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1. 

2,719,699 
EXPANSBLE DRILL BITS 

Reuben C. Baker, Coalinga, Calif., assignor to Baker 
Oil Tools, Inc., Vernon, Calif., a corporation of Cali 
fornia 

Application July 3, 1951, Serial No. 235,071 
21 Claims. (Cl. 255-75) 

The present invention relates to drill bits, and more 
particularly to drill bits having expandible cutters for en 
larging a well bore below a string of casing to a greater 
diameter than the inside diameter of the casing string 
itself. 
An object of the present invention is to provide im 

proved expansible drill bits capable of enlarging the diam 
eters of previously drilled well bores. 

Another object of the invention is to provide drill bits 
that can enlarge the diameters of well bores as a result of 
rotating the drill bits or of longitudinally moving the drill 
bits, assurance being had in both cases that the full cir 
cumference of the well bores will be covered by the drill 
bit cutters to produce enlarged well bores of the desired 
circular cross-sections. 
A further object of the invention is to expand the cutters 

of a drill bit outwardly hydraulically and to positively 
hold the cutters in their full outwardly expanded position, 
thereby precluding inadvertent inward shifting of the cut 
ters and the drilling of an undergauged hole. 
Yet another object of the invention is to provide a hole 

enlarging drill bit having an exceedingly large cutter tooth 
surface for operating on the formation material, thus en 
abling a large footage of hole to be drilled before the 
cutters become dull, necessitating withdrawal of the bit to 
the top of the well bore. 

Still a further object of the invention is to provide a 
strong and sturdy expansible drill bit, capable of manu 
facture in an economical manner. - 

This invention possesses many other advantages, and has 
other objects which may be made more clearly apparent 
from a consideration of several forms in which it may be 
embodied. Such forms are shown in the drawings accom 
panying and forming part of the present specification. 
These forms will now be described in detail, illustrating 
the general principles of the invention; but it is to be 
understood that such detailed description is not to be 
taken in a limiting sense, since the scope of the invention 
is best defined by the appended claims. 

Referring to the drawings: 
Figure 1 is a side elevation of an expansible drill bit 

disposed in a well casing, with the bit cutters in retracted position; 
Fig. 2 is a longitudinal section, on an enlarged scale, 

through the major portion of the drill bit disclosed in Fig. 
1, and with the cutters in retracted position; 

Fig. 3 is a view similar to Fig. 2, illustrating the cutters 
in their full outwardly expanded position; 

Fig. 4 is a cross-section taken along the line 4-4 on Fig. 2; 
Fig. 5 is a cross-section taken along the line 5-5 on Fig. 3; 
Fig. 6 is a cross-section taken along the line 6-6 on Fig. 3; 
Fig. 7 is a cross-section taken along the line 7-7 on Fig. 3; 
Fig. 8 is an enlarged fragmentary longitudinal section 

through a portion of the device illustrated in Fig. 3; 
Fig. 9 is an exploded isometric projection of a cutter 

and a retainer and stop member therefor; 
Fig. 10 is a side elevation, partly in section, of another 
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embodiment of the invention disposed within a well bore 
and with the cutters in retracted position; 

Fig. 11 is an enlarged longitudinal section through the 
major portion of the bit disclosed in Fig. 10, with the cut 
ters in retracted position; 

Fig. 12 is a view similar to Fig. 11, illustrating the 
ters in expanded position; 

Fig. 13 is a cross-section taken along the line 13-13 
on Fig. 12; 

Fig. 14 is a cross-section taken along the line 14-14 
on Fig. 12. 
The drill bits A disclosed in the drawings are adapted 

to be secured to the lower end of a string of drill pipe 
B, or other tubular device, for lowering through well cas 
ing C disposed in the well bore to a point below the casing 

cut 

shoe D at which the cutters 10 of the bit are expanded 

25 
weight is being imposed on the apparatus. 

30 

outwardly, for the purpose of enlarging the well bore E. 
below the shoe. Expansion of the cutters 10 can take 
place at any desired point below the casing shoe D simply 
through the expedient of pumping drilling fluid down 
through the drill pipe B and the expansible drill bit A, the 
cutters producing a shoulder F in the wall of the formation 
on which they will operate. When the cutters 10 are ex 
panded outwardly to their full extent, they are precluded 
from inadvertent inward movement; so long as drilling 

Because of 
this fact, drilling of an undergauged hole is prevented. 
The cutters 10 are arranged to enlarge the hole E as a 

result of rotating the drill bit A, or as a result of moving 
the bit longitudinally in the well bore. The cutting sur 
faces of the cutters collectively cover at least 360 degrees 
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around the drill bit. The cutters are, therefore, capable 
of operating upon the entire circumference of the well bore 
upon moving the expansible drill bit A longitudinally 
through the well bore. The circumferential extent of the 
cutters not only insures the production of a circular hole, 
but also stabilizes the apparatus and tends to maintain it 
centered in the well bore. 
As disclosed in the drawings, the expansible drill bit A 

includes an elongate main body 11 consisting of an upper 
portion 12 having a pin 13 threaded into the lower end of 
the string of drill pipe B. The lower end of the upper 
body portion 12 is provided with a threaded pin 14 screwed 
within the threaded box 15 of a lower body portion 16 
which has a terminal box portion 17 that may be threaded 
onto the upper pin end 18 of another drill bit 19, if an 
other drill bit is used. The lower drill bit 19 may be omit 
ted entirely, if desired. 
A plurality of sets 20, 21 of expandible cutters 10 are 

provided on the main bit body 11. These sets are cir 
cumferentially offset with respect to each other; so as 
to collectively cover at least the entire circumference of 
the bit body 11 and of the wall of the formation on which 
they operate. Inasmuch as the sets 20, 21 of cutters 
are substantial duplicates of one another, a description 
of one set, such as the upper set 20, will suffice for both Sets. 

The upper set 20 of cutters 10 is disposed in a circum 
ferential elongate groove 22 formed in the bit body. The 
base of this groove is provided with a plurality of lon 
gitudinally spaced, upwardly diverging frusto-conical 
cam expander portions 23, the upper ends of which 
merge into generally cylindrical holding surfaces 24, 
which are substantially parallel to the axis of the bit 
body. The cylindrical portions 24 terminate in shoul 
ders 25 disposed substantially perpendicular to the axis 
of the bit. The lower ends 26 of the cam surfaces 23 
are spaced longitudinally from the next lower shoulder 
25 and form a circumferential recess 27 therebetween in 
which inner portions 28 of the cutters 10 are receivable, 
when the cutters are in retracted position on the bit 
body 11. Thus, each cutter 10 is provided with longitu 
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dinally spaced cam surfaces 29 companion to the body 
cam surfaces 23, and they also have downwardly facing 
shoulders 30 spaced from the upper ends 31 of the 
cam surfaces 29, providing recesses 32 in which the 
cam and holding rib portions 23 of the body are receiv 
able when the cutters are in retracted position. 
The spaced cam and rib portions 23 can be formed 

on the bit body in a lathe, which is also true of the 
companion cam and rib portions 29 formed on the in 
terior of the cutters. 
The cutters 0 are disposed in the circumferential 

groove 22, and have a length that is less than the length 
of the groove. These cutters initially occupy a retract 
ed position downwardly of the body 11, with their lower 
ends 33 in engagement with the lower side 34 of the 
circumferential groove 22. The cutters 10 are shiftable 
upwardly along the body cam surfaces 23, to expand 
them outwardly to a position in which the inner cylin 
drical surfaces 35 of the cutters are in full bearing en 
gagement with the holding surfaces 24 on the body, the 
extent of such upward shifting being limited by engage 
ment of the upper ends 36 of the cutters with the upper 
side 37 of the circumferential body groove 22. The 
coengagement between the inner cylindrical surfaces 35 
of the cutters with the body cylindrical surfaces 24 pre 
cludes inadvertent inward movement of the cutters. 
Their outward movement to any further extent is pre 
vented by engagement of the cutters 10 with retainer 
and stop members 38 secured to the bit body. 
As disclosed in the drawings, the cutters of the upper 

set 20 are spaced equi-angularly from one another around 
the circumference of the bit body 11. The retainer and 
stop members 38 are also spaced equi-angularly around 
the bit body, and are disposed between the cutters. Each 
retainer and stop member 38 is disposed radial of the 
axis of the bit body, and extends lengthwise the full 
length of the circumferential groove 22. At its upper 
and lower ends it is provided with ears 39 received with 
in recesses or notches 40 milled in the bit body. Each 
stop member 38 is attached to the body by use of screws 
41 extending through holes 42 in its ear and intermediate 
portions and received within threaded holes 43 in the 
body at its recess and can expander portions 40, 23. 

Extending laterally from the main body of each seg 
ment 38 are longitudinal wings 44 received within longi 
tudinal side grooves 45 in cutters 10 on opposite sides 
of the stop member 38, which grooves 45 are substan 
tially wider than the width of the wings 44; so as to 
allow lateral movement of the cutters 10 to a predeter 
mined extent without interference from the wings 44. 
When the cutters are in their retracted positions, the 
wings 44 are disposed in the outer portions of the side 
grooves 45 spaced outwardly from the inner longitudinal 
shoulders 46 of the cutters (Fig. 4). However, when 
the cutters 10 are moved longitudinally along their com 
panion body expander portions 23 and radially outward 
ly, the extent of such outward movement is determined 
by engagement of the side shoulders 46 on the cutters 
with the stop member wings 44 (Fig. 5). 
When the cutters 10 have been shifted outwardly to 

a position in which their inner cylindrical surfaces 35 
engage the external holding surfaces 24 on the base of 
the body groove 22, the outer surfaces of the cutter shoul 
ders 46 are just on the verge of engaging the longitudinal 
retainer wings 44. Accordingly, it is apparent that the 
holding surfaces 24 on the body will then preclude in 
ward movement of the cutters 0 from their fully ex 
panded position, and that the side wings 44 of the retainer 
segments will preclude further outward movement of the 
CUtiliEIS. 
When the cutters 10 have been expanded outwardly to 

their fullest extent, their upper ends 36 engage the upper 
side 37 of the circumferential groove 22. Accordingly, 
drilling weight imposed on the main body 11 of the bit 
will be transmitted directly to the cutters 10, passing from 
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the upper side 37 of the circumferential groove to the 
upper ends 36 of the cutters. During rotation of the 
drill bit, the torque can be transmitted from the body 
11, through the retainer members 38 to the side margins 
of the blades 10. However, it is preferred to transmit 
the drilling torque between the body 11 and cutters 10 
through another arrangement, that will now be described. 
The upper and iower ends of each cutter 10 are pro 

vided with notches or grooves 48 preferably disposed 
centrally of each cutter. Driving blocks or elements 49 
are disposed in recesses 59 formed in the body at each 
end of the circumferential groove 22, these driving blocks 
being suitably secured to the body, as by use of welding 
material 5. The drive blocks 49 extend longitudinally 
into the cutter recesses 48 and snugly engage the side 
walls of such recesses, to provide a slidable driving con 
nection between the body 1 and the cutters 10. The 
lower drive blocks 49 extend upwardly into the recesses 
48, preferably to the upper end of the latter, when the 
cutters 10 are in their lower retracted position on the 
drill bit body 11. The upper drive blocks 49 extend 
downwardly into the cutter recesses 48, but their lower 
ends are initially spaced above the lower ends of the 
upper notches 48; so as not to interfere with the upward 
movement of the cutters 10 along the drill bit body 11 to 
their outwardly expanded positions. 

During the rotation of the drill bit A, the driving effort, 
rather than being transmitted through the intermediate 
retainer and stop members 38, is transmitted through 
the drive blocks 49 directly to the cutters 10. 
As was stated above, the lower set 21 of cutters and 

cooperable elements are a substantial duplicate of the 
upper set 20. However, the two sets 20, 21 are displaced 
from one another; so that the cutters will collectively 
encompass the entire circumference of the bit body 11 
and the wall of the well bore E. As illustrated in the 
drawings, three cutters are embodied in each set, the 
cutters being displaced about 120 degrees from each 
other. Each cutter 19 Subtends an arc of about 70 
degrees; so that the cutters of each set collectively cover 
about 210 degrees of arc. Since the sets of cutters are 
displaced about 60 degrees with respect to each other, 
it is apparent that both sets 20, 21 of cutters collectively 
cover about 420 degrees around the circumference of 

50 

60 

65 

70 

75 

the bit body 1. 
Each cutter 10 is provided with longitudinally spaced 

helical teeth 52. Because of the helical disposition of 
the teeth, they are effective to remove the formation 
material upon rotation of the drill bit A, and they are 
also effective to remove the formation material upon 
longitudinal movement of the drill bit A in a downward 
direction, and without its rotation. As noted above, the 
teeth 52 collectively cover at least the full circumference 
of the well bore E, which enables the cutters to ream 
the entire circumference of the hole, as a result of longi 
tudinal movement or reciprocation of the drill bit within 
the wel bore. , 
The cutters 10 are shifted from their retracted to their 

outwardly expanded positions by hydraulic instrumentali 
ties. As disclosed in the drawings, a hydraulic annular 
cylinder 53 is meunted on the bit body 11 below the 
lower set 21 of cutters. This cylinder includes an in 
wardly directed cylinder head 54 slidable along the ex 
terior of the body 11 above one or more side ports 55 
extending through the body between its central fluid 
passage 56 and a cylinder space 57 between the body. 
and the cylinder. Depending from the cylinder head 54 
is a cylinder sleeve 58 slidable along the body 11, and 
initially secured to the lower body portion 15 by one or 
more shear screws 59. Extending upwardly from the 
cylinder head 54 is a skirt 69 slidable along a body 
flange 6i, the upper end of this skirt 60 engaging the 
lower ends of a lower set 62 of longitudinally arranged 
transfer or thrust plates 63 slidable in longitudinal grooves 
64 in the body. The upper ends of these plates 63 engage 
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the lower ends 33 of the lower set 21 of cutters 10. The 
thrust plates 63 are prevented from moving laterally out 
ward of the body by arcuate retainer elements 65 secured 
in arcuate grooves 66 in the body by screws 67, and 
extending across outer notches or recesses 68 formed in 
the plates 63. 
An upper set 69 of intermediate or upper transfer and 

thrust plates 63 is disposed in longitudinal grooves 70 in 
the body between the upper and lower sets 20, 21 of 
cutters 10 and merging into the upper and lower cir 
cumferential grooves 22. The lower end of each inter 
mediate plate 63 engages a lower cutter 10 and its upper 
end engages the lower end 33 of an upper cutter 10; 
so that the upward movement of the lower cutters is 
transferred to the upper cutters through the plates. 
These intermediate plates 63 are also prevented from 
lateral outward movement by arcuate retainer elements 
65 extending across the longitudinal grooves 70 and 
secured in arcuate recesses 66 in the body by screws 67. 
These upper elements 65 also extend within recesses or 
notches 68 formed in the upper plates 63. 

Leakage of fluid from the cylinder space 57 in an 
upward direction is prevented by providing a suitable 
side seal ring 71 in an inner groove 72 in the cylinder 
head 54, which seal ring is slidable along the periphery 
of the bit body 11. 

Leakage of fluid in a downward direction from the 
cylinder space 57 is prevented by a side seal ring 73 
disposed in an internal body groove 74, and slidably 
engaging the inner wall of the cylinder sleeve, 58. A 
wiper ring 75 may also be provided in a groove 76 in 
the body flange. 61, slidably engaging the inner wall of 
the cylinder skirt 60. Fluid is allowed to bleed from 
the annular space 77 between the flange. 61 and head 
54 through a suitable bleeder hole 78 provided through 
the skirt 60 adjacent the head 54. 

In order to move the cylinder 53 hydraulically up 
wardly along the body 11, for the purpose of expanding 
the cutters 10 outwardly, pressure must be built up within 
the bit body and also within the cylinder space 57. Such 
pressure is increased in the present case by providing 
an orifice 79 in the lower portion of the bit body 11, 
having a restricted passage 80 therethrough. This ori 
fice 79 may be clamped between an inner shoulder 81 
formed in the body and a nut 82 threaded into the lower 
end of the body, leakage around the orifice member 79 
being prevented by a suitable seal ring or gasket 83 com 
pressed between the end of the nut 82 and a body 
shoulder 84. 
The drill bit apparatus A is threaded into the lower 

end of a string of drill pipe B, and is lowered through 
the well casing C to a point in the open hole E below 
the casing shoe D at which the hole enlarging opera 
tion is to commence. At this time, the cutters 10 all 
occupy their lower retracted positions with respect to 
the bit body 11, illustrated in Figs. 1, 2 and 4. When 
the cutters 10 are to be expanded outwardly, drilling 
fluid is pumped down the drill pipe B, and through the 
central passage 56 through the body 11, the flow of 
fluid from this passage being restricted by the orifice 79, 
which causes a back pressure to be built up in the body 
passage 56 which is imparted to the fluid in the body 
ports 55 and cylinder space 57, exerting an upward force 
on the cylinder head 54. When this back pressure ex 
ceeds the shear strength of the screw or screws 59 initially 
holding the cylinder 53 to the body 11, the screws 59 are 
disrupted and the cylinder 53 is urged in an upward direc 
tion along the body 11. The upward movement of the 
cylinder is transferred through the lower set 62 of plates 
to the lower set 21 of cutters 10, urging the later longi 
tudinally upwardly of the body 11 and along the ex 
pander can Surfaces 23 in a radially outward direction. 
At the same time, the longitudinal upward movement 
of the lower set 2 of cutters is transferred to the upper 
Set 20 of cutters through the intermediate set 69 of thrust 
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6 
plates 63, this upper set 20 of cutters also moving along 
their companion cam surfaces. 23 and in a radial out 
ward direction. : . . . . . . . . " 

The drill bit body. 11 may be rotated while fluid is 
being pumped through it to rotate the cutters 10, and 
cause the cutter teeth 52 to enlarge the wall of the well 
bore. As the diameter of the hole increases, the cut 
ters 10 can move along the cam surfaces 23 outwardly . 
to a further extent, until they are moved upwardly of the 
cam surfaces 23 and onto the holding portions 24 of the 
circumferential ribs formed in the base portions of the 
body grooves 22. At this time, the shoulders 46: on the 
cutters engage the side wings 44 of the retainer mem 
bers 38, which preclude further outward movement of 
the cutters 10, the cylindrical body surfaces 24 prevent 
ing inward movement of the cutters (Figs. 3 and 5). 

Rotation of the drill bit A can then continue, the lower 
portions of the cutter teeth 52 operating upon the lower 
shoulder F produced in the formation wall, to ream and 
enlarge the hole E in a downward direction, The drill 
ing weight is being transmitted directly from the body 
11 to the upper ends 36 of the cutters, while the drilling 
torque is being transmitted through the drive blocks 49 
directly to the cutters 10. The cutter teeth 52, in view 
of their helical or inclined arrangement, are effective to 
shear or slice across the formation material, to insure 
the production of an enlarged well bore of circular cross 
section throughout its length. In view of the large num 
ber of cutter teeth present, the drill bit is effective to en 
large the well bore to a substantial longitudinal extent be 
fore the cutter teeth become dull. When this happens, 
the pumping of drilling fluid through the drill pipe B and 
the drill bit A is discontinued, the drill pipe being ele 
vated to elevate the drill bit with it. When the cutters 
10 engage the lower end of the casing shoe D, they will 
be forced downwardly off the cylindrical holding surfaces 
24 and downwardly along the tapered cam surfaces 23 
and inwardly to their initial retracted positions, allow 
ing the drill bit to be moved upwardly through the well 
casing C to the top of the well bore. 
The cutters 10 may be dismantled from the drill bit 

and a set of sharp cutters mounted in their place in re 
tracted position. The drill bit with the sharp cutters is 
again run in the well bore, and, upon reaching the up 
per end of the enlarged section of the well bore E, fluid 
can again be pumped through the drill pipe and body to 
again expand the cutters 10 outwardly to their fullest ex 
tent. Lowering of the drill bit A through the pre 
viously enlarged length of the well bore E can then con 
tinue without rotating the drill bit. Any projections or 
restrictions encountered in the well bore will be removed 
by the cutters 10 themselves, simply as a result of moving 
them longitudinally through the well bore, inasmuch as 
the cutter teeth 52 collectively cover the entire circum 
ference of the well bore. If resistance is encountered, 
the drill bit A can be reciprocated, to remove the re 
stricting portion of the wall of the well bore. If sub 
stantial resistance to removal is encountered, the drill 
bit can be rotated, to enlarge the restricting portion of 
the well bore to its proper final diameter. When the drill 
bit reaches the shoulder F previously formed in the en 
larged well bore, it can commence enlarging the well 
bore in a downward direction from that point. 

In the form of invention illustrated in Figs. 10 to 
14, inclusive, longitudinally spaced, elongate circum 
ferential grooves 22a are provided, in which sets 20a, 
21a of cutters 10a are disposed in angularly offset rela 
tion with respect to each other; so as to collectively cover 
the entire circumference of the bit body 11a and the 
formation wall on which the cutters are operative. The 
base of each groove 22a and the cutters have substan 
tially the same cam expander and holding surfaces 23a, 
24a, 29a, 35 as in the other form of invention. However, 
the cutters 10a have longitudinally extending upper and 
lower end lugs or portions 86 slidably fitting within up 
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per and lower longitudinal grooves or recesses 87 merg 
ing into the circumferential groove 22a. The sides of 
each cutter 10a slidably fit the sides of the end grooves 
87; so that the rotational effort imparted to the body illa 
is transmitted directly to the cutters (a. 
... The cutters 0a are movable upwardly along the body 
1:a to, expand them outwardly by means of the hy 
draulic cylinder 53a in essentially the same manner as in 
the other form of the invention. The skirt 69a of this 
cylinder is slidable along the body flange or head 6a, 
the upper end of the skirt engaging the lower end of 
a thrust and stop sleeve 63a slidable on the periphery 
of the body. This thrust or stop sleeve engages the 
lower end portions of the lower set 2a of cutters, there 
being a substantial radial gap 88 between the outer Sur 
faces of the lower cutter lugs 86 and the inner wall of 
the sleeve 63a, which gap is slightly greater than the rise 
of the can surfaces 23a on the body lia. As the 
cylinder 53a moves upwardly, the upward movement is 
transmitted through the thrust sleeve 63a to the lower : 
set 21a of cutters 10a, which are shifted upwardly along 
their companion cam surfaces 23 and radially outward 
toward the wall of the formation. The upper portions 
of the lower set 21a of cutters engage the lower end of 
an intermediate thrust and stop sleeve 69a slidable on 
the periphery of the body, and the upper end of this 
latter sleeve 69a engages the lower end portions of the 
upper set 20a of cutters. Here again, the inner wall Sur 
face of the intermediate sleeve 69a is initially spaced out 
wardly from the upper lugs 86 of the lower cutters and 
the lower lugs of the upper cutters by a distance that 
is slightly greater than the rise of the cans 23a. 
As the lower set 2a of cutters moves upwardly, the 

intermediate thrust sleeve 69a is also moved upwardly, 
which, in turn, shifts the upper set 20a of cutters up 
wardly. In this fashion, both sets 20a, 2ia of cutters 
are shifted simultaneously upwardly along their respec 
tive body cam surfaces 23a and radially outward into 
engagement with the well bore wall. When the cutters 
move off their inclined cam surfaces 23a and onto the 
holding surfaces 24a of the body, their lugs 86 are just 
contacting the thrust sleeves 63a, 69a, which function 
as stop members to prevent further outward movement 
of the cutters 10a with respect to the body. In this con 
nection, an upper stop sleeve 90 is disposed on the body * 
above the upper set 20a of cutters, being secured to the 
body by means of a screw 91, the lower end of this sleeve 
overlapping the upper longitudinal body grooves 87 and 
the upper lugs 86 of the upper set 20a of cutters. When 
the upper cutters 20a are expanded outwardly to the 
fullest extent, the upper lugs 86 will engage the upper 
sleeve 90, which will preclude further outward expan 
sion of the upper set of cutters. 
The drill bit is lowered through the well casing C with 

the cutter parts in retracted position. When the position 
below the casing shoe D is reached at which the under 
reaming operation is to commence, fluid is pumped down 
the drill pipe B and through the orifice 79 below the body 
ports 55, the back pressure being exerted upon the cylin 
der 53a to shift it upwardly. This upward movement 
is transmitted through the lower sleeve 63a to the lower 
set 2a of cutters, and from the latter through the inter 
mediate sleeve 69a to the upper set 28a of cutters, all of 
the cutters being shifted longitudinally along the body 
cam or expander surfaces 23a and radially outward against 
the wall of the formation. The drill bit A is then rotated, 
to cause the inclined cutter teeth 52 to enlarge the well 
bore. As the hole size increases, the cutters move further 
up along their cam surfaces 23a until their inner cylin 
drical surfaces 35a are shifted upon the holding surfaces 
24a on the body 11a, at which time the cutter lugs 86 en 
gage the several stop sleeves 63a, 69a, 90. Upward shift 
ing of the cutters is limited by engagement of their upper 
portions 95 with the upper walls of the circumferential 
grooves 22a. Drilling weight can now be imposed on 
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the drill bit, to enlarge the hole in a downward direction 
to the desired extent, the drilling weight being transmitted 
directly from the body a to the cutters 10a. The drill- - 
ing torque is also transmitted directly from the side walls 
of the longitudinal body grooves 87 to the sides of the 
cutters 10a. The holding surfaces 24a, 35a prevent in 
advertent inward movement of the cutters 10a from their 
fully expanded positions, whereas the various stop sleeves 
63a, 69a, 90 prevent further outward movement of the 
cutters. When the drill bit is to be removed from the well 
bore, the pumps at the top of the hole are stopped and 
the drill pipe B moved upwardly to elevate the drill bit 
A with it. When the cutters 10a engage the lower end 
of the casing shoe D, they will be shifted downwardly 
and radially inward to their initial retracted position, 
which allows the entire drill bit to be withdrawn through 
the casing to the top of the well bore. 
The inventor claims: 
1. In an expansible drill bit to be lowered in a well 

bore on a running-in string: a bit body; cutters movable 
longitudinally of said body; coengageable cam means on 
said cutters and body for expanding said cutters laterally 
outwardiy of said body upon longitudinal movement of 
said cutters along said body; means for shifting said cut 
ters longitudinally of said body; and means having stop 
portions initially spaced laterally outward from com 
panicn portions of said cutters, said stop portions being 
engageable with said companion portions to limit the ex 
tent of movement of said cutters laterally outwardly of 
said body, said last-mentioned means being disposed be 
tween said cutters and engageable with said cutters to 
guide said cutters in their movement laterally outwardly 
of said body. 

2. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference defined by upper 
and lower end walls in said body and a base between said 
end walls, the base of said groove being circular in cross 
section and having a can portion thereon; cutters in said 
groove movable longitudinally of said body and having 
can means engageable with said cam portion, in order 
that longitudinal movement of said cutters along said 
body shifts said catters laterally outwardly of said body; 
means on said body for shifting said cutters longitudinally 
of said body; means on said body for retaining said cut 
ters in said groove; and means providing a slidable con 
nection between said body and each cutter to transmit - 
the rotation of said body to said cutters and to guide said. 
cutters in their movement laterally outwardly of said 
body. 

3. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove being circular in cross-section and having a cam 
portion thereon; cutters in said groove movable longi 
tudinally of said body and having cam means engageable 
with said cam portion, in order that longitudinal move 
ment of said cutters along said body shifts said cutters 
laterally outwardly of said body; means on said body for 
shifting said cutters longitudinally of said body; means 
providing a slidable connection between said body and 
each cutter to transmit the rotation of said body to said 
cutters and to guide said cutters in their movement out 
wardly of said body; and means initially spaced laterally 
outward from portions of said cutters and engageable 
with said cutter portions to limit the extent of movement 
of said cutters laterally outwardly of said body. 

4. In an expansible drill bit to be lowered in a well bore 
on a running-in string: a bit body; cutters movable lon 
gitudinally of said body; coengageable cam means on 
said cutters and body for expanding said cutters laterally 
outwardly of said body upon longitudinal movement of 
said cutters along said body; and means for shifting said 
cutters longitudinally of said body, said shifting means 
having stop portions initially spaced laterally outward 
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from companion portions of said cutters, said stop por: 
tions being engageable with said companion portions to 
limit the extent of movement of said cutters laterally 
outwardly of said body. 

5. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove having a cam portion thereon; cutters in said 
groove movable longitudinally of said body and having 
cam means engageable with said cam portion, in order 
that longitudinal movement of said cutters along said 
body shifts said cutters laterally outwardly of said body; 
means on said body for shifting said cutters longitudinally 
of said body, said shifting means having stop portions ini 
tially spaced laterally outward from companion portions 
of said cutters, said stop portions being engageable with 
said companion portions to limit the extent of move 
ment of said cutters laterally outwardly of said body; 
and means providing a slidable connection between said 
body and each cutter to transmit the rotation of said body 
to said cutters and to guide said cutters in their move 
ment outwardly of said body. 

6. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference defined by upper 
and lower end walls in said body and a base between 
said end walls, the base of said groove being circular in 
cross-section and having a tapered surface inclined in an 
upward and outward direction; cutters in said groove mov 
able longitudinally of said body and having tapered sur 
faces companion to and engageable with said other ta 
pered surface, in order that upward movement of said 
cutters along said body shifts said cutters laterally out 
wardly of said body; means on said body for shifting said 
cutters upwardly of said body; means on said body for 
retaining said cutters in said groove; and means provid 
ing a slidable connection between said body and each cut 
ter to transmit the rotation of said body to said cutters and 
to guide said cutters in their movement laterally out 
wardly of said body. 

7. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove being circular in cross-section and having longi 
tudinally spaced tapered surfaces inclined in an upward 
and outward direction; cutters in said groove movable 
longitudinally of said body, each of said cutters having 
longitudinally spaced tapered surfaces companion to and 
engageable with said other tapered surfaces; means on 
said body for shifting said cutters upwardly along said 
body to cause said tapered surfaces on the base of said 
groove and on said cutters to expand the cutters out 
wardly of said body; and means providing a slidable con 
nection between said body and each cutter to transmit 
the rotation of said body to said cutters and to guide 
said cutters in their movement outwardly of said body. 

8. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body; cutters movable 
longitudinally of said body; coengageable cam means on 
said cutters and body for expanding said cutters later 
ally outwardly of said body upon longitudinal movement 
of said cutters along said body; means for shifting said 
cutters longitudinally of said body; means providing a 
radially slidable connection between said body and each 
cutter to transmit rotary motion of said body to said 
cutters, said last-mentioned means having stop portions 
initially spaced laterally outward from companion por 
tions of said cutters and engageable with said companion 
portions to limit the extent of movement of said cutters 
laterally outwardly of said body. 

9. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove having a cam portion thereon; cutters in said 
groove movable longitudinally of said body and having 
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10 
cam means engageable with said cam portion, in order 
that longitudinal movement of said cutters along said 
body shifts said cutters outwardly of said body; means 
on said body for shifting said cutters longitudinally of 
said body; and means providing a radially slidable con 
nection between said body at opposite ends of said groove 
and the end portions of each cutter to transmit rotary 
motion of said body to said cutters. 

10. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove having a cam portion thereon; cutters in said 
groove movable longitudinally of said body and having 
cam means engageable with said cam portion, in order 
that longitudinal movement of said cutters along said 
body shifts said cutters outwardly of said body; means 
on said body for shifting said, cutters longitudinally of 
said body, each of said cutters having end grooves there 
in; and drive lugs secured to said body and extending 
into said end grooves in slidable relation to said cutters. 

11. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having an external 
groove around its entire circumference, the base of said 
groove having a cam portion thereon; cutters in said 
groove movable longitudinally of said body and having 
cam means engageable with said cam portion, in order 
that longitudinal movement of said cutters along said 
body shifts said cutters laterally outwardly of said body; 
means on said body for shifting said cutters longitudi 
nally of said body; means for retaining said cutters in 
said groove; said body having end grooves: on opposite 
sides of said external groove; and means on said cutters 
extending into said end grooves in slidable relation to 
said body. . . . . 

12. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
nally spaced grooves therein separated by an intervening 
body portion; longitudinally spaced separate sets of cut 
ters disposed in said grooves and movable longitudinally 
of said body; coengageable cam means on said cutters 
and body for expanding said cutters outwardly of said 
body upon longitudinal movement of said cutters along 
said body; means for shifting one set of cutters longi 
tudinally of said body; and means slidable along said 
intervening body, portion for transmitting the longitudinal 
movement of said, one set of cutters to another set of 
CutterS. . . . . . . . . 

13. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
nally spaced grooves therein separated by an intervening 
body portion; longitudinally spaced separate sets of cut 
ters disposed in said grooves and movable longitudinally 
of said body; coengageable cam means on said cutters 
and body for expanding said cutters outwardly of said 
body upon longitudinal movement of said cutters along 
said body; means for shifting one set of cutters longi 
tudinally of said body; means slidable along said inter 
vening body portion for transmitting the longitudinal 
movement of said one set of cutters to another set of 
cutters; and means engageable with all of said cutters to 
limit the extent of their movement outwardly of said 
body. - 

14. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body; longitudinally 
spaced sets of cutters movable longitudinally of said body; 
coengageable cam means on said cutters and body for 
expanding said cutters laterally outwardly of said body 
upon longitudinal movement of said cutters along said 
body; means for shifting one set of cutters longitudinally 
of said body; and means for transmitting the longitudinal 
movement of said one set of cutters to another set of 
cutters; said shifting means and transmitting means hav 
ing stop portions initially spaced laterally outward from 
companion portions of said cutters, said stop portions 
being engageable with said companion portions to limit 
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the extent of movement of said cutters laterally outwardly 
of said body. 

15. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body; longitudinally 
spaced separately movable sets of cutters movable longi 
tudinally of said body; the outer portions of Said cutters 
collectively encompassing substantially the entire cir 
cumference of said body; coengageable cam means On 
said cutters and body for expanding said cutters out 
wardly of said body upon longitudinal movement of Said 
cutters along said body; means for shifting one set of 
cutters longitudinally of said body; and means for trans 
mitting the longitudinal movement of said one set of 
cutters to another set of cutters. 

16. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longi 
tudinally spaced external grooves around its entire cir 
cumference, the base of each groove having a tapered 
surface inclined in an upward and outward direction; lon 
gitudinally spaced sets of cutters in said grooves mov 
able longitudinally of said body, the cutters in each set 
having tapered surfaces companion to and engageable 
with the tapered surface of the groove in which it is dis 
posed, in order that upward movement of said cutters 
along said body shifts said cutters outwardly of said 
body; means providing a slidable connection between said 
body and each cutter to transmit the rotation of said 
body to said cutters and to guide said cutters in their 
movement outwardly of said body; means for shifting one 
set of cutters upwardly of said body; and means for trans 
mitting the upward movement of said one set of clutters 
to another set of cutters. 

17. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
naily spaced external grooves around its entire circum 
ference separated by an intervening body portion, the base 
of each groove having a tapered surface inclined in an 
upward and outward direction; longitudinally spaced Sets 
of cutters in said grooves movable longitudinally of said 
body, the cutters in each set having tapered surfaces com 
panion to and engageable with the tapered surface of the 
groove in which it is disposed, in order that upward 
movement of said cutters along said body shifts said cut 
ters outwardly of said body; means including a sleeve en 
compassing said body and engageable with a lower set 
of cutters for shifting said lower set of cutters upwardly 
of said body; a thrust sleeve slidable along said interven 
ing body portion engageable with said upper and lower 
sets of cutters for transmitting the upward movement of 
said lower set of cutters to said upper set of cutters; and 
means providing a slidable connection between said body 
and each cutter to transmit the rotation of said body to 
said cutters and to guide said cutters in their movement 
outwardly of said body. 

18. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
nally spaced external grooves around its entire circum 
ference, the base of each groove having a tapered surface 
inclined in an upward and outward direction; longitudi 
nally spaced sets of cutters in said grooves movable longi 
tudinally of said body, the cutters in each set having 
tapered surfaces companion to and engageable with the 
tapered surface of the groove in which it is disposed, in 
order that upward movement of said cutters along said 
body shifts said cutters outwardly of said body; means in 
cluding a sleeve encompassing said body and engageable 
with a lower set of cutters for shifting said lower set of 
cutters upwardly of said body; a thrust sleeve engageable 
with said upper and lower sets of cutters for transmit 
ting the upward movement of said lower set of cutters 
to said upper set of cutters, said cutters engaging said 
sleeves to limit the extent of movement of said cutters 
outwardly of said body; and means providing a slidable 
connection between said body and each cutter to transmit 
the rotation of said body to said cutters and to guide 
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12 
said cutters in their movement outwardly of said body. 

19. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
nally spaced external grooves around its entire circum 
ference, the base of each groove having a tapered Sur 
face inclined in an upward and outward direction; longi 
tudinally spaced sets of cutters in said grooves movable 
longitudinally of said body, the cutters in each set having 
tapered surfaces companion to and engageable with the 
tapered surface of the groove in which it is disposed, 
in order that upward movement of said cutters along 
said body shifts said cutters outwardly of said body; 
means for shifting a lower set of cutters upwardly of 
said body; said body having longitudinally extending 
grooves between said external grooves; longitudinally 
movable plates in said longitudinal grooves engageable 
with the lower set of cutters and upper set of cutters 
for transmitting the upward movement of the lower set 
of cutters to the upper set of cutters; and means provid 
ing a sidable connection between said body and each 
cutter to transmit the rotation of said body to said 
cutters and to guide said catters in their movement out 
wardly of said body. 

20. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body having longitudi 
nally spaced external grooves around its entire circum 
ference separated by an intervening body portion, the 
base of each groove having a tapered surface inclined 
in an upward and outward direction; longitudinally spaced 
sets of cutters in said groove movable longitudinally of 
said body, the cutters in each set having tapered Surfaces 
companion to and engageable with the tapered surface 
of the groove in which it is disposed, in order that upward 
movement of said cutters along said body shifts said cut 
ters outwardly of said body; means for shifting a lower 
set of cutters upwardly of said body, comprising an 
annular cylinder slidable on said body, means for feeding 
fluid under pressure into said cylinder to move said cyline 
der upwardly of said body; and means slidable longitudio 
nally along said intervening body portion for transmit 
ting the upward movement of said lower set of cutters . 
to an upper set of cutters. 

21. In an expansible drill bit to be lowered in a well 
bore on a running-in string: a bit body; cutters movable 
longtudinally of said body; coengageable cam means on 
said cutters and body for expanding said cutters later 
ally outwardly of said body upon longitudinal movement 
of said cutters along said body; coengageable holding 
surfaces on said cutters and body substantially paralled to 
the axis of said body for preventing inward movement 
of said cutters from their outward expanded position; 
means for shifting said cutters longitudinally of said body 
to cause said cam means to expand said cutters outwardly 
of said body and to then engage said coengageable hold 
ing surfaces with each other; and means initially spaced. 
from portions of said cutters and engageable with said: 
cutter portions, when said coengageable holding surfaces 
are in engagement with each other to limit the extent of 
movement of said cutters laterally outwardly of said body; 
said last-mentioned means being disposed between said 
cutters and engageable with said cutters to guide said 
cutters in their movement laterally outwardly of said 
body. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,678,075 Phipps ———————————————— July 24, 1928 
1931 ,30 DeakinS --------------------- June. . . 12,039 8?1 
1931 ,8 .WellS --------------------------- Dec 193 ?1,835 

1878,578 Crum ---------------- Sept. 20, 1932. 
1908,594 Foster ---------------- May 9, 1933 
1938,960 Grant --------------- Dec. 12, 1933 
2,404,692 Church ---------------- July 23, 1946 
2,464,390 Hammer -------------- Mar. 15, 1949 

1952 ,15 .OneS ----------------------- Jan? . .582,700?2 
2,603,292 Page ------------------ July 15, 1952 


