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The present invention relates to earth boring 
tools, and is more particularly directed to expan 
Sible rotary drill bits which are capable of drilling 
or enlarging a bore hole below a casing string to 
a larger diameter than that of the inside diameter 
of the casing string. 

It has been difficult, and sometimes impossible, 
to increase the size of certain bore holes below 
well casing to a substantially larger diameter 
than the inside diameter of the well casing. In 
holes drilled through comparatively hard forma 
tions, extensive increase in their diameters below 
well casing has been accomplished only at high 
cost and the expenditure of considerable time. 

Accordingly, an object of the present invention 
is to provide an arrangement of drill bits which 
can drill or increase the diameters of bore holes 
to a considerably greater extent than the inside 
diameter of a well casing through which the bits 
are capable of passing, with their respective cut 
ters in retracted positions. 
Another object of the invention is to provide 

a drill bit arrangement capable of enlarging a 
bore hole below a casing string to a substantially 
greater diameter than the inside diameter of the 
casing string, at less time and at a substantial 
Saving in cost. Fewer round trips are required 
in and out of the well bore in effecting the desired 
ultinate increase in the diameter of the hole. 
A further object of the invention is to provide 

a tandem arrangement of expansible drill bits, in 
which assurance is had that the respective cutters 
of the bits are expanded outwardly to their full 
reaming diameters. In addition, the respective 
cutters of the bits are held positively in their 
maximum expanded positions so as te preclude 
the drilling of undergauged holes, 

Still another object of the invention is to pro 
vide a tandem arrangement of expansible çdrill 
bits, in which a higher bit enlarges the hole to 
a greater diameter than a lower bit, and in which 
the tandem bit assembly is capable of commenc 
ing the hole enlarging operation of bottom and 
at any desired point along the length of the exist 
ing hole, 
Yet a further object of the invention is to rely 

upon the formation shoulder produced by the 
expanded cutters of a lower bit to enable the cut 
ters of an upper bit to be expanded outwardly. 
In this connection, the lower bit cutters may be 
expanded outwardly to their fullest extent before 
the upper cutters can be expanded outwardly to 
a still greater extent, thus insuring the progres 
Sive enlargement of the bore hole, with each bit 55 
performing its proper share of the work. 
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Another object of the invention is to provide a 

tandem assemblage of drill bits, the bits being 
easily secured to and detachable from one another 
in any reasonable number, to obtain progressive 
increase in the hole diameter produced by an 
upper bit over the holesize produced by the adja 
cent lower bit 

This, invention possesses many other advan 
tages, 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, specifi 
ation. 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 limit 
ing sense, since the scope of the invention is best 
defined by the appended claims, 

Referring to the drawings: 
Figure 1 is a longitudinal section, with parts in 

elevation, through a tandem arrangement of ex 
pansible drill bit apparatus, with the parts in 
retracted position for lowering through the well bgre; 

Fig. 2, is a view similar to Fig. 1, with the parts 
of the drill bits expanded outwardly to their full 
reaming diameters; 

Fig. 3 is an enlarged cross-section taken along 
3 on Fig. 1; ... - - - - - - - , , 

Fig. 4 is an enlarged cross-section taken along 
the line 4-4 on Fig. 1; 

Fig. 5 is an enlarged cross-section taken along 
the line 5-5 on Fi 

Fig. 6 is a longitudinal section, on an enlarged 
scale, of the upper expansible drill bit illustrated 
in Fig. 1; - 

Fig. 7 is an enlarged longitudinal section 
through the lower drill bit disclosed in Fig. 1; 

Fig. 8 is a longitudinal section through a triple 
tandera drill bit apparatus, with the parts in 
retracted position; 

Fig. 9 is a side elevational view of the apparatus 
shown in Fig. 8, with the lower cutter enlarging 
the hole; 

Fig. 1) is a view similar to Fig. 9, with the lower 
and intermediate cutters enlarging the hole; 

Fig. 11 is a view similar to Fig. 9, with the lower, 
intermediate and upper cutters enlarging the 
hole. 
A tandem arrangement of upper and lower drill 

bits A, B is disclosed in the drawings, which is 
adapted to be lowered through a string of well 
casing (not shown) into a bore hole below the 
lower end of the casing, for the purpose of en 
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larging the diameter of the bore hole to a con 
siderable extent. The lower bit B will enlarge 
the bore hole diameter to an intermediate size, 
whereas the upper bit A is capable of increasing 
the size of the bore hole to a greater diameter 
than that produced by the lower bit. Additional 
bits can be mounted in tandem fashion above the 
upper bit, and their cutters expanded outwardly 
to progressively greater extents for the purpose of 
greatly enlarging the bore hole diameter in step 
by-step fashion. 
The drill bit assemblage A, B disclosed in Fig. 1 

is lowered in the well bore on the lower end of 
a string of drill pipe C, preferably with the re 
spective cutters of the drill bits in retracted posi 
tions. The assemblage may commence both drill 
ing and enlarging a hole D below the well casing 
shoe (not shown) or it may merely enlarge an 
existing bore hole, as desired. As disclosed in the 
drawings, a pilot bit 0 is secured to the main 
body of the lower expansible drill bit B, for 
the purpose of cutting a new hole or assist in cen 
tering the bit assembly in an existing hole. The 
cutters 2 of the lower expansible bit are adapted 
to form a shoulder E in the formation, and then 
operate upon such shoulder in a downward direc 
tion to form a bore hole F of increased diameter. 
The cutters 3 of the upper expansible bit A are 
adapted to form an annular shoulder G in the 
formation around the larger hole F produced by 
the lower expansible bit cutters 2, and Operate 
upon such formation shoulder to form a well bore 
H of still further increased diameter. 
The lower drill bit B is illustrated and described 

in my United States Patent No. 2,466,991, and in 
my application for “Expansible Drill Bit,' Serial 
No. 43.789, filed August 12, 1948. The upper drill 
bit A jS described and claimed per Se în my ap 
plication for “Expansible Rotary Drill Bits,' 
Serial No. 137,535, filed January 9, 1950. 
The upper end of the lower expansible bit B 

consists of a driving mandrel 4 whose upper pin 
5 is threaded into a box 6 formed at the lower 
end of the main body f1 of the upper expansible 
drill bit A. This lower mandrel 4 includes an 
upper kelly or drill stem member 8 slidably 
splined to or telescoped within the main body if 
of the bit. As Specifically disclosed in the draw 
ings, the exterior 9 of the kelly is hexagonal in 
shape, being telescoped within a companion hex 
agonal socket 29 within the body. The mandrel 

has a limited range of longitudinal movement 
within the body ( , by virtue of engagement of an 
external shoulder 2 on the kelly 8 with a re 
tainer ring 22 on the upper end of the body, which 
is suitably secured to the latter, as by the use of 
welding material 23. 
The lower body (see Fig. 7, particularly) has 

a plurality of expansible parts mounted on it, 
comprising cutter supporting members 24 piv 
otally mounted in body slots 25 on pivot or hinge 
pins 26 suitably secured to the body. Each cutter 
Supporting member 2; consists of a depending leg 
2 having a bearing supporting pin 28 inclined in 
Wardly and downwardly, and on which a roller 
side cutter 2 is rotatably mounted. Anti-friction 
roller and ball bearing elements 29, 30 are placed 
between each cutter 12 and bearing pin 28, in 
Order to transmit the radial and axial thrusts im 
posed upon the cutter. The ball bearings 30 also 
retain each cutter 2 on the pin 28, being in 
Serted in place through a paSage 3 in the bear 
ing pin, which is then closed by a plug 32 welded 
to the pin. The plug or pin 32 depends from the 

5 

20 

30 

3 5 

40 

5 5 

4. 
Each cutter supporting member 24 also in 

cludes an upwardly extending arm 33 against 
which an elastic or compressed coil Spring ex 
pander 34 bears. This expander is received with 
in a retainer pocket 35 in the body í í, and exertS 
its force against the arm 33, tending to swing it 
inwardly and thereby urge the cutters 2, on the 
other side of the fulcrum pin 26, in an outward 
direction. The extent of this outward movement 
is limited by engagement of the cutter support 
ing member with shoulders 36 of the body on Op 
posite sides of the slots 25, which shoulders func 
tion as stop members. 

After the cutters 2 have been expanded out 
wardly by the expander Springs 35 to the maxi 
mum extent, they can be locked in this position by 
a tubular member 3 of the mínandrel í 43, which 
member is piloted in the kelly 3. This member 
37 is provided with a lock portion 38 movable 
from an upper position in transverse alignment 
with recesses 39 formed in the Supporting men 
bers 2A, permitting retraction of the cutters 2, 
to a lower position opposite lugs 43 formed on 
and projecting in Wardly from the Supporting 
member legs 27, preventing retraction of the cut 
terS 2. 
The tubular member 3 may be connected in 

Swive fashion to the kely 3 to permit relative 
arcuate rotary movement; therebetween, which 
can occur to a slight extent. However, the kelly 
8 and tubular member 3 are coupled together 

for movement in both directions. This is accom 
plished by providing an anti-friction thrust bear 
ing 4 between a boSS or shoulder 42 on the tubu 
lar member 3 and the kelly 3. The shoulder 42 
is received within a socket 43 in the kelly, and has 
a toroidal raceway 44 on its exterior around which 
a plurality of bearing balls 45 can be disposed. 
These balls are also received in an opposed toroi 
dal raceway 46 in thekely 8. 
The balls 45 are insertable into and between the 

raceways 44, 46 through a hole Å i extending 
through the external kelly shoulder 2 and coin 
municating with the internal race 46. After the 
balls have been thus disposed in position, the hole 
is closed by a suitable plug 48 which is prevented 
from moving outwardly of the kelly by the inner 
Wall of the Surrounding body . 
The tubular member 3 has an upper portion 

49 extending into the central bore 5G of the kelly. 
Fluid pumped down the drill string C can flow 
through the upper drill bit A, and through the 
kelly pin 5 into the central passage 5 in the 
tubular member 37. Such fluid may be prevented 
from flowing around the exterior of the tubular 
member by suitable packing 52 disposed between 
its boss 42 and the kelly 8. - 

8) 

65 

Because of the swivel connection 4 , the kelly 
Í 8 and tubular member 3 are caused to move 
jointly in both directions, but they are free to 
partake of relative movement with respect to 
each other. * 
The mandrel 4 may normally be held in its 

upper position with respect to the main body 
and the supporting members 24 by a helical re 
tractor Spring 53 encircling the tubular member 
37, with its upper end engaging the mandrel 
shoulder 62 and its lower end engaging a spring 
seat 54 at the lower end of the hexagonal body 
Socket 2. This Spring seat 53 also serves as an 
upper bearing guide for the tubular member 37, 
whose lower end is slidable within a lower bearing 

paSSage 3i and is used to hold the cutters 2 in 75 
retracted position, as described below, 

guide 55 below the lugs 48, which guide is integral 
with or secured to the main body of the bit. 
The lower drill bit B may also be provided with 
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a lateh device for retaining the cutters 2 initially 
in retraeted positions against the expansible 
forces of the springs 34. This device includes a 
holding plate 56 secured to the lower end of a 
Central rod 57 projecting upwardly into the tubu 
lar member passage 5 . The holding plate or 
member 56 has spaced holes 58 in its outer por 
tion for receiving the lower ends of the ball bear 
ing plugs 32. 
When the holding device is disposed over the 

plugs 32, the cutter supporting inenbers 24 are 
prevented front expanding under the irifluence 
of the eompressed springs 34, thereby holding the 
cutters 2 in retracted position. Release of the 
helding device can occur hydraulically through 
aid of a ball 59, which may be dropped down the 
drill string C into engagement with the rod 5'., 
Or which may be placed in the lower drill bit 
passage 6 prior to its disposition in the well bore. 
During lowering of the apparatus through the 
well bore; the ball 59 may be lifted into the larger 
passage 59 through the kelly pin, for the purpose 
of allowing upward flow of fluid through the bits 
B, A and drill pipe C. 
As explained below, when the point in the well 

bore has been reached at which the reaming op 
eration is to begin, the latch device 5S is ejected 
hydraulically from the cutter mechanism, allow 
ing the Šprings 34 tö expänd and ürge the cutters 
f2 in an outward direction to enlarge the well 
bore. 
The lower expansible drill bit B will enlarge 

the well bore to a certain intermediate diameter. 
The upper expansible drill bit A can enlarge the 
well bore to a still greater diameter. As shown 
most clearly in Fig. 6, the main body of this 
upper bit is sectired to the mandrel 4 of the 
löwer bit B köy threading the upper body box 46 
onto the mandrel pin i 5. An upper tubulair mán 
drel 66 is piloted within the upper body and has 
its upper end forined as a threaded in Which 
can be screwed into a sub 62 that constitutes the 
lowermost portion of the string of drill pipe C. 
The upper maridrel 6 includes an upper kelly 
or drill stem member 63 sidably splitiedi tó the 
main body of the bit, as by forming the exterior 
66 of the kelly of hexagonal shape and providing 
a corresponding hexagonal socket e5 in the body. 
The mandred 30 has a predetermined range of 
longitudinal movement within the body, its up 
ward movement being limited by engagement of 
an external shoulder 66 on the kelly with the 
retainer ring 67 at thé upper eind of the body J, 
the ring being suitably secured to the latter, as 
by tise of welding material 63. 
The upper body 7 is provided with a longi 

tudinal transverse slot 69 extending through it, 
in which a pair of opposed cutter supporting 
members t e are disposed. These cutter support 
ing members have their upper endis incourt?d ön 
pivot or hinge pins extending across the loody 
slot and siitably secured tó the body. Tàe cútter 
Supporting members or legs depend from these 
hirage pins to a substantial extent, each having 
a lower bearing supporting pin 2 on Wihich a side 
cutter 3 is rotatably mounted. Anti-friction 
roller and ball bearing elements 73,74 are dis 
posed between each bearing supporting pin 72 
and cutter 3, to transmit the radial and axial 
bearing loads therebetween, the ball bearing eie 
ments 74 also serving to retain the cutter 3 on 
the supporting pin 2. 
As in the lower bit B, the ball bearing elements 

14 may be inserted between each cutter and its 
associated pin through a passage 75 in the latter, 
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which is closed by a suitable plug 76 welded, or 
atherwise suitably attached, to the piri. The 
plugs 36 depending from the bearing pins 2 can 
be availed of for holding the stipporting legs if) 
and cutters 3 in retraeted position, as described 
5elow. 
The oppositely disposed bearing supporting 

3members arid their cutters may occupy retracted 
positions substantially entirely within the con 
fines of the upper body 7. They may be ex 
"panded outwardly of the body to a larger effective 
'diameter than the maximum rearning diameter 
of the cutter's 2 of the lower bit B. In expand 
.irig the upper cuttei's 3, their supporting legs 79 
-are swung outwardly about the hinge pins to 
a predeterrained extent. The device for expand 
ing the upper cutters includes a lower tubular 
member 7, forming part of the upper mandrel 
'88, and piloted within a lower Socket 8 in the 
kelly 63. The kely 63 and lower tubular member 
3 are assembled together for joint longitudinal 
movement through a SWivel connection 9 that is 

- sübstantially the same aš the swivel connection 
44 between the lower kelly 8 and lower tubular 
member 3. This SWivel connection 9 enables 

- the upper kelly 53 and tübüllar miember 77 to shift 
aragudarily Witha rèspect to cóñe another, but couples 
them together for conjoint longitudinal move 
ment in bot?a öirectidõns. 
The tibular member 7 extends downwardly 

through a guide washer and stop element 80, rest 
ing upon a shoulder 8 formed on the body. This 
washer initially is disposed below the lower end 
of the kelly 63, so as to allow the kelly and tubular 
'memaber ' to be fimoved downwardly, for the pluir 
posse of holding the upper cutters 3 and their 
-supporting members 0 in an outward position. 
In addition, the kelly 63 and tubular member 77 
iresist inward noyement of the cuitters 3 fron 
their outward pesition, and, under Some condi 
tions of usage of the eduipment, can actually shift 
the cutters 3 to their outwardly expanded posi 
tion. The tubular member 77 is also slidable in 
ã jöwer guide 82 integral with thê body, and 
forming a support for the tubular member 2, to 
resist its lateral naovement. The lower end of 
the tubular member is also slidable in the body 
box f6, communicating with the passage 50 in the 
lower maridre 3. 
The titular member 7 of the mandrel 6) also 

has a cupashaped thirtist head 83 intermediate 
the upper and lower guides 80, 82, provided with 
a dependiag skirt 84 terrinating above a thrust 
block 85 slidable along the exterior of the tubular 
niepaaber 7 below its skirt 84. The block SS has 
longitudinal slots 85 on opposite sides of the 
mandrei in alignment with the cutter supporting 
legs 70, to carry a pin 87 on each side of the 
riaandrel on which the upper ends of inclined 
thrust links 88 are pivoted. The lower end of 
each link is attached to the cutter supporting 
member 70 by means of a lower pin 89, at a point 
"which is intermediate the hinge pila T and cutter 
-3. 
The 11pper cutters 3 may be expanded Gut 

Wardly Upora dÓWinward howerheit of the Hañ 
“dre1 60 with respeèt tö the bod? ? ?, Wh?öh causes 
- the lower end of the skift 84 to engage the bók 
85, shifting the latter downwardly and swinging 
the legs to outwardly about their hinge pins , 
through the agency of the thrust links 88. If de 
sired, outward expansion of the upper cutters S 
and their supporting legs 70 may be accomplished 
by a helical congression spring 90, disposed with. 
in the skirt 84 and bearing at its upper end upon 
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the head 83 and at its lower end upon the thrust 
block 85. It is evident that this Spring 90 tends 
to urge the thrust block 85 downwardly and the 
legs 70 in an outward direction. 
The upper cutters 3 may be releasably locked 

in retracted position by a holding device, to 
insure the downward passage of the bit assen 
blage A through the casing, and the Well bOre 
below the casing, to the desired point at which 
the hole enlarging operation is to connence. 
This holding device may include a rod or eye 
element 9 for each cutter threaded into the 
tubular member 7, and having a hole 92 receiv 
ing the lower end of the ball retaining plug 6. 
These elements 9 will prevent OttWard expan 
sion of the cutters 3 until the elements are 
moved downwardly from the plugs 76, as by 
moving the tubular mandrel 6 downwardly With 
respect to the body 7. The lower end of the 
mandrel skirt 84 is disposed a sufficient distance 
above the thrust block 85, when the cutters 3 
are in their initial retracted position, to insure 
the downward removal of the lock or latch ele 
ments 9 from the plugs 76 before the skirt 84 
can engage the thrust block 85. Without such 
relative positioning of the parts, it may be diffi 
cult, if not imposssible, to unlatch the cutters 
i3, since prior engagement of the skirt with the 
thrust block would preclude further downward 
movement of the mandrei 6 within the upper 
body . 
As noted above, the upper mandrel 60 is slid 

able in the threaded box 6 at the lower end of 
the bit body , leakage around the exterior of 
the mandrel being prevented by a suitable side 
seal 93 in a box groove 94 slidably engageable 
With the exterior of the tubular mandrel. Ac 
cordingly, the fluid pumped down the drill pipe 
C can pass through the upper kelly passage 95 
and the tubular mandrel passage 95, for dis 
charge into the lower kelly passage 50 and into 
the lower tubular member 3, for the purpose 
of releasing the lower latch member 56, and 
thereafter discharging into the well bore to flush 
the cuttings to the top of the well bore. 
The depending leg portions 2 of the lower 

cutter supporting members 24 are of such length 
as to enable the cutters 2 to be expanded later 
ally to a predetermined maximum diameter, in 
order to enlarge the well bore to an intermediate 
size F. The upper cutter supporting members 
or legs are substantially longer than the 
lower legs 27, to enable the cutter elements 3 
to be swung outwardly or expanded to a great 
er effective diameter than the lower Cutters 2, 
in order to obtain a still further enlargement 
H of the bore hole diameter. The extent of 
expansions of the respective upper and lower 
cutters 3, 2 is properly selected to insure the 
effective operation of the drill bit apparatus in 
ultimately, increasing the diameter of the bore 
hole to the required amount. 
The drill bit apparatus is assembled with the 

upper and lower cutters 3, 2 in retracted posi 
tions, in the Inanner illustrated in Fig. 1, and 
With the upper mandrel pin 6 threaded onto 
the lower end of the drill pipe C. The upper 
and lower latches 9, 58 are in place, in order 
to lock the cutters in their respective retracted 
positions. . 
The apparatus is lowered through the well 

casing (not shown) until it reaches the location 
in the well bore at which the hole enlarging 
operation is to take place, which may be above 
the bottom of a previously drilled hole below the 
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casing shoe (not shown). When this point is 
reached, the tandem drill bits A, B are rotated 
at the proper speed without imposing any down 
ward weight upon them. The pumps at the top 
of the well bore are started, to impose preSSure 
on the drilling fluid or mud in the drill pipe 
C and the bits A, B. The pressure acts on the 
ball 59 in the lower bit B (which may have been 
previously inserted in the bit), this ball func 
tioning as a piston and causing the stem 5 and 
locking plate 56 to be shifted downwardly and 
ejected from the lower bit. Removal of the lock 
ing plate 586 frees the lower cutters i 2 and their 
supporting members 24 from restraint and al 
lows the compressed springs 34 to expand, shift 
ing the arms 33 inwardly and the legs 27 and 
cutters 2 in an outward direction. With the 
removal of the latching device, circulating fluid 
can pass outWardly through the lower nozzle 
portion 37a of the lower mandrel 3, in order to 
wash the cuttings from the Well bore and cir 
culate them around the drill pipe C to the top 
of the hole. 

Rotation of the bit aSSembly continues, with 
out imposing drilling Weight On the apparatus, 
until the lower cutters 2 form a shoulder E in 
the Well bore, the cutters being expanded to 
their maximum extent. After this occurs, the 
drill string C may be shifted downwardly, which 
will shift the upper mandrel 60 and its tubular 
member downwardly within the upper bit 
body f, the latch elements 9 being moved 
downwardly from the upper plugs 6, releasing 
the upper cutters 3 for outward expansion. 
However, the Outer Surfaces ea of the legS TO 
will merely move Outwardly into engagement 
with the Wall of the hole D, Since Such Surfaces 
initially project slightly beyond the cutters 3. 
ImaSmUch as the CutterS Í 3 cannot be eXpanded 
any further, at this time, because of the con 
fining action of the Small diameter bore hole E, 
continued downward movement of the drill 
string will then shift the entire upper bit A in a 
downward direction, sliding the legs along the 
Wall of the hole. AS Such downward movement 
occurs, the lower mandrel 4, which is rigidly 
Secured to the upper body f, is moved down 
wardly within the lower body to a position 
limited by engageinent of the lower end of the 
kelly 8 with the lower guide washer 54. Such 
downward movement of the lower mandrel po 
Sitions the lower lock element 38 Within and op 
posite the lower lugs 9, forming a positive stop 
or abutment precluding inward movement of the 
lower cutters 2 from their outwardly expanded 
position. 

Rotation of the drill pipe C and cutters con 
tinues, the cutters 2 enlarging the hole to a 
greater diameter F by operating upon - the for 
nation shoulder E. As drilling proceeds, the 
upper legs 70 and cutters 3 will reach the en 
larged hole portion F, whereupon they can ex 
pand outwardly, the cutters. 3 engaging the en 
larged hole wall, and then extending outwardly 
beyond the leg Surfaces 7 a. 

Rotation of the drill pipe C and the too as 
senblage A, B may then continue, the upper 
spring 99 urging the thrust member 85 down 
wardly along the mandrel 7, and, through the 
links 88, urging the upper cutter supporting legs 

and cutters 3 in an outward direction, al 
lowing the upper cutters to form an upper 
shoulder G in the well bore having an outside 
diameter H substantially greater than the out 
side diameter F of the lower shoulder E. The 
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Spring 90 can shift the cutters 3 outwardly to 
the extent determined by engagement of the 
thrust block 85 with the lower guide 82 in the 
upper body. Thereafter, the imposition of 
down weight on the drill pipe C and upper man 
drel 60 will shift the latter downwardly within 
the upper body 8, until the lower end of the 
kelly 63 engages the upper guide and stop wash 
er 80. When such engagement occurs, the low 
er end of the mandrel skirt 84 is preferably po 
Sitioned immediately above and closely adjacent 
the thrust block 85, to preclude any substantial 
inward shifting of the cutters 3 from their 
maximum expanded position. J - 

With the lower mandrel 4 fully telescoped 
downwardly within the lower body , and with 
the upper mandrel 60 fully telescoped down 
Wardly with the upper body fi, the drilling 
Weight is transmitted from the respective man 
drels directly to their corresponding bodies, and 
from Such bodies to the cutter supporting mem 
bers 24, 79 and the cutters 2, 3. The tubular 
Inenbers 77, 37 themselves are relieved of any 
Of the drilling weight. Rotation of the drill bit 
assemblage takes place, with the proper drilling 
weight imposed upon the sets of cutters, the 
lower cutters 2 enlarging the well bore to an 
intermediate diameter F and the upper cutters 
3 to the desired final diameter H, that is sub 

stantially greater than the intermediate diame 
ter. During the drilling operation, circulation 
fluid is pumped downwardly through the bits 
A, B, in order to flush the cuttings to the top of 
the hole. 

After the hole enlarging operation has been 
completed, or the drill bits have become worn, 
it is merely necessary to elevate the drill pipe 
C, which will raise the upper mandrel 60 within 
the upper body fl. and allow the upper cutters 
f3 to be retracted. The upper mandrel flange 
66 engages the upper retainer ring 67, to trans 
mit the upper pulling effort to the upper body 
T. Continued upward movement then elevates 

the lower mandrel 4 within the lower body fl, 
and raises the lock member 38 aboye the sup 
porting member lugs 40, which will allow the 
lower cutters 2 and their supporting members 
24 to be retracted. Such latter relative elevat 
ing movement may be assisted by the retractor spring 53, although this spring need not be em 
bodied in the bit at all, if desired, 
When the drill bit assemblage A, B passes up 

Wardly within the casing shoe, the latter en. 
gages the upper cutter supporting members TO 
and forces them inwardly to a retracted posi 
tion. Similarly, the shoe engages thë lower 
cutter supporting members 24, and forces them inwardly to retracted position, the entire mecha 
nism being elevated in the well casing, with th 
cutter supporting members 79, 24 riding the wa of the well casing, until the top of the hole 
reached. . . . ? ? ?? :?? ? «... ? ?? 

of a downward thrust on the drill strigg and 
upper mandrel 60 will shift the head 83 into en- to gagement with the thrust 
the upper supports 10 ou 
sliding along the formation aliof 
per bit parts move: as a unit in a d9WWE 
rection, to shift the lower mandrel is supporting me 
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its body if downwardly, and to a position in 
which the lock element 38 is disposed within and in alignment with the lower lugs 40. Expansion 
of the upper cutters 3 can then proceed, after 

5 the enlarged bore F is reached, by moving the 
upper mandrel 60 downwardly within the upper 
body 7 to the extent limited by engagement of 
the lower end of the kelly 63 with the upper 
?uide washer 80. ?? ?? - 

In Eigs. 1 and 2, a tandem arrangement of 
drill bits is disclosed, in which a previously 
drilled hole D can be enlarged in two stages. 
If desired, hole enlargement can take place in 
three or more stages by incorporating one or 
more expansible drill bits in the assemblage. 
As illustrated in Fig. 8, the upper pin 5 of a 
QWer drill bit B iš threaded into the lower body 
box 3 of an intermediate drill bit Ba, which 
may be of the same general design as the lower 

20 drill bit B. The intermediate mandrel 4a is 
threaded into the lower box 6 of an upper drill 
bit A, which may be of the same design as the 
upper drill bit shown in FigS. i and 2. The up 
per mandrel pin 6 of the upper bit is then 
threadedly secured to the lower end of the drill 
pipe C. 
The intermediate bit mandrel 4a extends 

slidably into the lower box 100 of its associated 
body fla, leakage around the mandrel being 
prevented by a suitable side Seal 93d disposed in 
a box groove 94a. This intermediate mandrel 
ika is also Provided With locking elements 9ia 
threaded into it and having holes 92a receiving 
the ball retaining plugs 32a depending from the 
intermediate bearing supporting members 24a. 
The cutters 2 of the lower bit B are arranged 

to expand outwardly to a predetermined maxi 
mum diameter J, in order to accomplish the first 
stage of hole enlargement. The cutters 2a of 
the intermediate bit Ba may be mounted on longer 
supporting legs. 27a; than the lower bit, so that 
their springs 34a may shift such cutters out 
wardly to a greater extent than the lower cutters 
12, t? produce ?, hole of a larger d?ameter K th?n. 
that of the lower cutters. The supporting legs 
70 of the upper bit A may be of such length as 
to enable them to be swung outwardly to a 
greater extent than the intermediate cutters (2d, 
and form a correspondingly larger diameter 

50 hole E. . . . . . . . . . . . . 
The multiple tandem arrangement of drill bits 

illustrated in Fig.8 may be run in the Well bore 
vith all of the cutters 12, 12a, 13 locked in re tracted position. As in the two stage bit as 
semblage, the pumps can be started when the 
location has been reached at which the hole 
enlarging operation i? to occur, to release the 
lower latch 56' from its associated cutter Sup 
porting members 24, allowing the lower springs 
34 to urge the cutters 2 outwardly, while the 
bits are being rotated, to form the lower forma 
tion shoulder P. This shoulder prevents the lower 

from moving downwardly to any further 
time being. The drill pipe C is 
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extent, forth then moved downwardly, shifting the upper 
releasing its lock 

ed plugs76, releas 
routward expansion. 

lement then slides the upper bit A as a unit along the formation hole 
D and shifts the intermediate mandrel 4d, con nected to the upper bit A downwardly, to release 
its latch elements Sta from the associated cutter 

? ... mbers 24a, allowing the inter 
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mediate springs 34 to urge the intermediate 
cutters 2d outwardly. 

Continued downward movement then slides the 
upper bit A and intermediate bit Ba downward 
ly along the formation wall D, to shift the lower 
mandrel 4 downwardly within the lower body 

to a position in which the mandrel lock 38 
is disposed within the cutter supporting lugs 40, 
as determined by abutting of the lower end of 
the lower kelly 8 with the guide washer 54. As 
the rotation of the drill pipe C and bit apparatus 
proceeds, the proper drilling weight is imposed, 
to cause the lower cutters 2 to drill aWay the 
hole by operating upon its aSSociated formation 
shoulder and produce the larger hole diameter 
P. While such drilling proceeds, the intermedi 
ate and upper cutter supporting members 24a, 
T? Slide along the wall of the Smallest diameter 
hole D, the upper and intermediate cutters 3, 
f2a, being disposed inwardly of the outermost por 
tions of their associated cutter Supports 18, 24d. 
The upper and intermediate drill bits A, Ba, mere 
ly move downwardly as a unit, their cutters be 
ing incapable of expanding outwardly to any ap 
preciable extent by the confining Wall of the 
hole D. 
As drilling by the lower cutters 2 proceeds, the 

intermediate cutters 2d. eventually reach the en 
larged well bore P produced by the lower cutters, 
Whereupon the intermediate expansion SpringS 
34a can operate and urge these cutters 2d. Out 
wardly and into engagement with the wall of the 
larger hole P. The drill pipe C and tool assemi 
blage can then be rotated, the intermediate 
cutters 2d, which now project outwardly be 
yond the outermost portions of their Supporting 
member 25d, digging into the Wall of the en 
larged hole P and forming a shoulder therein 
of a certain predetermined diameter Q, as limited 
by engagement of the cutter supporting members 
24d with the body shoulder 36d. On the body d. 
With this shoulder formed, the drill pipe C and 
upper drill bit A can be moved downwardly as 
a unit, the upper supporting legs 76 merely slid 
ing along the Wall of the Smallest hole D. This 
downward movement carries the intermediate 
mandrei ic downwardly with it to shift its lock 
member 38d within the lock lugs Aid, thereby 
precluding retraction of the intermediate cutters 
G2a from their outwardly expanded position. 

Drilling Weight may be imposed on the bit as 
Semblage, the lower cutters 2 producing the 
larger hole P, and the intermediate cutters 2d. 
the hole Q of still greater diameter. 
As drilling proceeds, the upper cutter support 

ing legs will move out of the small diameter 
hole D, allowing the spring 90, or the head 83, 
if a Spring is not used, to engage the thrust block 
85 and shift it downwardly, forcing the legs G 
and upper cutters 3 outwardly against the wall 
of the enlarged hole Q and forming an annular 
shoulder beyond the diameter of the enlarged 
hole Q. When the upper cutters 3 have been 
expanded outwardly to their maximum extent, 
the upper mandrel 60 is shifted downwardly 
Within the upper body , until the lower end 
of the kelly 53 engages the guide element 80, 
whereupon drilling Weight can be imposed on the 
cutters 3 to urge them downwardly against the 
formation shoulder to produce the desired maxi 
nun diameter hole R. 
When all three Sets of cutters have been ex 

panded outwardly, the bit may be rotated at the 
desired Speed, with the proper drilling weight in 
posed on the cutters, the hole being enlarged in 
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2 
step fashion from its diameter ID, through the 
diameters P and Q, to the final diameter R. That 
is, the lower cutters 2 perform the first stage 
of hole enlarging, the intermediate cutters 2 
the second stage, and the upper cutters 3 the 
third stage, as the sets of cutters operate upon 
their respective formation shoulders and cut such 
shoulders progressively away in a downward di 
rection. When the drill bit assemblage has per 
formed its operation of enlarging the hole, it 
need merely be elevated through the Well bore 
and casing, the cutters being retracted by the 
casing as their respective supporting members 
enter the casing shoe. 

Additional expansible bits could be connected 
in tandem, if desired, within practical limits, to 
accomplish the desired hole enlargement in 
stages. 

It is apparent that a tandem arrangement of 
drill bits has been provided, that is capable of en 
larging a hole to a considerably greater diameter. 
The use of toothed types of roller cutters enables 
hole enlargement to a Substantial extent to be 
accomplished in hard formations. With Such 
tandem arrangement of drill bits, a single round 
trip into the well bore Will suffice for greatly en 
larging the hole and along an extended length 
of the hole, thereby saving considerable rig time 
and expense, by avoiding the necessity for mak 
ing individual trips into the hole with individual 
eXpansible bits to accomplish a step-by-step in 
crease in the well bore diameter. 
With the telescopic arrangement of bits, as 

Surance is had that each set of bit cutters is ex 
panded and locked outwardly to its full reaming 
diameter, in order that each bit will perform its 
proper share of the drilling operation. It is sim 
ply necessary to attach the drill bits to one an 
other, and in the desired number, each drill bit 
being a full and complete mechanism in and of 
itself. The outward expansion of the cutters of 
an upper bit is dependent upon the prior outward 
expansion of the cutters of a lower bit. The cut 
ters are expanded outwardly in an upward se 
quence, and are locked outwardly, to prevent their 
inWard retraction, by the telescopic movement of 
the tubular mandrels within their respective 
bodies. 
The hole enlarging operation can commence off 

bottom in a previously drilled hole, or the tandem 
assemblage can be used in conjunction with a cen 
tral bit to for the purpose of drilling a new hole 
and enlarging it in stages at one and the same 
time. 
The inventor claims: 
1. In rotary drill bit apparatus: a, lower drill 

bit body; a lower mandrel slidably splined to said 
body; a lower Supporting member mounted on 
Said body for lateral outward movement, With re 
Spect to Said body; a lower cutter on said ninen 
ber; means for expanding said member and cut 
ter outwardly of said body; an upper bit body 
Secured to the upper end of said lower mandrel; 
an upper mandrel slidably splined to said upper 
body; an upper supporting member mounted on 
Said upper body for lateral Gutward movement 
With respect to said upper body; an upper cutter 
On Said upper Supporting member; means for ex 
panding Said upper member and upper cutter 
OutWardly of Said upper body to a greater extent 
than said lower cutter; said upper cutter being 
disposed entirely inwardly of the outermost sur 
face of Said upper Supporting member until said 
upper supporting member has been expanded 
partially outwardly, whereby said upper cutter is 



2,654.575 
3 

prevented from penetrating the formation until 
it has been lowered into the enlarged bore pro 
duced by the lower cutter. 

2. In rotary drill bit apparatus: a lower bit 
having a lower body; a lower Supporting member 
mounted on said body for lateral outward move 
ment with respect to said body; a lower-cutter. On 
said member; means for expanding Said member 
and cutter outwardly of said body; an upper bit 
secured to the upper end of said lower bit, Said 
upper bit having a body; an upper supporting 
member mounted on said upper bit body for 
lateral outward movement with respect to Said 
upper body; an upper cutter on said upper men 
ber; means for expanding said upper-member and 
upper cutter outwardly of said upper body to a 
greater extent than-said lower cutter; said upper 
cutter being disposed entirely inwardly of the 
outermost surface of said upper supporting mem 
ber until said upper supporting member has been 
expanded partially outwardly, whereby said upper 
cutter is prevented from penetrating the forma 
tion until it has been lowered into the enlarged 
bore produced by the lower cutter. 

3. In rotary drill bit apparatus: a lower drill 
bit body; a lower mandrel slidably splined to said 
body; a lower supporting member mounted on 
said body for lateral outward movement with re 
spect to said body; a lower cutter on said Sup 
porting member; means for expanding Said Sup 
porting member and 'cutter outwardly of said 
body; means on said mandrel for preventing sub 
stantial inward movement of said Supporting 
member and cutter from their OutWard ex 
panded position upon downwald telescopic move 
ment of said mandrel in Said body; an upper bit 
body secured to the upper end of Said lower-man 
drel; an upper mandrel slidably splined to said 
upper body; an upper Supporting member 
mounted on said upper body for lateral outward 
movement with respect to said upper body; an 
upper cutter- on said upper supporting member; 
means for expanding said upper supporting mem 
ber and upper cutter outwardly of said upper 
body to a greater extent than said lower - Sup 
porting member and cutter; means' on said upper 
mandrel for preventing substantial inward move 
ment of said upper supporting member - and 
upper cutter from their outward expanded posi 
tion upon downward telescopic movement of said 
upper mandrel in said upper body; said upper 
cutter being disposed entirely inwardly of the 
outermost surface of:said upper supporting mem 
ber until said upper supporting member has been 
expanded partially outwardly, whereby:said tipper 
cutter is prevented from penetrating the forma 
tion until it has been lowered into the enlarged 
bore produced by the lower cutter. 

-4. In rotary drill bit apparatus: a lower-drill 
bit body; a lower mandrel-slidably splined to said 
body; a lower Supporting member mounted on 
said body for lateral outward movement with re 
spect to said-body; a lower. Cutter on Said 'Sup 
porting member; means for exparading said sup 
porting member and cutter OutWardly of Said 
body; means on said mandrel for preventing 
substantial inward movement of said Supporting 
member and cutter from their outward expanded 
position upon downward telescopic movement of 
said mandrel in said body; an upper bit body 
secured to the upper end of Said lower mandrel; 
an upper mandrel slidably splinded to said upper 
body; an upper supporting member mounted on 
said upper body for lateral outward movement 
With respect to said upper body; an upper cutter 

5 

O 

20 

25 

35 

-40 

60 

65 

70 

75 

14 
on said upper supporting member; means for 
eXpanding Said upper Supporting member and 
upper cutter outwardly of said upper body to a 
greater extent than said lower supporting mem. 
ber and-cutter; means on said upper mandrel for 
preventing Substantial inward movement of said 
tlpper Supporting member and upper cutter from 
their. OutWard-expanded position upon downward 
telescopic movement of said upper mandrel in 
Said upper body; said upper cutter being dis 
pOSedentirely in Wardly of the Outermost surface 
of Said Upper Supporting member until said 
upper Supporting member has been expanded 
partially outwardly, whereby said upper cutter 
is prevented from penetrating the formation 
until it has been lowered into the enlarged bore 
produced by the lower cutter; andlock means re 
leaSabie by Said upper mandrel upon its down 
Waird telescopic movement in said upper body for 
holding said upper supporting member and upper 
cutter initially in retracted position. 

5. In rotary drill bit apparatus: a lower drill 
bit body; a lower mandrel siidably splined to 
Said body; a lower. Supporting member mounted 
On Said body for lateral outward movement with 
respect to Said body; a lower cutter on said 
Suporting member; means for expanding said 
Supporting Inernber and cutter outwardly of 
said body; ineans on said mandrel for-preventing 
Substantial inward movement. of said supporting 
anember and cutter from their-outward.expanded 
pOSition upon downWard telescopic movement of 
said mandrel in Said body; an upper bit body.se 
cured to the upper end of said lower mandrel; 
'an upper mandrel slidably, splined to said upper 
body; an upper supporting; member.mounted on 
Said tipper body for lateral outward movement 
with respect to said upper body; an upper cutter 
On said upper. Supporting member; means, for ex 
panding Said upper Supporting member and upper 
cutter outwardly of said upper body. to a greater 
extent than said lower supporting member and 
cutter; means on said upper mandrel for pre 
venting substantial inward movement of said 
upper Supporting member and upper. cutter, from 
their outward expanded position upon downward 
telescopic movement of said upper mandrel in 
Said upper body; upper lock: means releasable by 
Said upper handrel upon its downward telescopic 
movement in said upper body for holding, said 
illpper Supporting member and upper cutter 
initially in retracted position; and lower lock 
means for releasably holding said lower cutter 
Supporting insenber and lower cutter initially...in 
retracted position, whereby said.lower lock means 
is first released: to enable said lower-supporting 
Inember, and lower cutter to be expanded out 
Wardly to provide a shoulder-in-a, bore. hole, for 
Stopping downward movement of said:lower bit 
body to permit downward telescoping movement 
of said upper mandrel in said upper body to re 
lease said upper lock means. 
-6. In rotary drill bit apparatus: a lower drill 

bit body; a lower mandel slidably splined to 
said body; a lower supporting member mounted 
on said body for lateral outward movement with 
respect to said body; a lower cutter on said sup 
porting member; means for expanding said sup 
porting member and cutter outwardly of said 
body; naeans on said mandrel for preventing subse 
stantial inward movement of said supporting 
member and cutter from their outward expanded 
position upon downward telescopic movement of 
said mandrel in said body; an upper bit body 
Secured to the upper end of said lower mandrel; 
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ari upper mandrel slidably splined to said upper 
body; an upper supporting member mounted On 
said upper body for lateral outward movement 
with respect to said upper body; an upper cutter 
on Said upper Supporting member; means for 
expanding said upper supporting member and 
upper cutter outwardly of said upper body to a 
greater extent than said lower Supporting men 
ber and cutter; means on Said upper mandrel for 
preventing substantial inward movement of Said 
upper supporting member and upper cutter from 
their outward expanded position upon downward 
telescopic movement of said upper mandrel in 
said upper body; lock means releasable by Said 
upper mandrel upon its downward telescopic 
movement in Said upper body for holding Said 
upper supporting member and upper cutter ini 
tially in retracted position; and lock means for 
releasably holding said lower cutter supporting 
member and lower cutter initially in retracted 
position; Said upper cutter being disposed in 
Wardly of the outermost Surface of said upper 
Supporting member, until said upper supporting 
member has been expanded partially OutWardly, 
whereby said upper cutter is prevented from 
penetrating the formation until it has been low 
ered into the enlarged bore produced by the lower 
cutter. 

7. In rotary drill bit apparatus: a lower drill 
bit body; a lower mandrel slidably Splined to Said 
body; a lower Supporting member mounted on 
said body for lateral outward movement with re 
Spect to Said body; a lower cutter on said Sup 
porting member; means for expanding Said Sup 
porting member and cutter outwardly of said 
body; means on said mandrel for preventing Sub 
stantial inward movement of said supporting 
inenber and cutter from their outward expanded 
position upon downward telescopic movement of 
Said mandrel in said body; an upper bit body 
Secured to the upper end of said lower mandrel; 
an upper nandrel Slidably Splined to Said upper 
bit body; an upper supporting member mounted 
On Said upper body for lateral outward move 
Anent With respect to said upper body; an upper 
cutter on Said upper Supporting member; means 
for expanding Said upper Supporting member and 
Lupper cutter outwardly of said upper body to a 
greater extent than said lower supporting nem 
ber and lower cutter; means on said upper man 
drel for preventing substantial inward movement 
of Said upper Supporting member and upper 
cutter from their outward expanded position 
upon downward telescopic movement of said 
upper maindrel in Said upper body; upper lock 
means releasable by said upper mandrel upon 
its downward telescopic movement in said upper 
body for holding said upper supporting member 
and upper cutter initially in retracted position; 
Said upper and lower drill bit bodies and man 
drels having intercommunicating fluid passages 
therein; and lower lock means releasable by 
fluid pumped through said passages for holding 
Said lower cutter supporting member and lower 
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cutter initially in retracted position, whereby said 
lower lock means is first released by fluid pumped 
through Said paSSages to enable said lower cutter 
Supporting member and lower cutter to be ex 
panded OutWardly to provide a shoulder in a 
bore hole for stopping downward noverinent of 
said lower bit body to permit downward tele 
Scoping movement of said upper mandrel in said 
upper body to release said upper lock means. 

8. In rotary drill bit apparatus: a lower bit 
having a lower body; a lower supporting member 
mounted on said body for lateral outward move 
ment with respect to said body; a cutter on said 
member; means for expanding said inenber and 
cutter outwardly of said body; means for limit 
ing the maximum outward expansion of said 
member and cutter; an intermediate bit Secured 
to the upper end of said lower bit, said interme 
diate bit having a body; an intermediate sup 
porting member nounted on Said intermediate 
bit body for lateral OutWard movement. With re 
Spect to said intermediate body; an interme 
diate cutter on Said intern ediate member; means 
for expanding Said intermediate member and 
intermediate cutter outwardly of said interme 
diate body to a greater extent than said lower 
Cutter; means for liniting the expansion of Said 
interinediate member and intermediate cutter to 
a maximum extent in which the cutting path of 
said intermediate cutter extends outwardly a 
greater l'adial di Stance than the cutting path 
of the lower cutter but in which said paths-over 
lap; an upper bit secured to the upper end of 
Said intermediate bit, said upper it having a 
body; an upper Supporting member mounted on 
said upper bit body for lateral OutWard movement 
With respect to Said upper body; an upper cutter 
On Said upper member; means for expanding said 
upper member and upper cutter outwardly of 
Said upper body to a greater extent than said 
intermediate cutter, in which the cutting path of 
said upper cutter is gréâter than that of said in 
termediate cutter but overlaps the path of said 
intermediate cutter; said interimediate and upper 
cutters being disposed entirely inwardly of the 
Outermost Surfaces of their respective supporting 
members until said respective supporting mem 
bers have been expanded partially outwardly, 
Whereby said intermediate and lower cutters are 
prevented fronin penetrating the formation until 
they have been lowered into the enlarged bore 
produced by the lower cutter. 

ARCHER. W. KAMMIERER. 
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