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UNITED STATES PATENT OFF ICE
2;654,5%5
TANDEM EXPANSIBLE ROTARY DRILL BIT-
Archer:W. Kammerer; Fullerton, Calif.
Apglication January 9, 1950, Serial No. 137,536.
(CL 255—176)

8:Claims.
1

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 glameter than that of the inside diameter
of the casing string.

T§ Tias been difficult, and sometimes impossible,
ta increase the size of certain bore holes below
well' casing to a substantially larger diameter
than the inside diameter of the well casing. In
Tioles drilled through comparatively hard forma-
tions, extensive increase in their diameters helow
well casing has keen accomplished only at high
cost and the expendlture of cons1derable tlme
is.-to prov1de an arrangement of drlll blts Whlch
can drill or increase the diameters of hore holes
to a considerably greater extent than. the inside
diameter of a well casing through which the bits
are capakle of passing, with their respective. cut-
ters in retracted positions.

Another object of the invention is to provide
& drill bit arrangement capable of enlarging a
bore hole below a casing string to a substantlally
greater diameter than the inside diameter of the
casing string, at less time and at a sybsfantial
saving in cost Fewer round trips are. required
in and aut of the well bore in effecun,cr the desired
ultimate increase in the diameter of the hole.

A further object of the invention is to provide
2 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 dlameters. In addition, the respective
cutters of the bits are held positively in their
maximum expanded positions sp as to preclude
the drilling of undergauged holes,

Still another object of the invention is to pro-
vide 2 fandem arrangement of e&pansmle drill
bits, in which a higher hit enlarges the hole to
& greater diameter than a lower bit, and in which
the fandem bit assembly is capable of commenc-
ing the hole enlarging operation off bettom 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 broduced 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
g still greater extent, thus insuring the progres-
sive enlargernent of the bore hole, with each bit
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 obtaln progresswe
1ncrease in ,he hole d1amete1 produced by an
r the hole size produced by the adJa-

Thls 1nvent10n possesses many other advan-
tages .and has other objects. whlch may be made
more, clearly apparent from a con51derat10n ‘of
several forms in whlch it may be embod1ed
Such forms are. ehown in the drawmgs accom—
panying and formmg part of the,present speclﬁ-
cation. These. forms. will now
detail, 111ustrat1ng the general pri

les of the

‘invention; but it is. to. be understood that such

detalled descrlptmn is not to be taken ina 11m1t-
ing sense, since the. scope of the. 1nvent1on 1s best
defined by the appended cla1ms

Referring to. the drawings:

Figure 1 is a 10ng1tud1nal section, with parts in
elevation, through a tandem arrangement of. ex-
pansﬂole drlll bit, apparatus, with the parts in
retracted pos ltlon for lowering through the well
bore;

Flg 2,1s a view similar to Fig. 1, with the parts

~of the. dl‘lll bits. expanded outwardly to therr full

reaming d meters
i an enlarged eross-section taken alongr

‘the line 3;-3 on Fig, 1;

Pig. 4 is an enlarged cross-section taken along
the lln° 4--4 on Fig. 1;

Fig, 5 is an enlarged cross-section taken along
the 11ne 5—5 on Fig. 1;

Hig. 6 isa longltudlnal section, on an enlarged
scale, of the upper expan51ble dr1ll blt 111ustrated
in Fig. 1;

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

Fig.Bisa longltudlnal section through a triple
tandem drill' hit apparatus, with the parts in
retracted position;

Pig. 9 is a side elevational view of the apparatus
shewn in Fig. 8, with the lower cutter enlarging
the haole;

Fig, 19 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 cubiers enlargmg the
hole,

A tandem arrangement of upper-and lower drill
b1ts A B is disclgsed in the drawmgs 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 borzs 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
greafly 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 beth 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 1 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 12 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 ¥ of increased diameter.
The cutters {3 of the upper expansible bit A are
adapted to form an annular shoulder G in the
formation ground the larger hole F produced by
the lower expansible-bit cutters {2, and operate
upon such formaticn shoulder to form a well bore
1 of still further increased diameter. '

The lower drill bit B is illustrated and described
in my United States ratent No. 2,466,991, and in
my application for “mypansible Drill Bit,” Serial
No. 43,788, filed August 12, 1948. The upper drill
bit A is described and claimed per se in my ap-
plication for «mxpansible Rotary Drill Bits,”
Serial No. 137,535, filed January 9, 1850.

The upper end of the lower expansible bit B

consists of a driving mandrel 14 whose upper pin

15 is threaded into a hox 6 formed at the lower
end of the main body 17 of the upper expansible
drill bit A. ‘This lower mandrel {4 includes an
upper kelly or drill stem member 18 slidably
splined to or telescoped within the main body i1
- ‘of the bit. - As specifically disclosed in the draw-
ings, the exterior 19 of the kelly is hexagonal in
shape, being telescoped within a companion hex-
agonal socket 28 within the body. The mandrel
{8 has a limited range of longitudinal movement
within the body 1, by virtue of engagement of an
external shoulder 2{ on the kelly 18 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 1{ (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 24 consists of a depending leg
27 having a bearing supporting pin 28 ineclined 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 ‘céutter {2 on the pin 28, being in-
serted in place through a pasage 31 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
passage 3f and is used to hold the cutters 12 in
retracted position, as described below,
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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 i1, and exerts
its force against the arm 32, 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 12 have been expanded out-
wardly by the expander springs 34 to the maxi~
mum extent, they can be locked in this position by
a tubular member 37 of the mandrel i4, which
member is piloted in the kelly {8, 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 mem-
bers 24, permitting retraction of the cutters 12,

to a lower position opposite lugs 48 formed on

and projecting inwardly from the supporting
member legs 27, preventing retraction of the cut-
ters 12.

The tubular member 37 may be connected in
swivel fashion to the kelly 18 to permit relative
arcuate rotary movement therebetween, which
can occur to a slight extent. However, the kelly
i8 and tubular member 37 are coupled together
for movement in both directions. This is accom-
plished by providing an anti-friction thrust bear-
ing 41 between a boss or shoulder 42 on the tubu-
lar member 37 and the kelly 8. 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 the kelly {8.

The balls 85 are insertable into and between the
raceways 44, 46 through a hole &7 extending
through the external kelly shoulder 21 and com-
municating with the internal race 3. 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 37 has an upper portion
49 extending into the central bore 8 of the kelly.
Pluid pumped down the drill string C can flow
through the upper drill kit A, and through the
kelly pin 15 into the central passage 5f{ in the
tubular member 37. Such fuid may be prevented
from flowing around the exterior of the tubular

‘member by suitable packing 62 disposed between

its boss 42 and the kelly 18.

80

Because of the swivel connection i, the kelly
{8 and tubular member 3 are caused to move
jointly in both directions, but they are free to
partake of relative movement with respect fo
each other. -

The mandrel {4 may normally be held in its
upper position with respect to the main body (1
and the supporting members 24 by a helical re-
tractor spring 53 encircling the tubular member
31, 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 20. This spring seat 54 also serves - as an
upper bearing guide for. the tubular member 37,

- whose lower end is slidable within a lower bearing

75

guide 55 below the lugs 48, which guide is integral
with or secured o the main body of the hit.
The lower drill bit B may also be provided with
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& lateh device for retaining the cutters 12 initially
in tretracted positions &gainst the expansible
forces of the springs 384. This device includes a
holdihg plate 56 secured to the lower end of a
central rod 87 projecting upwardly into the tubu-
lar nmiember passdge 51. 'Thé heldihg pldte or
member 58 has spaced hole§ 53 in ifs outer pot-
tion for receiving the loweér ends of the ball béar-
ing plugs 32.

Wihten the Lioldirig deviee is diSposed over the
plugs 32; the cutter Supporting fnembers 24 are
prevented from exbanding urder the influence
of the compressed springs 84, thereby holding the
cutters (2 in retracted positiori. Releass of the
holding deviee can oceur hydraulically through
aid of a ball 59, which may beé dfopped dewn the
drill string € into engagement with the rod 57,
or which may be placed in the lower drill bit
passage b1 prior to its disbosition in the well bore.

During loweéring of the apparatus through the s

well bore; the ball 59 inay be lifted into the larger
passage 56 throtgh the kélly pin, for the purpose
of allowing upward flow of fluid through the bits
B, A and drill pips C.

As explained below, when thé poitt in the well
bore hag beén reachéd at which the reammg o~
eration is to begin, the latch device 55 is ejected
hydraulicaily from the ciutter meehanismi, allow-
ing the Sbrings 24 t6 expand and lrge ths cutters
12 in an outward direction to enlargé the well
bore.

. The lower exparnsible drill bit B will enlarge
the weill bofe to a certain infermediate diameter.
Tie upper expansible drill bit A can enlatze the
well bore to a still greater diameter. As shown
most clearly in Fig. 6, the main body {7 of this
upper bit is secured to the mandrel i§ of the
Iower hit B By threacding the upper body bok 18
onto the mandrel pin i5. Ah upper tubular mahn-
drel 88 is piloted within the ipper body aid has
its upper end formed a5 a threaded pin €1 which
can be scréwed into a sub 82 that constitutes the
lowermost portion of the strihg of drill pipe C.
The upper mandrél 6§ ificludes an upper kelly
or drlll stem member 63 shziably splined to the
64 of the kelly of hexagonal shape and provming
‘a corresponding héxagonal sockét 65 in the body
The mandrel 80 has a predetermined rgngé of
longitudinal movemeént within the %body, its up-
ward movement being limited by engagement of
an exterrial shoulder 86 on the kelly with the
retainer ring 67 af the upber end of the body 17,
the ring being sditably secured to the Iatter, as
by use of welding matérial 8.

The upper body (T is provided with 3 longi-
tudinal transversé slot €9 extendihg thireush it,
in which a pair of oppdsed cubter Supporting
members 78 are disposed. 'These cutter support-

ing members have their upper ends mounted 6h 5

pivot or hinge pins 71 extending across the Body
slot and suitably secured to the body. The cutter
supperting members or legs 78 depénd firora $hase
hinge pins to a substantial extént, esch having

a lower bearing supvotting pin 72 on which & side &5

“cufter {8 is rotetably mounted. Anti-fiickon
roller and ball bearing elements 72, 74 are dis-
pesed between each bearing. supporting pin 72
and cutter {8, to transmit the radial and axial
bearing loads therebetween, the ball beaving ele-
ments 74 also serving te retain the cuut\,r 1 on
the supporting pin 72,

. _As in the Jower bit B, the ball bearing elements
14 may be inserted between each eutter and its
associated pin through 2 passage 18 in the latier,
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-fines of the upper body 1.
‘panded sutwardly of the body te:4 larger effective
diameter than the maximum reaming diameter
-of the éutters 12 .of the lower bit B. In expand-
g tHe upper Guttéis i8, their supperting legs 19
-alg swung outwardly about the hinge pins T{ 1o
‘@ predetertained extent. “The deévice for expand-
ifig the upper cuttérs includes a lower tubular

-the lower end of the skift 84 to engage the bl

-which iis closed by & suitable plug 18 ‘welded, or
‘otherwise Suitably attdched, to ihé pin. The
plugs 16 fepending :ffom the bearifig pins 12 -can
be availed of for holding the supperting legs T2

-#nd cuttérs 43 in rétraeted position, as described

‘Below:
The Oppesitély -dispesed bearing supporting

‘members arid their cutiers may occupy retracted

positiohs substdntially eritirely within the cén-
They may be ex-

Inember 71, formifg part of tHe uppel mandrel
€9, and pilofed within a lower ssocket 78 in the
kelly 63. ‘The kelly 63 und lower tubiilar member
18 aré assemibled togéther for joint longitudinal
movement thitough g Swivel confiection 78 that is

-substantially the samé a§ the swivel connéctioh

W petween the lewer kelly (8 and lower tubular
member 37. This swivel coniieetion 78 enables

-fhe upper kelly 83 and tubllar meniber 17 to shift

angularly with réspeet to 6ne another; but éouples
‘them together for conjoint longitudinal raove-
ment in both directions.

The tubula? member 171 extends downwardly
through a guide washer and stop element 80, rest-
ing uvoh a shoulder &1 formed on the body: This
‘washer initially is disposed bélow the lower end
of the kelly €3, so as to allow the kelly and tubular
ahember 11 to be tnoved downwardly; for the pub-
pose of holding the upper cutters 13 and their
-Suppofting members 10 in an outward position.
In addition, the kelly 63 and tubulatr membér 77
Tesist inward riovement of the cutters 13 froin
their dutvward pesition; and, under some ctohdi-
‘tiohs of uttge of the ediipment, cafi actually shift
the cutters {8 to their dutwardly expanded posi-
‘tion. The tubular meiber 17 is also slidable in
& lower guide 82 integral with thé body, and
forming & sugpert fér the tubular inember 77, to

resist ity latefdl movement. The lower end of

the tubular ‘membéf is also slidable in the body
‘box 18, communicatihg with the passageé 50 in the
Jower maridrel 18.

The tubnlar member Y1 of the mandrel 63 also
‘has a cup=shaped thrust head 83 intermediate
the upper and wer guides 89, 82, provided with
‘B dépendihg skirt 84 terdninating above g thiush
-Block 89 slidable along the éxterior of the tubular
membér 11 below ifs skirt 84. Thé block $5 has

JTongitudihal slots 88 on opposite sides of the

‘mandrel in dlignment with the cutter supporting
legs 18, to carry a Din 87 on éach side of the
mandrel on which the upper ends of itishinsd
thrust links 88 afe pivoted. Thie Tower énd of
each link is attached to the cutter sugpotting
member 70 by means of 2 lowes pin 89, at a pomt
‘which is intermediate the hinge pin T and cutier
43

The upper cuttérs 18 may bYe expanded Gub-
wardly upon downward rhovermnent of the man-
drel €0 with respeét t0 the body 17, Which sauses

85, shifting the latter downwardly and swinging
the legs 16 outwardly about their hinge ping 71,
through the agency of the thiust links 88. I de-
gired; outward expansion of the upper cutters 13
aad their supporting legs 70 may be adecomplished
by ahelical compression spring 90, disposed with=-
in the skirt 84 and bearing at its upper end upoh
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the head 82 and at its lower end upon the thrust
block 85. It is evident that this spring 80 tends
to urge the thrust block 85 downwardly and the
legs 10 in an outward direction.

The upper cutters 13 may be releasably locked
in retracted position by a holding device, to
insure the downward passage of the bit assem-
blage A through the casing, and the well bore
below the casing, to the desired point at which
the hole enlarging operation is to commence.
This holding device may include a rod or eye
element 98¢ for each cutter threaded into the
tubular member 77, and having a hole §2 receiv-
ing the lower end of the ball retaining plug 76.
These elements 91 will prevent outward expan-
sion of the cubters {3 until the elements are
moved downwardly from the plugs 76, as by
moving the tubular mandrel 88 downwardly with
respect to the body 1. The lower end of the
mandrel skirt 84 is disposed a sufficient distance
above the thrust block 85, when the cutters 18
are in their initial retracted position, to insure
the downward removal of the lock or latch ele-
ments 81 from the plugs 15 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, o unlatch the cutters
13, since prior engagement of the skirt with the
thrust block would preclude further downward
movement of the mandrel 60 within the upper
body 1.

As noted above, the upper mandrel §0 is slid-
able in the threaded box 16 at the lower end of
the bit body (7, leakage around the exberior of
the mandrel being prevented by a suitable side
seal 82 in a hox 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 85
and the tubular mandrel passage 98, for dis-
charge into the lower kelly passage 50 and into
the lower ftubular member 37, 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 27 of the lower
cutter supporting members 24 are of such length
as to enable the cutters 12 to be expanded later-
ally to a predetermined maximum diameter, in
order to enlarge the well bore to an intermediate
size P. The upper cutter supporting members
or legs 78 are substantially longer than the
lower legs 27, to enable the cutbter elements {3
to be swung outwardly or expanded to a great-
er effective diameter than the lower cutters {2,
in order fo obtain a still further enlargement
X of the bore hole diameter. The extent of
expansions of the respective upper and lower
cutters {3, 12 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 13, {2 in retracted posi-
tionsg, in the manner 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 91, 55 are in place, in order
to lcck the cutters in-their respective retracted
positions. - B

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 bottpm 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 57 and
locking plate 5% to be shifted downwardly and
ejected from the lower bit. Removal of the lock-
ing plate 58 frees the lower cutters 12 and their
supporting members 24 from restraint and al-
Jows the compressed springs 34 to expand, shift-
ing the arms 33 inwardly and the legs 27 and
cutters 12 in an outward direction. With the
removal of the latching device, circulating fluid
can pass outwardly through the lower nozzle
portion 87a of the lower mandrel 37, in order to
wash the cuttings from the well bore and ecir-
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 12 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 11 downwardly within the upper bit
body 17, the lateh elements 91 being moved
downwardly from the upper plugs 78, releasing
the upper cutters i3 for outward expansion.
However, the outer surfaces 78a of the legs 10
will merely move outwardly into engagement
with the wall of the hole D, since such surfaces
initially project slightly keyond the cutters (3.
Inasmuch as the cutters 13 cannot he 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 76 along the
wall of the hole. As such downward movement
occurs, the lower mandrel 14, which is rigidly
secured to the upper body 17, is - moved down-
wardly within the lower hody {{ to a position
limited by engagement 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 28 within and op-
posite the lower lugs 89, 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 upen-the for-
mation 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 78a.

Rotation of the drill pipe C and the tool as-
semblage A, B_may then continue, the upper
spring 90 urging the thrust member 85 down-
wardly along the mandrel 71, and, through the
links 88, urging the upper cutter supporting legs
70 and cutters I3 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 euttérs 13 outwardly to
the extent detemined by engagemént of thé
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 18, until the lower end of ths
kelly 63 engages the upper guide and stop wash-
er B8. Wher such engagement occurs, the 1ow=
er end of the mandrel skirt 84 is breferably po-
sitioned immediately above and closely adjacent
the thrust block 85, to preclude any substantizl
inward shifting of the cutters i3 from their
maximum expanded position. T

With the lower mandrel 14 fully telescoped
downwardly within the lower body 11, and with
the upper mandrel 60 fuily telescoped ™ down-
wardly with the upper body (7, the drilling
weight is transmitted from the respective man-
drels directly to their corresponding bodies, and
from such bodies to the cutter supporting mem-
hers 24, 10 and the cutters 12, 18. The tubulir
members 11, 31 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 hore to an’
intermediate diameter F and the upper cutters:
13 to the desired final diameter H, that is sub-
stantially greater than the intermediate diame-
ter. During the drilling: operation, ecirculation
fluid is pumped downwardly through the bits
4, 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 hecome worn;
it is merely necessary to elevate the drill pipe-
C, which will raise the upper mandrel 60 within-
the upper body 1T and allow the upper cutters
I3 to be retracted. The upper mandre! flange’
66 engages the upper retainer ring 67, to trans-
mit the upper pylling effort to the upper body
{1. Continued upward movement then elevates
the lower mandrel 14 within- the lower body ki
and raises the lock member 38 aboye the sup-
porting member lugs 40,7 which will allow the
lower cutters 12 and their supporting: members’

24 to be retracted. Such latter relative elevat=

ing movement may be assisted by the- retractor

spring 58, although this spring need not he em=--

hodied 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 meémbers 70°
and forces them inwardly tp 4 retracted posi-

tion. Similarly, the shog  efigages the lower
cutter supporting members 24, and forces them

inwardly to retracted position, the entire meghas’

nism being elevated in the well casing, with
cutter supporting members 70, 24 riding the w:
of the well casing, until the top of the hole
reached. S L

‘The upper spring 90 may be omitted, with-

tubular member head 83 originally disposed ad=

f the ;g:

Y

PiS e S vt
per bit parts move as a unif in a downward

rection, to shift the lower mandrel (4 within

£
. 60 34" to trge the cutters 12 outwardly, while the

jacent the thrust member 85, when the cutters g
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its body I1 downwardly, and to a position in
which the lock element 38 is disposéd within and
in aligriment with the lower lugs '40." Expansion
of the upper cutters (3 can then proceed, after
§ the enlargéd bore ¥ is resiched, by moving the
upper mandrel 60 downwardly within the Upper
Body 17 to the extent limited by engagement of
the lower end of the kelly 63 with the upper

guide washer 80, ’ h
In Pigs. 1 and 2, a tandem arrangement of
drill bits 1§ disclosed, ifi* which a previously
drilled hole D can be énlarged in two stages.
If desired, hole eénlargemeént can také place in
three or more stages by incorporating one or
15 more expansible drill bits in the assemblagé.
As illustrated in Fig. 8; the upper pin 15 of &
lawer drill bit B i5 threaded into the lower body
hox 188 of an intermediate drill bit Ba, which
may be of the same gereral design as the lower
go drill bit B. ‘The intermediate mandrel 14z is
threadéd intg the lower bhox 16 of an upper drill
bit A; which may be of the same design as the
upper drill bit shown in Figs. 1 and 2.  The up-
ber mandrel pin 6f of the upper bit is then
25 threadedly secured to the lower end of the drill

pipe C. .
The. intermediate hit mandrel e extends
slidably into the lower box 100 of its associated
body ilg, leakage around the mandrel being
30 brevented by a snitable side seal 93¢ disposed in
a box groove 94a. This intermediate mandrel
l40 is also provided with locking elements Sia
threaded into it and having holes 92¢ receiving
the ball retaining plugs 32¢ 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 4, in order to accomplish the first
stage of hole enlargement. The cutters 12a of
49 the intermediate bit Ba may be mounted on longer
supporting legs 27a than the lower hit, 50 that
thelr springs 34a may shift such cutters out-
wardly to a greater extent than the lower cutters

10

55

12, 10 produce a hale of a larger diameter K than
45 that of the lower cutters. The supporting legs
10 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 (2a,
and form g correspondingly larger diameter
go hole L. . ) . L
‘Fhe multiple tandem arrangement of drill bits
illustrated in Fig. 8 may be run in the well bore
with all of the cutters 12, A2a, {3 locked in re-
tractéd position. As in .the two stage bit as-
65 semblage, the pumps can be started when the
location has been reached at which the hole
enlarging operation is to occur, to release the
lower- latch 88" fronmy its- associated cutter sup-
porting members 24, allowing the lower springs

bits are being rotatéd, to form the-lower forma-
tion'shoulder'P." ‘THis shouilder prevents the lower
body {1’ from mioving downwardly to any further
5 CXtent, for the tife being. The drill pipe C is
‘therl rioved downwardly, shiftihg the upper
nan ownwardly and releasing its lock

¥
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inédiate springs 34 to urge the intermediate
cutters 12a outwardly.

_Continued downward movement then slides the
upper bit A and intermediate bit Ba downward-
1y along the formation wall D, to shift the lower
mandrel 14 downwardly within the lower body
{1 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 18 with the guide washer 34. 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 cubter supporting members 24a,
7§ slide along the wall of the smallest diameter
hole D, the upper and intermediate cutters 13,
{2a being disposed inwardly of the outermost por-
tions of their associated cutter supports 18, 24a.
The upper and intermediate drill bits A, Ba mere-
1y 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 {2¢ eventually reach the en-
larged well bore P produced by the lower cutters,
whereupon - the intermediate expansion springs
34g can operate and urge these cutters §2¢ out-
wardly and into engagement with the wall of the
larger hole P. The drill pipe C and tool assem-
plage can then be rotated, the intermediate
cutters !2a, which now project outwardly bLe-
yond the outermost portions of their supporting
member 28a, 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
26q with the body shoulder 36¢ on the body iia.
With this shoulder formed, the drill pipe C and
upper drill bit A can be moved downwardly as
a unit, the upper supporting legs 70 merely slid-
ing along the wall of the smallest hole D. This
downward movement carries the intermediate
mandrel {4c downwardly with it to shift its lock
member 238¢ within the lock lugs 48a, thereby
precluding retraction of the intermediate cutters
{24 from their outwardly expanded position.

Drilling weight may be imposed on the bit as-
semblage, the lower cutters 12 producing the
larger hole P, and the intermediate cutters {2a
the hole @ of still greater diameter.

As drilling proceeds, the upper cutter support-
ing legs 18 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 0
and upper cutters 13 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 bezen
expanded outwardly to their maximum extent,
the upper mandrel §8 is shifted downwardly
within the upper body {1, until the lower end
of the kelly 83 engages the guide element 88,
whereupon drilling weight can be imposed on the
cutters {3 to urge them downwardly against the
formation shoulder to produce the desired maxi-
mum 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 im~
posed on the cutters, the hole being enlarged in
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step ‘fashion from its diameter D, throiigh the
diameters P and @, to the final diameter R. That
is, the lower cutters 12 perform the first stage
of hole enlarging, the intermediate cutfers {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 fo 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 hiole, or the tandem
assemblage can be used in conjunction with a cen-
tral bit 19 for the purpose of drilling a new hole
and enlarging it in stages at one and the same
time. o

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 mem-
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 cutward movement
with respect to said upper body; an upper cutter
onh said upper supporting member; means for ex-
panding said upper member and upper cutter
outwardly of said upper body o 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:
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prevented from penetrating the formation until
it has been lowered inte the enlarged bore -pro-
duced by the lower cutter,

2. In rotary drill bit apparatus: a lower bit
having g 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 hit
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 mem-
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 downward teleseopic move-
ment of said mandrel in-said bedy; 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 fcr-lateral -outward
movement with respect to-said upper:body; -an
upper cutter- on said upper-supperting 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 cutwardly, whereby:said-upper
cutter is prevented from penetrating.the forma-
tion until it has been lowered into the enlarged
bore-preduced 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-expanding 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
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-retracted posxfnon whereby -said-lower lock means
“isfirst released-‘to-enable sgid:lower.supporting

14

on said ubper Supporting .member; -fieafis foF
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 .substantia;l inward movemenst.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; said upper cutter being .dis-
posed entirely inwardly 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
produeced by-the lower cutter;.and.lock means re-
leagabile by -said .upper mandrel upon its .down-
ward 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 slidably splined $o
said-body; a lower supporting :member mounted
en said body for lateral outward movement with
respect to said ‘body; .a .lower .cutter on .said
suporting .member; .means for .expanding -said
supporting 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
salid mandrel in said body; an upper-bit body.se-
-eured-to the upper end -of said lower mandrel;
an-upper mandrel slidably.splined :to-said. upper
body;-an upper supporting: member-mounted.on

sald upper body for:lateral outward .moevement

with respect to said upper body;-an upper cutter
on said upper supperting 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. dewnward

‘telescopic -movement -of .said -upper-mandrel in

said upper body; upper:lock-means releasableby

said vpper-mandrel upon its dewnward:telescopic
‘movement in :said - upper ‘body for -holding. said

upper -suppborting -member and -upper cutter
initially in refracted position; and ‘lower -lock
‘means for releasably ‘holding -said lower .cutter
rember and lower cutter-initially.in

member- 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 downwazrd teleseoping.movement
of-said upper mandrel in.said. upper body to.re-

‘lease said upper-lock means.

6. Tn rotary..drill: bit-apparatus: .. lower drill

‘bit body; a lower mandzel -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; means on said mandrel for preventing sub=
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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an upper mandrel slidably splined to sald upper
bedy; an upper supporting member mounted on
said upper bedy 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 mem-
ber and cutter; means on said upper mandrel for
preventing substantial inward movement of said
upper supporting membper and upper cutter irom
their cutward expanded position upon downward
telescopic movement of said upper mandrel in
said upper body; lock means releasable by said
upper mandrel upon its downward telescopie
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 cufbter 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 supporiing member mounted on
said body for lateral outward movement with re~
spect to said body; a lower cutier on said sup-
porting member; means for expanding said sup-
porting member and cutter ocutwardly of said
body; means on said mandrel for preventing sub-
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;
an upper mandrel slidably splined to said upper
bit hody; an upper subporting member mounted
on said upper body for lateral cutward move-
ment 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 mem-
per 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 mandrel in said upper body; ubper 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 movement 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. Tn 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 member 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 mounted on said intermediate
bit body for lateral outward movement with re-
spect to said intermediate body; an interme-
diate custer on said intermediate 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 limiting the expansion of said
intermediate member and intermediate cutter to
2 maximum extent in which the cutting path of
said intermediate cutter extends outwardly a
greater radial distance than the cutting path
of the lower cutter buj in which said paths-ever-
lap; an upper bit secured to the upper end of
said intermediate 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 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 grédter than that of said in-
termediate cutter hut overlaps the path of said
intermediate cutter; said intermediate 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 from penetrating the formation until
they have been lowered into the enlarged bore
produced by the lower cutter.

ARCHER W. KAMMERER.
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