Feb. 18, 1958

Filed Nov. 7, 1955

A. W. KAMMERER

2,823,901

EXPANSIBELE ROTARY DRILLING TOOLS

oz Y2 , B \ng
s 22
23 2 Y 25
392 —< N "S55 }
0 \\ -9 0 2
S — TR N 5o 25
o) N N 23—
s M e w§ P~
r == “
A —-‘<§“Jg g N
56 4 37+ A A

35

=

sl

24

L NI=—

2 Sheets-Sheet 1

Zre. 2,

22

7
N

T

\w""p

=2

&

PELTA P
5 36 “
3 5 f
| .
/ 34 = \ £2
b “ TR = \'.
4 -7 b\
N
Z "
INVENTOR.

Aecyre W, Foomircesse,

BY .
/477'02/:/[;/,



Feb. 18, 1958 A. W. KAMMERER 2,823,901
EXPANSIBLE ROTARY DRILLING TOOLS
Filed Nov. 7, 1955 2 Sheets-Sheet 2

Tlre. Z

Nl | . INVENTOR.
ﬂfcxxz,e W. B omrcece,

76 BY ‘
2 B ent 2

AT TORN £



AL

United States Patent O

2,823,901
‘Patented Feb. 18, 1958

ice

1

2.823,901
EXPANSIBLE ROTARY DRILLING TOOLS '
Archér W, Kamméerer, Fullerfon, Calif., ‘assignor of one-
fifth to Archer W, Kamimerer, Jr., diid ‘che-Gfth to Jean
K. Laviphiere, Filllerton, Calif.
Application November 7, 1955, Serial No. 545413
9 Claiinis, (Cl. 255--76)

__The present ifivention relates to drilling-téols,’and more
‘particularly 1o tools usable -in ‘a well bore -to perform
diverse operations therein, such as enlarging -the diameter
of the well-bore or milling out-a-portion of the-casing’in
the well bore, .
.. Rotary drill bits of the-expansible type-are used 'to-en-
large the diameter -of the well bore and'to sever and-mill
away -a desired-extent- or length -of casing therein. -Such
bits -include cutters . disposed initially - in ‘retracted’ posi-
tion," where are expanded eutwirdly fo ixitially enlarge
the well bore at & particularlocation, or-to sever-the-cas-
ing -at a-predetermined -point, after “which ‘the -expanded
cuftersiare effective to-drill ahead as the bit is‘rotated:and
gradually lowered+in the well- bore.
.. After the*-cutters ‘have been -expanded,iany ‘desitable
drilling weight ~can “be -imposéd "therecn through ‘the
cagency of ithe~drill -string: to ~which the ‘tool -issecured.
-However, the force-availdble for ‘expanding ithe ‘cutters
Jfrom their initially retfacted ;position 'to ‘efilarge the well
bore or to-sever‘the-casing'is-limited. Suchilimited force
might: be-insufficient to sectire: proper. penctratisn ‘6f Hhe
-cutters: in- the ‘material being ‘operated - upon ‘and ¢ould
Tequire -considerable-timefor ‘the ‘tutiers to make a“icv-
ering-cut-in Casing, or tobe-expanded o their maxifiium
extent dn very thard formations.  This is*partictilirly tHue
‘of 'tHe “use of «cutters Thaving :ldrge ~tosth ‘drsas £oT ‘én-
-gagemeht with - the formatién “or " seviarsd - énd - of “the
‘casing ‘after the cutters hive tbeen “expanded 'to their
‘maximiun-extent. - For exdmple, it s desirable ‘to ldve
“a Targe tooth susfacelin contact with the sévered ‘endof
"ocasing, $ines greatér drilliig weights*éai‘n"bé*’i_‘m‘pbsed‘ ‘on
~thie cutters ‘o> mill ‘the casing ‘dwdy ‘mote ‘fapidly, ‘while
the cuiters “stll 'pdssess «a'long fiseful life. ~“Stich Targe
stooth $irrfacés ‘would dlso éngage ‘the easing ‘wall 'when
akingia seveting ¢iif in'the-casing, dnd sitice the’ cutter

“expanditigiforée islimited, such force, spread-over a large
“wsurface; wolild Fésult:in slow' progiess being made in-sev-

ering ‘the  ¢asitg, ‘
“Accordingly,'it is‘dn‘object of ‘the present ‘invertion to
sprovide*an‘expandible rotary ‘drill bit having a relatively
Jarge total‘tooth surface available for enlarging” the well
‘biore “or ‘milling “away-'casing in-a" well “bore “after the
“cutters'have ‘béen éxpanded, in which the effectivensss of
‘a linited cutter “éxpansion force in penstrating the cutters
into “the “wall 'of “a formation “or of a casing is greatly

“enhanced.

“Anothier "object 'of ‘the invention is to provide an“éx-

 pandible ‘fotary -drill 'bit ‘embodying cuttes capable of

‘effectiverdperation upon casing-and very hard formations,
the éutters passessing great stréength*and long “life, and

“capable ‘of ‘easy “maintenance, free from cuttings and in

‘a ‘coelistate by the drilling fluid circulated through “the
‘bit, thercby “preventing ‘balling up 'of the ciitters and the
‘retarding<of their elitting“action,

<A further-object 6f ‘the invention is'to provide ‘an’é&x-
“pansible ‘rotafy-drill ‘bit capable of severing ‘casinig in"a
“well*bore dnd of milling"away“a desired length or extent
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2
‘of casing; the bit:cutters coacting with the casing to cénter
the bit in-the latter and insure its stable opératicn.

This invention - possesses- many- other - advantages, ~and
‘has ‘other-objects which -may ‘be -made more clearly-ap-
:parent-from-a consideration. of-several*forins-in which it
may be embodied. These forms-are-shown in:the: driw-
ings accompanying-and forming,part of the present’ spec-
-fisation. Fhey-will -now-be described in ‘dstail, for - the
purpose-of illustrating the:general principles ofithe inven-
“tion; but itdsito-beiunderstood-that such detailed: deserip-
‘tionis not  to-be taken:in'a limiting 'sense, :since thetscope
of-the-invention /is-best-defined by the -appended: claims.

‘Referrifig toithedrawings:

Figure < 1:ds+a:longitudinal 'section ‘through “an embsdi-
-mhent-of thelinveritidn-disposed - in-aswell casing, withithe
=cutters -and-other:paits océupying theirinitial irétracted
fpesitions;

=Fig. 2 ds~a+longitudifial 'section similar:to 1Fig. /1, dis-
“closing “the: cuitters -locked in :théir fully ‘expanded posi-
‘tion;

Fig. 3 is an enlarged fragmentary “view 6fia citter in

sperforming itsisevering ‘wetion on ‘casing;

nFig. 4:s:an insidetelevational view ‘of oiie 6f theicutter

"structuies, as seen along the lined-—4:on Fig, 3;

1Fig.:51is ia bottom planvisw of onesof the cutter strisc-
“tures; as ‘séen along:thellitie 5—5 ‘on Fig, 3;

+Fig.«6'is ra wiew 6 clittér StFusture: in fully ‘expanded
‘position:and gerating Wpon‘a seversd end of the-casing;

Fig. T istatbsttomplan visw 6f+a modified form-of
‘cuttersstricture. :

As shown!in wiligs avrotary expansible drill bit
“or millixig tool Sectired tothe:Tower end of a“stfing
-of-drill pipe!Brthat extendsito ‘the ‘top of the wéll'bore’C,
rant” by-means ef “whith e dfllBit s Towerédthrovgh
wastring of well cading D tora region thereinswhere a“¢as-

ing milling operation is to commence. - Althoygh de-
-seribed heteintin cotmiection with'a casing millirg ‘Opera-
ition, it:isito-be understood  that the apparatnsis capable
“of-performivigrothértoperations in/the well bore suchias
enlarging its ‘diameter,
“Theriipperiportion of ‘the fotary!drill*bit consists’Gf a
“mandrel 10*having an' upper pin 11! threddedly conneéted

“to thelfowerend’ of: the' string: of'drill pipe B, “Fhis man-

drel includes an upper kelly or drill Stem member-12'slid-
~ablysplined ‘to the main’body 13+6f the drill*bit. " The
sexterioriof the lower pottion® ¥4 6f the kelly'is non:éiretilar

“in ‘$hape, ‘being ' telescopically ‘received ‘ina companion

‘nen-circular socket*15 formed in’the “main’bit body~13.
“Specifically;'the Kelly exterior and the socket 15" may“be
of ‘Hexagonal ‘shape, ‘to‘enible’ the'kélly 127to* be moved
Jongitudinally “with respeet’ to”the’ body 13, while "still
“Being capable 6F transmitting rotary motion’ to’ the' body.
“The*mandrel ‘1¢*has ' limited ‘rafige of “longitudinal
‘movement-within"the*body;’ its ' downwatd: movement ‘be-
ting“determiried 'by enigagemeiit 6f ‘the “lower “end 16 - of
“the “kellywithan “inwardly * directed “body shoulder' 17,
-and-its ‘upward ‘movement* being liinited” by - engagement

- of an‘external shiculder or piston’ portion 18 of' theKelly

with 4 'cylin’der’head‘;‘w:se'cure‘d"tc‘)“‘c_i;e”body. “The upper
-end-of' the tiead Has 2" flange 26 ‘engdging a‘body Shoulder

21, the flange 'being’ preverited “from: ‘moving apwardly of

‘the' body by+split*sriap' rétaiver rings 22 ‘fiting 1i: a“body
greove 23 and overlying the flange ™20, “An -annolar-guide
24 is releasably secured to’the*body 13 by "a-split shap
ring" 25" above' the Tétainer rlngs.

Fhe' body 3 has-a plurality 6f expansible parts moimit-
ed on’it. "These”inclide cutter supporting. members 26

“pivotally mounted in bedy slots 27 on hinge pins 38 and

suitzib‘ly “secured to the body, to prevent their loss there-
from. " Each cutter:supporting member 26 depends: from

“the'hinge pid 28 and carries a drag or milling cutter struce-
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ture 29 at its lower end, which structure is specifically
described hereinbelow.

The cutter supporting members 26 and the cutter struc-
tures 29 themselves tend to occupy a retracted position
substantially entirely within the confines of the main
body 13 of the bit. These cuiter supporting members
and the cutter structures are expandible outwardly, to
sever the casing and mill it away by operating upon the
upper end E of the casing therebelow. To accomplish
the expansion, each cutter supporting member 26 has an
inclined expander surface 39 on its inner portion below
the hinge pin 28 which tapers in a downward and in-
ward direction. FEach expander surface terminates in a
lock surface 31 formed on a lock portion 32 of the
cutter supporting member. The outward expansion is
accomplished by producing relative longitudinal move-
ment between the mandrel 10 and the bit body 13, which
will produce relative longitudinal movement between the
cutter supporting members 26 and the tubular member
33 of the mandrel 18. This tubular member includes
a lower portion 34 slidable within a guide bushing 35
mounted in a bridge 36 secured to the body and extend-
ing across the body slots 27. This guide bushing 35 is
disposed below the lock portions 32 of the cutter sup-
porting members 26.

Located initially substantially above the guide bushing
35 and below the hinge pins 28, and in cutter member
recesses 37, is a mandrel lock and expander 38 which
has outer surfaces 39 adapted to engage the expander
surfaces 3@ and the lock surfaces 3i. The lock and
expander 38 may be formed integral with the tubular
member 33, the upper end of the latter being piloted
within a socket 40 formed in the lower portion 14 of
the kelly 12. An enlarged boss 41 on the tubular mem-
ber 33 engages a downwardly facing shoulder 42 of the
kelly, the tubular member being held against this shoul-
der by a suitable split retainer or lock ring 43 snapped
into an internal groove 44 encompassing the Kelly socket
and engaging the lower end of the tubular member
boss 41,

Drilling mud or other fluid can pass down through
the central passage 45 in the kelly or drill stem 12 and
into the central passage 46 extending completely through
the tubular member 33. Leakage of fluid around the
exterior of the tubular member 33 is prevented by a
suitable side seal ring 47, such as a rubber O ring, in
. a peripheral groove 48 in the kelly, which engages the
interior of the boss 41.

Assuming that the body 13 of the tool is elevated
relatively along the tubular mandrel 10, the inclined
expander surfaces 30 of the cutter supporting members
26 will be shifted upwardly along the lock and expander
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coengaging lock surfaces 39, 31 be inclined slightly in
a downward direction toward the axis of the tool, to
insure release of the lock and the expander portion 38
from the cutter supporting members 26 when the latter
and the cutter structures 29 are to be shifted to retracted
position,

The relative longitudinal movement between the tubu-
lar mandrel 19 and the body 13 of the tool is accom-
plished hydraulically in the specific form of apparatus
disclosed in the drawings. Thus, the piston or enlarged
portion 38 on the drill stem 12 is received within a
counterbore 51 formed on the upper portion of the body
of the tool. This upper portion actually constitutes a
cylinder 52 having a cylindrical wall 53 extending from
a lower shoulder 54, defining the bottom of the counter-
bore 51, to the cylinder head 19.

A confined cylinder space 55 is formed between the
piston portion 18 of the kelly, the periphery of the kelly
above the piston, and the cylinder 52. A suitable pack-
ing or side seal ring 56 may be disposed in a suitable
piston ring groove 57 formed in the piston 18, which
is adapted to slidably seal against the cylindrical wall
53 of the cylinder 52. Fluid is thereby prevented from
passing in a downward direction between the piston and
the cylinder. Similarly, fluid is prevented from passing
in an upward direction out of the annular cylinder space
55 by an inner side seal ring 58 carried in an internal
groove 59 in the cylinder head 19 and slidably and
sealingly engaging the periphery of the kelly 12 above
the piston 18, and also by an outer side seal ring 60
disposed in an external groove 61 in the head 19 and
sealing engaging the cylinder wall 53.

Fluid under pressure in the string of drill pipe B and
in the tubular mandrel passage 45 can be fed into the
cylinder space 55 through one or more side ports 62

. establishing communication between the central passage

45 through the kelly and the cylinder space. Such fluid
under pressure is developed, in the form of invention
disclosed in the drawings, by virtue of the fact that the
passage 46 through the tubular member 33 of the man-

. drel 19 is of a restricted diameter as compared to the
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portion 38 of the tubular member 33. During such up- -

ward shifting, the cutter supporting members 26, and the
cutter structures 29 carried thereby, will be pivoted about
the hinge pins 28 and urged in an outward direction.
The upward movement of the body 13 with respect to
the tubular mandrel 10 can continue until the cutter

- structures 29 have been shifted outwardly to their fullest
extent, as determined by engagement of stop shoulders
49 on the cutter supporting members 26 with companion
shoulders 50 formed in the body on opposite sides of the
body slots 27. When such engagement occurs, the lower
end 16 of the kelly portion 12 of the tubular mandrel
will engage the body shoulder 17, and the lock and
expander 38 on the tubular member 33 will be disposed
behind and in engagement with the lock portions 32 on
the cutter supporting members 26.

It is to be noted that the surfaces 31 of the lock por-
tions 32 of the cutter supporting members 26 and the
companion surfaces 39 on the lock and expander por-
tion 38 of the tubular member are substantially paraliel
to the axis of the drill bit, to prevent the reactive forces

“on the cutter structures 29 from moving the latter in-
wardly. As a practical matter, it is preferred that the
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passage 45 through the kelly portion of the mandrel.
As a result, the pumping of drilling mud, or other fluid,
at an adequate rate through the apparatus will build
up a back pressure of fluid in the passage 45, which pres-

- sure will be imposed on the fluid in the cylinder space

55, acting upon the cylinder head 19 to urge the body
13 of the tool in an upward direction with respect to
the tubular mandrel 10, to secure the outward expan-
sion of the cutter supporting member 26 and cutter struc-
tures 29 to their fullest extent, as above described.

As apparently disclosed in the drawings, a set of dia-
metrically opposed supporting members 26 and cutter
structures 29 are employed, displaced substantially 180
degrees apart from each other. Actually, it is preferred
to employ three sets of supporting members and sup-
porting structures displaced substantially 120 degrees
from each other, to secure a smoothly running rotary ex-
pansible bit. The two sets of supporting member struc-
tures are shown in the interests of simplicity of the draw-
ings. Each cutter structure 29 is secured to the lower
portion of a cutter supporting member 26 by use of
welding material 79, which functionally integrates the
cutter structure to the depending supporting member or
leg 26. The lower portion of the cutter structure has a
plurality of dspending legs 71, 72, 73 separated from one
another by substantial spaces 74, the depending legs, in
effect, constituting cutter teeth, which depend to sub-
stantially the same extent from the upper body portion
75 of the cutter structure. The lower ends of the teeth
71,72, 73 are preferably provided with hardfacing ma-
terial 76, whereas the leading faces of the depending teeth
are also provided with hardfacing material 77. Such
hardfacing material may be of any suitable type. How-
ever, it is found that the brazing of sintered tungsten
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carbide particles on the leading faces of the testh, as well
as on their ‘bottom faces 6r suifaces, is very éffective ‘in
milling away casing 'sections and in ‘acting upon very
hird formations. X

As specifically disclosed in Figs. 4 and 5, ‘each cutier
structure 29 has 'three depending legs or ‘teeth 71, 72, 73,
It is’ preferred to use a pltirality “of teeth, ‘in ‘order to
have ‘a large cutting surface ‘in contact with the ‘cdsing
section or formation, after the cutter supporting Hiein-
bers 26 and cuiter structurés 29 have been expanded otit=
wardly to theif maximum extent. The necessary drill-
ing weight can be impdséd on ths string of drill pipe B
ad on the Totary drill bit ‘A itself, to secure a proper
cutting away of the tasing material or of the formation.
However desirable the plurality of ‘teeth miay be, they
offer a disadvantage in securing the initial severing cut
in the casing D in view of the large surface that will
contact the inner wall of the casing and the relatively
Hmited expanding force available for urging the <cutters
29 from their fetracied to their fully ‘expanded ‘posi-
tions,

The ‘present invention oveicomes the aforenoted dis-
advantage by causing a lesser number of teeth to engage
the ‘casing D and mdke the severing ¢ut than are avail-
able to engage the casing at E after it has been severed,
atid when drilling weight can be imposed in a downward
direction on the cutters 29. Thus, it will be noted that
each cutter tooth 71, 72, 73 extends radially outward
beyond the upper body portion 75 of the cutter structure
29, but that only sothe of the cutter teeth, such as the
end teeth 71, 73, are capable of engaging the casing in
effecting its severing. As specifically disclosed, the end
teeth 7%; 73 are each provided with a layer of hardfacing

material 78 running lengthwise therealong from the

lower end of thie tobth to the region where the tooth
emerges into thé body portion 75 of the cutter structure,
and thiat such hardfacing material 78 extends radially out-
ward of the cutter structure to a much greater extent than
the intermediate tooth 72. As a matter of fact, since the
intermediate tooth 72 is'not caused to perform any sever-
ifg ‘action on the casing D, it is not even supplied with
bardfacing material on its outér surface 72a. ‘Tts outer
surféce ‘is disposed inwardly of the outer surfaces 78g
of the end teeth 71,73 to a substantial extent, so that the
Guter ‘fiace of the intermediate tooth cannot éven engage
the casing until the end teeth 71, 73 have completed the
severing action on the casing. ) )

The lower ends of the teeth will all lie substantially
in ‘the same plane when the cutter Supporting members
26 and cutter structures 29 have been expanded outwardly
‘to their maximum extent, whereas. the outer surfaces 784
of the end teeth 71, 73 lic on an arc of a circle that Has
a ‘substantially greater radius than the arc of the circle
on which the outer surface 724 of the intermediate tooth
lies.

In the operation of the apparatus A, it is fun in the
‘well casing with the cutter. supporting members 26 and
the cutter structures 29 in their initial retracted posi-
tion, such as shown in Fig. 1. The lower portion of the
body 13 of the apparatus may have a pilot structure: 80
secufed thereto, such pilot structure being constituted by
circumferentially spaced, longitudinally extending blades
81 which are capable of riding along the wall of the cas-
ing D, to center the apparatus therewithig. When the
apparatus has been lowered to the desired point in the
well casing D at which the latter is to be severed, the
pumps at the top of the well bore are started to pump
fluid at'a sufficient rate through the drill pipe B and into
the ‘mandrel passages 45, 46 building up a back pressare
in the Kelly passage 45 and in the fluid in the ports 62
and cylinder space 55, which pressure will act upon the
cylinder head 19 to urge the body 13, the cutter support-
ing members 26, and the cutter structures 29 in an up-
ward direction with reéspect to the mandrel 10.

During such upward movement, the expander-surfaces

[¥]

[

10

20

25

30

35

40

45

50

85

60

70

75

58601

6 ‘

30 on the cutter supporting members 29 ‘are brotght to
‘bear “against ‘the lock vaild expander portion 38 ‘of the
mandrel, the cutter structures ‘being urged in an “out-
ward direction against the wall 6f the well ‘¢asing. The
drill pipe B and the rotary drill 'bit A arerotated at proper
speeds while fluid is being pumped throtigh-the apparatus,
the “outer “casing ‘severing “or reaming edges 78 ‘of ‘the
cutter teeth 71, 73 -acting -upon the wall of ‘the casing
and gradually milling it &way. Dusiilg this operation;
the apparatus is. retained in the ‘same longitudinal posi=
tion in the well ‘casing. ~As the ‘casingis ctit away, the
Hiydraulic force acting uporn the body 13 ‘raises ‘it ahd
the cutter supporting members 26 ahd citter Stiuctures
28 to-a further extent, until ‘the ‘reamner €dges 78 6f the
cutter teeth 71, 73 tave completely severed the ‘¢asing.
Such sévering action will ‘vecur before the outer face T2q
of the intermediate cutter tooth 72 ¢dn engage the inner
wall of the casing ‘D. Thereafter, ‘rotation 6F the drill
pipe B and the rotary drill ‘bit ‘A continiies, 6 ‘that ‘the
reamer edges 78 continue to'cut away the casing and dig
into the formation, until the cufters 29 have been fully
expanded outwardly ‘to the maximuin extent, as deter-
mined by engagement of the stop ‘sholilders 50, and the
lower end 16 of the Kelly iportion of ‘the ‘fandrsl with
the body shoulder 17. With the Parts -in this position,
the lock portion 32 of 'the clitter supporting member 26
will bear agdinst ‘the lock and expander portion 38 of
the tubular member 33 to predlude inadvertant partial
retraction of the cutter structures 29 from thair fully
€xXpanded position.

Downweight of 'the ‘proper amount is Row imposed on
the string of drill pipe B, this downweight being trans-
mitted through the kelly-12 to the ‘bedy shoulder 17, and
from the body thiough the stop shoulders 50, 45 directly
to the 'supporting  members: 26 and -the cittef structures
29, urging the three blades 71, 72, 73 6f each cutter 29
against the ‘upwardly facing severed énd B of the wéll

casing D: It is evident that 4 greater Auinber of teeth

and surfaces aré not available for a milling action ipon
the upper end E of the casing than was used in severing the
casing. ~Assurmiing that thrée ‘sets of Supporting mem-
bers 26 afd cutter structures 29 sre used, each citter
structure 29 having the configuration disclosed in Figs.
4 and 5, a total of nine cutter teeth will be available for
action upon the severed end E of the casing. 'With stich
large number of cutter teeth, and in view of the extent of
their bottom faces 76, a relatively large drilling weight
can be imposed upon the cutfer teeth ‘t6 éiuse a rela-
tive rapid milling away ‘of the casing D. The drillifig
weight can be varied within wide ranges. However, since
the expanding force in making the severing ¢ut o the.
casing is limited to the hydraulic preséure that ¢an be.
made available in the ‘cylinder ‘space 55, and $incé ‘the.
total force, as a practical matter, can only be of 2 certain
Maximum value, the distribution of the outward expand-.
ing force over a lessér number of teeth 71, 73 than are
used in milling away the casing after it has beén severed,,
means that a greater unit penétrating pressure is being:
supplied on the reamer edges 78 of the testh 71, 73 than
would be present if the intermediate tooth 72 were also
made “effective in performing the casing severing action.
With such lattér tooth 72 active, inadequaté penetration
into the casing wall might result.

It is to be noted that there are relatively wide spaces 74
between the depending teeth 71, 72,73, Accordingly, ‘the
cuttings that the teeth produce can readily be flushed from
between them by the drilling fluid circilated  dewn:
through the drill pipe B and through the tool, discharging
from the lower end of the mandrel passage 46. Each
tooth will have fluid circulating therearound, which will
not only insure that the tooth faces 76, 77 are maintained
free from cottings, but will insare that the circulating:
fluia will maintain the teeth in a cool condition, ‘to en-
hance their life.

As the bottom ends 76 of the testh operate upon the
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casing section, the latter will be gradually milled away in
a downward direction. During the milling action, the
casing itself may wear grooves 9@ in the casing teeth
(Fig. 6), the grooves extending upwardly from their lower
- ends 76 with the side walls 91 of the grooves of the teeth
closely sliding along the inner and outer surfaces of the
casing D. Such grooves are of advantage in connection
with the stabiblity in the operation of the apparatus, since
it assists the pilot portion 80 in centering the bit in the
well casing, to insure its smooth cepration. The multiple
cutter teeth 71, 72, 73 of each cutter siructure extend
along a substantial arc of casing, as is evident from an in-
spection of Fig. 5, the grooves 98 formed in the teeth
being arcuately spaced from one another, so as to insure
the stable positioning of each cutter structure 29 on top
of the casing. In addition, the fact that it is preferred to
- use three sets of cutter structures spaced 120 degrees apart
means that there are nine cutter tooth grooves 99 re-
ceiving the upper end of the casing after the too! has been

operated to some extenf, which cause the teeth to em- *

brace the casing at a large number of points around the
latter. The use of a plurality of arcuately spaced cutter
teeth in each cutter structure, and of a plurality of struc-
tures, all assist in the stability in the cperation of the ap-
paratus in milling away casing sections in a well bore, and
increases the efficiency of the tool. In actual practice, the
apparatus disclosed has been capable of milling away
hard casings in a well bore in a comparatively rapid
manner.

The plurality of arcuately separated cutter teeth 71, 72,
73 in each cutter structure also provides a much greater
cutting surface capable of simultaneous operation upon the
well casing. As the cutter teeth wear away, there is
effective hardfacing material on the leading face 77 of
each tooth capable of a cutting operation on the upwardly
facing casing end E. Such hardfacing material is avail-
able and is effective until the casing has formed grooves
99 in the cutter teeth to their uppermost ends, where they
are joined to the main steel body 75 of the cutter struc-
ture 29. _

The cutter structure disclosed in Fig. 7 possesses more
cutter teeth than that disclosed in Figs. 4 and 5. Actually,
the cutter structures disclosed in Fig. 7 have four cutter
teeth 92, 93, 94, 95 arcuately separated from each other,
with their leading faces 77 and bottom faces 76 provided
with hardfacing material. However, only alternate cutter
teeth 92, 94 have their casing severing or reaming edges
78 provided with hardfacing material, these edges ex-

- tending outwardly to a substantially greater extent than
the outer edges 72aq of the other cutter teeth 83, 85. As
was described in connection with the cutter structure
shown in Fig. 5, the hardfaced reamer edges 78 extend
ocutwardly beyond the other outer tooth edges 724 to an
extent insuring severing of the casing before the un-

. hardfaced outer edges 72a could engage the casing wall.

Accordingly, in Fig. 7, the unit force acting on'the
reamer edges 78 to sever the casing is much higher than
would be available if all four cuter edges 78, 724 of the
teeth 92 to 95 were permitted to engage the well casing in
making the severing cut. Despite the fact that there are
only two cutter teeth 92, 94 available to accomplish the
severing action, four spaced cutter teeth $2 to 95 are
available for action upon the severed end E of the casing,
which will permit a greater total drilling weight to be
supplied on the tool, effective over 2 large number of
cutting teeth, to cause the casing to be milled away at a
comparatively rapid rate: '

When it is desired to retrieve the apparatus A from the
well bore after- the hole enlarging operation has been
completed, or as a result of the cutter feeth becoming
worn, it is only necessary to discontinue the pumping of
the drilling fluid thrcugh the drill pipe B and the ap-
paratus A, to relicve the pressure on the cylinder 52, and
clevate the drill pipe B. Such clevating movement will
clevate the tubular mandrel i€ with respect o the body
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13 and the citter supporting members 26 to raise the
lock and expander portion 38 above the expander sur-
faces 30, whereupon the cutter structures 29 can drop
back to their retracted position, such as disclosed in Fig.
1. In the event the cutters 29 are reluctant to move to
such position, the outer surfaces 26 of the cutter support-
ing members will engage the casing above and adjacent
the location where the severing cut was made, when the
apparatus is elevated in the well bore, which will force
the cutter supporting members 26 and cutters 29 in-
wardly, enabling the apparatus to be withdrawn through
the well casing D to the top of the well bore.

1t is, accordingly, apparent that an expansible rotary
drill bit has been provided in which a large tooth surface
is available for action upon the severed end of a well
casing, or for action upon hard formation, when drilling
weight can be imposed therson.  However, during the
initial expansion of its cutters, as in making a severing cut
of the casing, only a portion of the cutter teeth are utilized
to enhance the penetraticn of the cutter teeth into the
casing, and effect its severing in a more expeditious man-~
ner. The cutter feeth are widely separated from each
other, to insure their being maintained free from cuttings
by the fluid being circulated down through the drill pipe
B and apparatus A, as well as in a cool state. The use
of a plurality of cutter teeth on each cutter structure,
arcuately separated from each other, causes the severed
end B of the casing to form grooves 99 along arcuately
spaced portions of the tecth of the cutter structure, which
insures the centering of the apparatus in the well casing
and stability in its operation therewithin.

The inventor claims:

1. In a rotary drill bit to be lowered in a well bore: a
main body; cutter means mounted on said body for ex-
pansion laterally outward of said body; means for expand-
ing said cutter means laterally outward of said bedy; said
cufter means including a drag cutter structure having a
plurality of depending teeth arcuately spaced from each
other and having lower cutting faces lying in the same
plane so that all teeth and lower faces are adapted for
simultaneous operation upon a shoulder formed in the
well bore which opposes the advance of said teeth; at
least one of said teeth having an outer reaming surface
extending radially outward to a substantially greater ex-
tent than the corresponding outer surface of another of
said teeth.

2. In a rotary drill bit to be lowered in a well bore: a
main bedy; cutter means mounted on said body for ex-
pansion laterally outward of said body; means for expand-
ing said cutter means laterally ontward of said body; said
cutter means including a drag cutter structure having a
plurality of depending teeth arcuately spaced from each
other and adapted for simultaneous operation upon a
shoulder formed in the well bore which opposes the ad-
vance of said teeth; at least one of said teeth having an
outer reaming surface extending radially ocutward to a
substantially greater extent than the corresponding outer
surface of another of said teeth; the lower and leading
faces -of all teeth being hardfaced, said reaming surface
being hardfaced -and said corresponding outer surface of
said another of said teeth being devoid of hardfacing.

3. In a rotary drill bit to be lowered in a well bore; a
main body; a supporting member pivotally mounted on
said body; a drag cutter structure secured to the lower
portion of said member; means for expanding said mem-
ber and cutter structure laterally outward of said body;
said drag cutter structure having a plurality of depending
teeth arcuately spaced from each other and having their
lower cutter faces lying in the same plane so that all
teeth and lower faces are adapted for simultaneous opera-
tion upen a shoulder formed in the well bore which op-
poses the advance of said teeth; at least one of said teeth
having an ocuter longitudinal reaming surface extending
radially cutward to a substantially greater extent than
the corresponding cuier surface of another of said teeth.



2,823,901

4. In a rotary drill bit as defined in claim 3; wherein
said reaming surface is hardfaced and said corresponding
outer surface of said another of said teeth is devoid of
hardfacing material.

5. In a rotary drill bit to be lowered in a well bore: a
main body; a supporting member pivotally mounted on
said body; a drag cutter structure secured to the lower
portion of said member; means for expanding said mem-
ber and cutter structure laterally outward of said body;
said drag cutter structure having a plurality of depend-
ing teeth arcuately spaced from each other and having
their lower faces adapted for simultanecous operation upon
a shoulder formed in the well bore which opposes the ad-
vance of said teeth; at least one of said teeth having an
outer longitudinal reaming surface extending radially out-
ward to a substantially greater extent than the corre-
sponding outer surface of another of said teeth; the lower
and leading faces of all teeth being hardfaced, said ream-
ing surface being hardfaced and said corresponding outer
surface of said another of said teeth being devoid of
hardfacing.

6. In a rotary drill bit to be lowered in a well bore: a
majn body; supporting members pivotally mounted on
said body in equiangular circumferentially spaced rela-
tion; a drag cutter structure secured to the lower portion
of each of said members; means for expanding said mem-
bers and cutter structures laterally outward of said body;
each of said drag cutter structures having a plurality of
depending teeth arcuately spaced from each cother and
having their lower faces adapted for simultaneous opera-
tion upon a shoulder formed in the well bore which op-
poses the advance of said teeth; at least one of said teeth
of each cutter structure having an outer longitudinal
reaming surface extending radially outward to a substan-
tially greater extent than the corresponding outer surface
of another of said teeth; the lower and leading faces of
all teeth of all cutter structures being hardfaced, said
reaming. surface of all cutter structures being hardfaced
and said corresponding outer surface of said another of
said teeth of each cutter structure being devoid of
hardfacing.

7. In a rotary drill bit to be lowered in a well bore: a
main body; cutter means mounted on said body for ex-
pansion laterally outward of said body; means for expand-
ing said cutter means laterally outward of said body; said
cutter means including a drag cutter structure having a
plurality of depending teeth arcuately spaced from each
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other and having lower cutting faces lying in the same
plane so that all teeth and lower faces are adapted for
simultaneous operation upon a shoulder formed in the
well bore which opposes the advance of said teeth; the
outer reaming surfaces of alternate teeth extending radially
outward to a substantially greater extent than the corre-
sponding outer surface of each intervening tooth.

8. In a rotary dril bit to be lowered in a well bore: a
main body; cutter means mounted on said body for ex-
pansion laterally outward of said body; means for expand-
ing said cutter means laterally outward of said body; said
cutter means including a drag cutter structure having a
plurality of depending teeth arcuately spaced from each
other and adapted for simultaneous operation upon a
shoulder formed in the well bore which opposes the ad-
vance of said teeth; the outer reaming surfaces of alternate
teeth extending radially outward to a sabstantially greater
extent than the corresponding outer surface of each in-
tervening tooth; the lower and leading faces of all teeth
being hardfaced, said reaming surfaces being hardfaced,
and said corresponding outer surface being devoid of
hardfacing.

9. In a rotary drill bit to be lowered in a well bore: a
main body; supporting members pivotally mounted on
said body in equiangular circumferentially spaced rela-
tion; a drag cutter structure secured to the lower portion
of each of said members; means for expanding said mem-
bers and cutter structures laterally outward of said body;
each of said drag cutter structures having a plurality of
depending teeth arcuately spaced from each other and
having their lower faces adapted for simultaneous opera-
tion upon a shoulder formed in the well bore which op-
poses the advance of said teeth; the outer reaming sur-
faces of alternate teeth of each cutter structure extending
radially outward to a substantially greater extent than the
corresponding outer surface of each intervening tooth;
the lower and leading faces of all teeth of each cutter
structure being hardfaced, said reaming surfaces of each
cutter structure being hardfaced, and said corresponding
outer surface of each cutter structure being devoid of
hardfacing.
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