above. Once the cutter sup 
porting members and cutters have been expanded out 
wardly to their maximum extent, drilling weight is 
transmitted through the string of drill pipe B to the 
mandrel 10, from the lower end 11a of the mandrel 
kelly to the body structure, this drilling weight passing 
through the stop shoulders 62,61 to the cutter support 
ing members 57 and cutters 68a–68d which are bearing 
upon the formation shoulder S while the apparatus is 
being rotated by the drill string. 
The cuttings produced by the cutters are circulated 

from the bore hole by compressed air pumped down 
the same line 81 that conducts air to the pressure 
chamber 33, as well as through one or more other com 
pressed air lines 81a extending downwardly along the 
drill pipe. Thus, a compressed air line 83 extends from 
the branch 82 leading to the pressure chamber, this line 
extending downwardly along the body structure and 
communicating with a radial air inlet port 84 in the 
lower body section below the expansible cutters, the air 
discharging therefrom through orifices 85 into the cen 
tral passage 54 in the lower body section 49, which 
communicates with the tubular mandrel 10 and the ro 
tary drill pipe B thereabove. Similarly, the other com 
pressed air line 81a extends downwardly along the ap 
paratus and communicates with an air inlet port 84 that 
opens through orifices 85 into the central passage 54. 
The pumping of air through the lines into the central 
passage will aerate or lighten the liquid column in the. 
central passage through the apparatus A and in the ro 
tary drill pipe string B, causing the water in the well. 
bore, such as the ocean water, surrounding the ap 
paratus and the drill pipe to flow downwardly around 
the exterior of the apparatus to the lower drill bit E, 
and then upwardly through the central passages 55, 54, 
flushing the cuttings in the bore hole produced by the 
expandable cutters 68a-68d toward the axis of the ap 
paratus, and then conveying them upwardly at a sub 
stantial velocity through the central passages 55, 54, 
mandrel 10 and the string of drill pipe B to the drilling 
rig for suitable disposal. 
The bleeder valve 80 is disclosed only diagrammati 

cally since its specific details from no part of the 
present invention. It is sufficient to state that such valve 
is remotely controlled from the drilling rig, being 
closed when the cutters and supporting members 57 
are in retracted position with the lock chamber 34 
filled with sea water or other liquid. All of the com 
pressed air pumped down through the air lines 81, 81a. 
discharge into the central passage 54 to aerate and thus 
lighten the fluid column in the bit A, as well as in the 
drill pipe B, so that the cuttings in the well bore can be 
flushed upwardly through the bit and drill pipe. 
With the apparatus disclosed, the expansible drill bit 

portion A is retained locked in its retracted condition 
and the initial diameter of bore hole C can be drilled 
commencing from the ocean floor D by the lower drill 
bit E, while compressed air is being pumped down 
through the lines 81, 81a, the cuttings being carried up 
wardly through the central passages 55, 54, mandrel 10 
and drill pipe B. When the hole has been drilled to the 
desired depth, the apparatus can be elevated to a loca 
tion at which enlargement of the bore hole is to com 
mence, whereupon the bleeder valve 80 is opened to 
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allow discharge of the locking liquid from the lock 
chamber 34, compressed air entering the upper pres 
sure chamber 33 to elevate the body structure 19 with 
respect to the mandrel 10 while the rotary drill string B 
and body structure are rotated, the expander surfaces 
70 on the cutter supporting members 57 engaging the 
lock and expander 72 and being gradually expanded 
outwardly while the rotation of the apparatus con 
tinues, so that the cutters 68a enlarge the hole to a 
greater diameter H, the extent of enlargement being 
determined by engagement of the stop shoulders 61 on 
the supporting members with the companion stop 
shoulder 62 of the body structure, at which time the 
lock portions 76 of the lock and expander members are 
disposed behind the lock surfaces 71 to prevent the 
supporting members and cutters from being moved in 
wardly. When the well bore H has been enlarged to the 
required diameter, as determined by the extent of out 
ward expansion of the supporting members and cutters, 
downward drilling weight is imposed on the drill pipe B 
and mandrel 10 which is transmitted to the body struc 
ture 19, cutter supporting members 57 and cutters 68a, 
68d, the drill pipe being rotated to rotate the apparatus. 
At the same time, compressed air is flowing through the 
lines 81, 81a, 83 and discharging into the central 
passage 54, aerating the liquid column therein and in 
the drill pipe so that the sea water flushes the cuttings 
produced to the lower end of the passage 55 and up 
wardly therethrough for conveyance to the drilling rig, 
or other suitable location above the ocean floor. The 
hole enlarging operation continues until the well bore 
H has been enlarged downwardly to the desired lon 
gitudinal extent. 
The apparatus can now be retracted by ceasing 

pumping of air through the line 81 and elevating the 
string of drill pipe B, which will pull the mandrel 10 up 
wardly to dispose the lock and expander elements 72 
above the expander surfaces 70, these lock elements 
engaging fingers 90 on the supporting members 57 ex 
tending inwardly from the pivot pins 59, so as to swing 
such fingers inwardly and the supporting arms and cut 
ters below the hinge pins inwardly to their fully. 
retracted position. The apparatus can now be elevated 
and removed from the bore hole. 

In the event that any of the cutters 68a-68 d becomes 
worn, such cutter is readily replaced by removing the 
head 65 from the mounting base 63 of the supporting 
arm through removal of the studs 64, a new cutter and 
head assembly being substituted in its place and 
secured to the mounting base. 

In the event that the initial bore hole C has previ 
ously been drilled, the lower drill bit Eneed not be used 
at all, the apparatus A being lowered by the drill pipe B 
into the bore hole to the location at which the hole en 
larging operation is to commence, after which the sup 
porting members 57 and cutters 68a–68d are expanded 
outwardly and the hole enlarged to the desired extent, 
in the manner described above, the supporting mem 
bers and cutters being retracted by picking up on the 
mandrel 10, the lock and expanders 72 engaging the 
fingers 90 to swing the supporting members and cutters 
inwardly. 
We claim: 
1. In a rotary drill bit to be lowered in a bore hole: a 

main body; means for rotating said body; circum 
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8 
ferentially spaced supporting members mounted on 
said body for expansion laterally outwardly of said 
body and for rotation with said body; a plurality of 
roller cutters carried by each supporting member for 
enlarging the diameter of the bore hole and thereby 
produce a transverse shoulder therein and for opera 
tion upon the transverse formation shoulder; some of 
the cutters carried by each supporting member being 
circumferentially spaced from each other, some of the 
cutters carried by each supporting member being 
laterally spaced from each other; and means operable 
while said main body, supporting members and cutters 
are being rotated by said rotating means for expanding 
said supporting members and cutters carried thereby 
laterally outwardly of said body for enlarging the bore 
hole diameter and for operation of said cutters upon 
the transverse formation shoulder. 

2. In a rotary drill bit as defined in claim 1; said cut 
ters laterally spaced from each other being rotatable 
about axes lying in a plane radial of the longitudinal 
axis of said body. 

3. In a rotary drill bit as defined in claim 1; one of 
said cutters carried by each supporting member ex 
tending laterally outwardly beyond said supporting 
member for engagement with the wall of the bore hole 
to enlarge the bore hole and cut the transverse shoulder 
therein upon lateral outward expansion of said support 
ing members and cutters. 

4. In a rotary drill bit as defined in claim 1; and 
detachable means mounting each roller cutter in 
dividually on the lower end of its supporting member. 

5. In a rotary drill bit as defined in claim 1; said cut 
ters longitudinally spaced from each other being rotata 
ble about axes lying in a plane radial of the longitudinal 
axis of said body; one of said cutters carried by each 
supporting member extending laterally outwardly 
beyond said supporting member for engagement with 
the wall of the bore hole to cut the transverse shoulder 
therein upon lateral outward expansion of said support 
ing members and cutters. 

6. In a rotary drill bit as defined in claim 1; said cut 
ters laterally spaced from each other being rotatable 
about axes lying in a plane radial of the longitudinal 
axis of said body; one of said cutters carried by each 
supporting member extending laterally outwardly 
beyond said supporting member for engagement with 
the wall of the bore hole to enlarge the bore hole and 
cut the transverse shoulder therein upon lateral out 
ward expansion of said supporting members and cut 
ters; and detachable means mounting each roller cutter 
individually on the lower end of its supporting member. 

7. In a rotary drill bit as defined in claim 1; a first plu 
rality of said cutters carried by each supporting 
member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body, said first and second planes being ar 
cuately displaced from each other. 

8. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
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by each supporting member for operation upon a trans 
verse formation shoulder in the bore hole; some of the 
cutters carried by each supporting member being cir 
cumferentially spaced from each other, some of the 
cutters carried by each supporting member being 
laterally spaced from each other; and means for ex 
panding said supporting members and cutters carried 
thereby laterally outwardly of said body for operation 
of said cutters upon the transverse formation shoulder; 
a first plurality of said cutters carried by each support 
ing member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body; said first and second planes being ar 
cuately displaced from each other, the lateral spacing 
between said first plurality of cutters being substan 
tially greater than the lateral spacing between said 
second plurality of cutters. 

9. In a rotary drill bit to be lowered in a bore hole: a 
main body; means for rotating said body; circum 
ferentially spaced supporting members pivotally 
mounted at their upper portions on said body for ex 
pansion laterally outwardly of said body and for rota 
tion with said body; each supporting member having a 
lower mounting base portion extending transversely in 
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opposite directions substantially beyond the sides of 30 
the portion of the supporting member thereabove; a 
plurality of roller cutters for each supporting member 
for enlarging the diameter of the bore hole and thereby 
produce a transverse shoulder therein and for opera 
tion upon the transverse formation shoulder; a head for 
each cutter; means secured to each head rotatably 
mounting a cutter; and means for securing each head to 
the bottom of said base portion with its roller cutter 
below said base portion; said heads and cutters being so 
carried by said base portion that some of the cutters are 
circumferentially spaced from each other, some of the 
cutters being laterally spaced from each other; and 
means operable while said main body, supporting mem 
bers and cutters are being rotated by said rotating 
means for expanding said supporting members and cut 
ters laterally outwardly of said body for enlarging the 
bore hole diameter and for operation of said cutters 
upon the transverse formation shoulder in the bore 
hole. 

10. In a rotary drill bit as defined in claim 9; a first 
plurality of said cutters carried by each supporting 
member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body; said first and second planes being ar 
cuately displaced from each other. 

11. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers pivotally mounted at their upper portions on said 
body for expansion laterally outwardly of said body; 
each supporting member having a lower mounting base 
portion extending transversely in opposite directions 
substantially beyond the sides of the portion of the sup 

35 

40 

45 

50 

55 

60 

65 

10 
porting member thereabove; a plurality of roller cutters 
for each supporting member; a head for each cutter; 
means secured to each head rotatably mounting a 
cutter; and means for securing each head to the bottom 
of said base portion with its roller cutter below said 
base portion; said heads and cutters being so carried by 
said base portion that some of the cutters are circum 
ferentially spaced from each other, some of the cutters 
being laterally spaced from each other; and means for 
expanding said supporting members and cutters 
laterally outwardly of said body for operation of said 
cutters upon a transverse formation shoulder in the 
bore hole; a first plurality of said cutters carried by 
each supporting member being laterally spaced from 
each other and rotatable about axes lying in a first 
plane radial of the longitudinal axis of said body; a 
second plurality of said cutters carried by each support 
ing member being laterally spaced from each other and 
rotatable about axes lying in a second plane radial of 
the longitudinal axis of said body; said first and second 
planes being arcuately displaced from each other; the 
lateral spacing between said first plurality of cutters 
being substantially greater than the lateral spacing 
between said second plurality of cutters. 

12. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse formation shoulder in the bore hole; some of the 
cutters carried by each supporting member being cir 
cumferentially spaced from each other, some of the 
cutters carried by each supporting member being 
laterally spaced from each other; a mandrel connecti 
ble to a drill string and slidably splined to said body, 
whereby drilling torque is transmitted from said man 
drel to said body; coengageable expander means on 
said mandrel and supporting members; and means for 
relatively shifting said body, supporting members and 
roller cutters longitudinally with respect to said man 
drel while said mandrel and body are rotated by the 
drill string to cause said expander means to expand said 
supporting members and cutters laterally outwardly of 
said body for some of said cutters to enlarge the diame 
ter of the bore hole and for said cutters to operate upon 
the transverse formation shoulder. 

13. In a rotary drill bit as defined in claim 12; a first 
plurality of said cutters carried by each supporting 
member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body; said first and second planes being ar 
cuately displaced from each other. 

14. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse formation shoulder in the bore hole; some of the 
cutters carried by each supporting member being cir 
cumferentially spaced from each other, some of the 
cutters carried by each supporting member being 



3,684,041 
1 

laterally spaced from each other; a mandrel connecti 
ble to a drill string and slidably splined to said body, 
whereby drilling torque is transmitted from said man 
drel to said body; coengageable expander means on 
said mandrel and supporting members; and means for 5 
relatively shifting said body, supporting members and 
roller cutters longitudinally with respect to said man 
drel to cause said expander means to expand said sup 
porting members and cutters laterally outwardly of said 
body for operation of said cutters upon the transverse 
formation shoulder; a first plurality of said cutters car 
ried by each supporting member being laterally spaced 
from each other and rotatable about axes lying in a first 
plane radial of the longitudinal axis of said body; as 
second plurality of said cutters carried by each support 
ing member being laterally spaced from each other and 
rotatable about axes lying in a second plane radial of 
the longitudinal axis of said body; said first and second 
planes being arcuately displaced from each other; the 20 
lateral spacing between said first plurality of cutters 
being substantially greater than the lateral spacing 
between said second plurality of cutters. 

15. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem- 25 
bers pivotally mounted at their upper portions on said 
body for expansion laterally outwardly of said body; 
each supporting member having a lower mounting base 
portion extending circumferentially in opposite 
directions substantially beyond the sides of the portion 30 
of the supporting member thereabove; a plurality of 
roller cutters for each supporting member; a head for 
each cutter; means secured to each head rotatably 
mounting a cutter; means for securing each head to the 
bottom of said base portion with its roller cutter below 
said base portion; said heads and cutters being so car 
ried by said base portion that some of the cutters are 
circumferentially spaced from each other, some of the 
cutters being laterally spaced from each other; a man- 40 
drel connectible to a drill string and slidably splined to 
said body, whereby drilling torque is transmitted from 
said mandrel to said body; coengageable expander 
means on said mandrel and supporting member; and 
means for relatively shifting said body, supporting 45 
members and roller cutters longitudinally with respect 
to said mandrel while said mandrel and body are 
rotated by the drill string to cause said expander means 
to expand said supporting members and cutters 
laterally outwardly of said body for some of said cutters 50 
to enlarge the diameter of the bore hole and for said 
cutters to operate upon a transverse formation 
shoulder in the bore hole. 

16. In a rotary drill bit as defined in claim 15; a first 
plurality of said cutters carried by each supporting 55 
member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body; said first and second planes being ar 
cuately displaced from each other. 

17. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers pivotally mounted at their upper portions on said 
body for expansion laterally outwardly of said body; 
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each supporting member having a lower mounting base 
portion extending circumferentially in opposite 
directions substantially beyond the sides of the portion 
of the supporting member thereabove; a plurality of 
roller cutters for each supporting member; a head for 
each cutter; means secured to each head rotatably 
mounting a cutter; means for securing each head to the 
bottom of said base portion with its roller cutter below 
said base portion; said heads and cutters being so car 
ried by said base portion that some of the cutters are 
circumferentially spaced from each other, some of the 
cutters being laterally spaced from each other; a man 
drel connectible to a drill string and slidably splined to 
said body, whereby drilling torque is transmitted from 
said mandrel to said body; coengageable expander 
means on said mandrel and supporting member; and 
means for relatively shifting said body, supporting 
members and roller cutters longitudinally with respect 
to said mandrel to cause said expander means to ex 
pand said supporting members and cutters laterally 
outwardly of said body for operation of said cutters 
upon a transverse formation shoulder in the bore hole; 
a first plurality of said cutters carried by each support 
ing member being laterally spaced from each other and 
rotatable about axes lying in a first plane radial of the 
longitudinal axis of said body; a second plurality of said 
cutters carried by each supporting member being 
laterally spaced from each other and rotatable about 
axes lying in a second plane radial of the longitudinal 
axis of said body; said first and second planes being ar 
cuately displaced from each other; the lateral spacing 
between said first plurality of cutters being substan 
tially greater than the lateral spacing between said 
second plurality of cutters. 

18. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse shoulder in the bore hole; some of the cutters car 
ried by each supporting member being circum 
ferentially spaced from each other, some of the cutters 
carried by each supporting member being laterally 
spaced from each other; a mandrel connectible to a 
drill string and slidably splined to said body, whereby 
drilling torque is transmitted from said mandrel to said 
body; coengageable expander means on said mandrel 
and supporting members; said body having a cylinder 
portion above said expander means slidably and 
sealingly engaging said mandrel; said mandrel having a 
piston portion in said cylinder portion slidably and 
sealingly engaging said cylinder portion and dividing 
said cylinder portion into upper and lower fluid pres 
sure chambers; and means for feeding fluid under pres 
sure into one of said chambers to relatively shift said 
body, supporting members and roller cutters longitu 
dinally with respect to said mandrel while said mandrel 
and body are rotated by the drill string to cause said ex 
pander means to expand said supporting members and 
cutters laterally outwardly of said body for some of said 
cutters to enlarge the diameter of the bore hole and for 
said cutters to operate upon the transverse formation 
shoulder. 

19. In a rotary drill bit as defined in claim 18; said 
fluid feeding means comprising a conduit externally of 
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said mandrel communicating with said one of said 
chambers. 

20. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse shoulder in the bore hole; some of the cutters car 
ried by each supporting member being circum 
ferentially spaced from each other, some of the cutters 
carried by each supporting member being laterally 
spaced from each other; a mandrel connectible to a 
drill string and slidably splined to said body, whereby 
drilling torque is transmitted from said mandrel to said 
body; coengageable expander means on said mandrel 
and supporting members; said body having a cylinder 
portion above said expander means slidably and 
sealingly engaging said mandrel; said mandrel having a 
piston portion in said cylinder portion slidably and 
sealingly engaging said cylinder portion and dividing 
said cylinder portion into upper and lower fluid pres 
sure chambers; and means for feeding fluid under pres 
sure into one of said chambers to relatively shift said 
body, supporting members and roller cutters longitu 
dinally with respect to said mandrel to cause said ex 
pander means to expand said supporting members and 
cutters laterally outwardly of said body for operation of 
said cutters upon the transverse formation shoulder; a 
liquid confined in said other of said chambers initially 
preventing such relative longitudinal shifting; and 
means for releasing said liquid from said other of said 
chambers while the drill bit is in the bore hole. 

21. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse shoulder in the bore hole; some of the cutters car 
ried by each supporting member being circum 
ferentially spaced from each other, some of the cutters 
carried by each supporting member being laterally 
spaced from each other; a mandrel connectible to a 
drill string and slidably splined to said body, whereby 
drilling torque is transmitted from said mandrel to said 
body; coengageable expander means on said mandrel 
and supporting members; said body having a cylinder 
portion above said expander means slidably and 
sealingly engaging said mandrel; said mandrel having a 
piston portion in said cylinder portion slidably and 
sealingly engaging said cylinder portion and dividing 
said cylinder portion into upper and lower fluid pres 
sure chambers; and means for feeding fluid under pres 
sure into one of said chambers to relatively shift said 
body, supporting members and roller cutters longitu 
dinally with respect to said mandrel to cause said ex 
pander means to expand said supporting members and 
cutters laterally outwardly of said body for operation of 
said cutters upon the transverse formation shoulder; 
said one of said chambers being said upper chamber 
whereby fluid under pressure fed thereinto elevates 
said body, supporting members and cutters along said 
mandrel. 

22. In a rotary drill bit as defined in claim 21; a liquid 
confined in said lower chamber initially preventing 
elevation of said body, supporting members and cutters 
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along said mandrel; and means for releasing said liquid 
from said lower chamber while the drill bit is in the 
bore hole. 

23. In a rotary drill bit as defined in claim 21; a liquid 
confined in said lower chamber initially preventing 
elevation of said body, supporting members and cutters 
along said mandrel; and means for releasing said liquid 
from said lower chamber while the drill bit is in the 
bore hole; said fluid feeding means comprising a con 
duit externally of said mandrel communicating with 
said upper chamber. 

24. In a rotary drill bit as defined in claim 21; a liquid 
confined in said lower chamber initially preventing 
elevation of said body, supporting members and cutters 
along said mandrel; and means for releasing said liquid 
from said lower chamber while the drill bit is in the 
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bore hole; said fluid feeding means comprising a con 
duit externally of said mandrel communicating with 
said upper chamber; and means for feeding compressed 
air into said mandrel to aerate the liquid column 
therein and in the drill string thereabove, whereby 
liquid in the wellbore externally of the drill bit flushes 
cuttings into the mandrel for upward passage through 
the mandrel and drill string. 

25. In a rotary drill bit to be lowered in a bore hole: a 
main body; circumferentially spaced supporting mem 
bers mounted on said body for expansion laterally out 
wardly of said body; a plurality of roller cutters carried 
by each supporting member for operation upon a trans 
verse formation shoulder in the bore hole; some of the 
cutters carried by each supporting member being cir 
cumferentially spaced from each other, some of the 
cutters carried by each supporting member being 
laterally spaced from each other; a mandrel connecti 
ble to a drill string and slidably splined to said body, 
whereby drilling torque is transmitted from said man 
drel to said body; coengageable expander means on 
said mandrel and supporting members; and means for 
relatively shifting said body, supporting members and 
roller cutters longitudinally with respect to said man 
drel to cause said expander means to expand said sup 
porting members and cutters laterally outwardly of said 
body for operation of said cutters upon the transverse 
formation shoulder; and means for feeding compressed 
air into said mandrel to aerate the liquid column 
therein and in the drill string thereabove, whereby 
liquid in the well bore externally of the drill bit flushes 
cuttings into the mandrel for upward passage through 
the mandrel and drill string. 

26. In a rotary drill bit to be lowered in a bore hole: a 
main body; cutter means mounted on said body for ex 
pansion laterally outwardly of said body; a mandrel 
connectible to a drill string and slidably splined to said 
body, whereby drilling torque is transmitted from said 
mandrel to said body; coengageable expander means 
on said mandrel and cutter means; said body having a 
cylinder portion above said expander means slidably 
and sealingly engaging said mandrel; said mandrel hav 
ing a piston portion in said cylinderportion slidably and 
sealingly engaging said cylinder portion and dividing 
said cylinder portion into upper and lower fluid pres 
sure chambers; means for feeding fluid under pressure 
into one of said chambers to relatively shift said body 
and cutter means longitudinally with respect to said 
mandrel to cause said expander means to expand said 
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cutter means laterally outwardly of said body; a liquid 
confined in said other of said chambers initially 
preventing such relative longitudinal shifting; and 
means for releasing said liquid from said other of said 
chambers while the drill bit is in the bore hole. 

27. In a rotary drill bit as defined in claim 26; said 
one of said chambers being said upper chamber, 
whereby fluid under pressure fed thereinto elevates 
said body and cutter means along said mandrel; said 
other of said chamber being said lower chamber in 
which the liquid is confined. 

28. In a rotary drill bit as defined in claim 26; said 
one of said chambers being said upper chamber, 
whereby fluid under pressure fed thereinto elevates 
said body and cutter means along said mandrel; said 
other of said chamber being said lower chamber in 
which the liquid is confined; said fluid feeding means 
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comprising a conduit externally of said mandrel com 
municating with said upper chamber. 

29. In a rotary drill bit as defined in claim 26; said 
one of said chambers being said upper chamber, 
whereby fluid under pressure fed thereinto elevates 
said body and cutter means along said mandrel; said 
other of said chamber being said lower chamber in 
which the liquid is confined; said fluid feeding means 
comprising a conduit externally of said mandrel com 
municating with said upper chamber; and means for 
feeding compressed air into said mandrel to aerate the 
liquid column therein and in the drill string thereabove, 
whereby liquid in the well bore externally of the drill bit 
flushes cuttings into the mandrel for upward passage 
through the mandrel and drill string. 
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