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4 claims. (o1. 2st-s6) v 

l 
This invention relates to an expansion drill 

particularly suited for expanding drill holes in 
oil, water, or gas formations. 
One important object .of the present inven 

tion is to provide a drill of the type stated ex 
pandable Within the drill hole in a manner to 
drill out larger openings in productive forma 
tions. 
Another object is to provide a drill of the 

’ character described expandable by pressure ap 
plied through the medium of a piston, and 
equipped with a means for relieving said pres 
sure when the drill cutters hang up on the wall 
of the drill hole or are receiving too much pres 
sure. 
»Another important object is to provide a drill 

of the character described wherein the pressure 
applied through the medium of the piston causes 
normally flattened longitudinally extended 
spring cutters to be bowed outwardly radially 
of the drill in a manner to engage and enlarge 
the wall of the previously drilled hole. 
With the foregoing and other objects in View 

which will appear as the description proceeds. 
the invention consists of certain novel details 
of construction and combinations of parts here 
inafter more fully described and pointed out 
in the claims, it being understood that changes 
maybe made in the construction andarra'nge 
ment of parts without departing from the spirit 
of the 'invention as claimed. ` 

Referring to the drawings 
Figure ‘1 is a side elevational View of a drill 

formed in accordance with the present inven 
tion, the cutters being illustrated in their 
straightened or inoperative position. 

Fig. 2 is a similar view, the cutters being 
bowed outwardly to operative position. 

Fig. 3 is an enlarged section taken substan 
tiaily online 3;-3 of Fig. 1. _ 

Fig. 4 is Van enlarged longitudinal section 
through the lower portion of the drill, vportions 
being broken away. , K 

Fig. 5 is a section taken' on line 5-5 of Fig. 4. 
Fig. 6 is a section on line 6~~ß of Fig. 3.. 
Fig. '1 is a section on line 'I-l of Fig. 4. 
Fig. '8 is a sectiony on line a-s of Fig. 3. v 
Referring to the 4drawings in detail, apiston 

cylinder l is threaded at its upper end for ‘cori-V 
nectiòn to a pipe section 2„ said pipe section beà 
ing the iowermost section of the drill pipe which, 
es will be understood, extends upwardly to the 
surface'. _ r, 

_Reciprocable within the ‘piston cylinder I -is 
the piston 3 and overlying the piston is the 
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2 . 
ywasher valve 4 having the diametrically opposed 
slotted` openings 5 which are adapted to be 
brought into and out of register with diametri 
cally opposed circular openings 6 formed in the 
piston. . , 

1As illustrated in Fig. 6 the walls of these open 
ings 5 are elongated and the side walls thereof 
converge -so that the openings taper in opposite 
directions. n 

Extending through the center of the piston 
is a hollow shaft 'I on which the .piston has 
up' and down sliding movement when the 
piston slides upwardly and downwardly within 
the piston cylinder I. The upper end portion 
of the shaft 1 has the elongated longitudinal 
keyway 8, for the reception of a tongue 4’ car 
ried by the washer valve 4, which slides upward 
ly and downwardly with the piston, but is held 
against rotation relative to the hollow shaft. 
The piston itself, however, can rotate relative 
to said hollow shaft. r 
The lower end of the piston is formed as a 

pressure plate 9, and connecting the top end 
of said piston 3 to said pressure plate 9 is the 
cylindrical sidewall I9 defining a hollow cham 
ber with the piston and the pressure'plate. A 
tubular shaft 1 extends through the piston 3 and 
the pressure plate 9 axially through the cham 
ber and the bore of the shaft is an opening II 
formed in the shaft. 
Diametrically opposed longitudinal slots I2 

are provided in the lower _end portion of the cyl 
:InderI I and sliding in these >slots are outwardly 
extending diametrically opposed lugs I3 carried 
bythe pressure plate 9. The lugs I3 bearagainst 
a spacer sleeve I4 that surrounds the lower end 
of the >cylinder I. Therefore, downward move 
inent of the piston carries with it the spacer 
sleeve I4. The lower Aend of the cylinder I has' 
an annular inturned flange I5 on which seats 
an octag'onal plate IB which is threadedly con 
nected. to the lower end of the hollow shaft 'I 
and carries a depending' hollow circular sleeve 
I'I. 
'Surrounding the sleeve I1 isa torque spring 

Í 8, one end of which is engagedby a depending 
lug I9 carried by thevlower end of the cylinder 
I. `The other end of the spring I8 abuts an 
outwardly extending lug 20 carried by said sleeve 
I1 carried by the sleeve and depending from the 
lower end thereof is a hollow drive shaft 2l 
which is square in cross section. Slidable on 
the portion of the shaft 2| adjacent the sleeve 
I1 >is a movable upper collar 22 having a plu 

f. i‘ality of pairs of ears 23 here shown as four in 
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number. A fixed bottom collar 24 is rigidly se 
cured to the lower end of the shaft 2| and has 
ears 25. Extending between the ears 23 are con 
necting pins 26 on which are pivotally mounted 
the upper ends of elongated longitudinally ex 
tended cutters 21 of spring material having the 
cutting teeth 28 formed on their outer surfaces. 
The lower ends of said cutters are pivoted upon 
cross pins '29 extending between the ears 25. 
Spaced from top to bottom of the hollow drive 

shaft 2| are ñuid circulation openings 30, that 
are continuously open. A bottom circulation 
opening 3| is normally clpsed by a ball valve 32, 
mounted upon the pivoted arm 33, which is piv 
otally mounted intermediate its ends upon the 
lower end portion of the shaft 2|. To the other 
end of the arm 33 is pivotally connected the 
valve release rod 34 extending longitudinally 
adjacent the shaft 2|, and slidable at its other 
end in the collar 36 secured toan intermediate 
portion of said shaft. Spring 35 surrounds the 
upper end of said valve release rod ‘34, and nor 
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mallyholds the ball valve 32 seated in position _ 
to close the opening 3|. 
In use, the drill is lowered into a previously 

drilled small drill hole, with the cutters in the 
position shown in Fig. l and the openings 5 and 6 
in the washer valve 4 and piston 3 out of registry. 
When it is desired to begin expanding the drill 
hole, fluid pressure is applied through the drill 
pipe sections to the top of the cylinder' |. While 
the drill pipe 2 and the cylinder | are being 
rotated. Since the cylinder | is being rotated, the 
piston will also be rotated with the cylinder since 
the lower end of the piston is provided with the 
lugs |3 that extendthrough slots in the cylinder 
|. The piston, of course, also has up and down 
movement relative to said cylinder. 
As the piston moves downwardly, the lugs I3 

will press downwardly the spacer sleeve | 4 which, 
it may be noted, is not rotated directly by the 
cylinder |. Thelower end of the spacer sleeve 
|4 bears against the upper collar 22 to which the 
upper ends of the springable cutters 21 are con 
nected. This forces the collar 22 downwardly. 
As a result, the cutters 21 will be bowed outwardly 
as in Fig. 2, and will expand into contact with the 
walls of the opening to be expanded, and the cut 
ters 28 will then scrape away the sides of said 
drill hole, thus to expand the hole substantially. 
As will be appreciated, the outwardly bowed 

cutters 21 rotate for the purpose of expanding the 
drill hole. In this connection, it may be noted 
that rotation of the cylinder | causes rotation of 
the spring E8 by reason of the lug |9 of the cylin 
der that engages the upper end of the spring. 
The spring I8 will in turn engage the lug 20 on 
the upper end of the drive shaft 2 | , rotating said 
drive shaft and, as a result, the cutters 21. Dur 
ing normal operation of the device, the piston 
will be forced downwardly and will be held in its 
lower position by the pressure thereupon, per 
mitting regular operation of the drill. However, 
assuming that the cutters 21 might hang up upon 
some obstruction encountered thereby, resistance 
to rotation initiated by the hung cutters will be 
transmitted by the lug 20 to the spring I8 caus 
ing the spring to yield. Continued rotation of the 
cylinder | causes the spring I8 to transmit rotary 
motion to the hollow shaft 1 by Way of the lug 
I9 and as a result, the washer valve 4 will rotate 
relative to the piston 3 so as to bring the large 
portions of the slot 5 of the washer valve 4 into 
registry with the openings 6 of the piston. >The 
pressure upon the piston will be thereby relieved 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

'4 
as the fluid may escape through the openings 6 in 
the upper end of the piston into the chamber and 
thence downwardly through ythe opening || in 
the hollow shaft 1 and into the well hole through 
the slots |2 and the ñuid circulation openings 30 
of the drive shaft 2|. 

Relief of pressure upon the piston immediately 
causes the piston to move upwardly, flattening 
out the cutters 21 so that the cutters 21 are freed 
from any obstruction on which they may have 
become hung. 

It will be understood that the reason for form 
ing the slots of the washer valve as illustrated 
is to allow the flow of fluid through the register 
ing slots and piston openings to become larger 
as the hollow shaft moves into position where the 
slots and openings begin to register. 
In the upper end of the hollow shaft 1 is 

mounted a check valve 31, which allows circulat 
ing fluid to pass downwardly through the hollow 
shaft and through the circulation openings 30 
when the device is not rotating, thus to permit 
clearance of or circulation of the cuttings to allow 
for further rotation of the tool. The check valve 
opens above a predetermined pressure. 

Referring to the ball valve 32, this is opened 
whenever the collar 22 is moved downwardly to 
a position in which it will engage the upper end 
of the valve release rod 34. As a result, the ball 
valve 32 is lifted offV its seat, so that pressure is 
directed through the bottom opening so as to 
clear the drill hole immediately below the dee 
vice for further use of the device. 
What is claimed is: 
l. In an expansion drill for enlarging a well 

hole below the surface of the ground said drill 
being of the type employing elongated cutters 
adapted to be bowed outwardly into contact with 
the wall of a Well hole and rotated in contact 
therewith, means for rotating said cutters and 
bowing them into contact with the wall of the 
well hole comprising, a cylinder adapted to be 
rotated Within a well hole, a piston working with 
in said cylinder and operatively connected to the 
cutters for bowing them outwardly as it ad 
vances within the cylinder, means for introducing 
fluid under pressure into said cylinder to advance 
the piston, a pressure relief valve carried by the 
piston, yielding means carried by the cylinder 
and operatively connected to the cutters for 
establishing rotary driving connectionbetween 
the cylinder and the cutters, and means opera 
tively connected to the cutters and to the pres 
sure relief valve for opening said valve and per 
mitting the escape of fluid from the cylinder when 
the resistance of the cutters to turning attains a 
predetermined value. 

2. The structure recited in claim 1 in which 
the piston has openings extending longitudinally 
therethrough, the pressure relief valve comprises 
a disk mounted on the piston to rotate'about the 
longitudinal axis thereof, and said disk has open 
ings extending therethrough which in one posi 
tion of the disk register with the openings in 
the piston. » 

3. In an expansion drill, an elongated :duid 
pressure conduit mounted to rotate about its 
longitudinal axis within a well hole, a piston 
mounted in the conduit to move longitudinally 
and to rotate therewith adjacent the end thereof 
adjacent the bottom of the well hole, a cutter 
drive shaft carried by the conduit for rotation 
relative thereto, said drive shaft projecting lon 
gitudinally from the conduit toward the bottom 
of the Well hole, a collar carried by the cutter 
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drive shaft for movement longitudinally thereon 
adjacent they conduit, circumferentially spaced 
outwardly bowable cutters carried by the cutter 
drive shaft and connected to the collar, a tortion 
spring carried by the drive shaft and operatively 
engaging the conduit and the drive shaft for 
rotating the drive shaft when the conduit is 
rotated, means carried by the collar and opera 
tively connected to the piston for moving the 
collar longitudinally on the drive shaft and bow 
ing the cutters when ñuid entering the conduit 
exerts pressure on the piston, a‘ pressure relief 
valve carried by the piston, and means opera 
tively connected to the drive shaft and to said 
pressure relief valve for opening said valve and 
permitting the escape of fluid pressure-from the 
conduit when resistance to the turningjof the 
drive shaft by the spring attains a predetermined 
value. y 

4. In an expansion drill for enlarging a well 
hole below the surface of the ground, an elongated 
cylinder mounted in the well hole for rotation 
about its axis, an elongated cutter drive shaft 
carried by the cylinder and projecting longitu 
dinally therefrom, said cutter drive shaft being 
rotatable relative to the cylinder about the axis 
thereof, a piston mounted Within the cylinder 
for movement under the influence of fluid pres 
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sure within the cylinder, circumferentially 
spaced outwardly bowable cutters carried by the 
drive shaft and operably connected to the piston, 
said cutters being adapted to be bowed outwardly 
as the piston advances toward the cutter drive 
shaft under the influence of ñuid pressure within 
the cylinder, a pressure relief valve carried by 
the piston and operatively connected to the cut 
ter drive shaft for permitting the escape of fluid 
from the cylinder when the cutters resist turn 
ing, and yielding means carried by the drive shaft 
and operatively engaging the cylinder for yield 
ingly holding the valve closed and establishing 
driving connection between the cylinder and the 
drive shaft. 

WILLIAM E. COYLE. 
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