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| 11 Clalms.
This mventmn relates to a well tool a.nd re-

lates  more partmularly to a well drill or well

drilling bit. It is a general object of the present
invention to provide a simiple, practical and
pa,rtlcularly efficient well drill.

In the art of well drilling b1ts it is recegmzed
drill which cuts & compartively narrow
annular channel in the earth formation and

leaves a core is more efficient and rapid in its

penetration of the formation than a drill which

- cuts a cylindrical bore of the same diametfer.
Well drills have been introduced which make an

- annular cut in the earth formation to leave a

1)
At

core which may be washed away through the
ercding act’on of the circulation fluid if the for- .
- mation is very soft, but which must be drilled
away or freed from the formation and withdrawn ..

from the well bore if the earth formation is hard
or relatively hard. When a well drill. of the

character just referred to is provided with cut-

ting means for cutting away the core during the
operation of the drill, the efficiency and speed of

the driil is materially reduced and its action is

substantially the same as that of the typical drills
for making cylindricai bores.
factors limiting the practicability of the type of

well dril] designed to make an annular cut in
the earth formation and then carry the remain-

ing core to the surface when it is withdrawn
from the well. For example, it is often very dif-

"~ ficult to break a large or hard core free from the

~ {hat may resist the eroding action of the cir-

 formation, and the length or amount of bore hole

that may be drilled is limited by the amount of
core that may be safely and efliciently ha.ndled
when the drill is pulled from the well. |

It is an object of this invention io provide
g, well drill that cuts a comparatively narrow an-

nular channel in the earth formation so that it

is rapid and efficient in its cutting action and
that includes a novel and effective means for -

breaking up any hard or- relatively hard core

culation fluid without reducing or impeding the
drillng speed and efficiency of the tool. .
It is another object of the invention to pro-

vide a well drill that includes cutting parts op- -

~ eratable by rotation of the tool to make a com-

55

partively narrow annular cut in the earth for-

mation and leave a core and . a core breaking

bit that is adapted to break up the core by a

percussive action independent of the rotary mo-_

tion of the drill. |
‘It is another obJect of the invention to pro-

vide a well drill that operates with the speed and
efficiency of a core drill or core receiving drilling

There are various

- for the breaking up of the core by the core break-

(Cl 255-—61)
bit, and that is operatable to break up or destroy

the hard or relatively hard core which resists
the erosive action of the c1rculat10n fluid so as to
drill a cyl'ndrical bore.

It is another object of the invention to pro- 5

_vlde a well drill that includes cutting parts for
“making an annular cut in the earth formation
when the drill is rotated in the usual manner and

a core breaking cutter or bit that takes very |
little of the drilling weight or feed pressure dur- 10
‘ng the rotation and operation of the tool and
therefore does not appreciably retard the drill-
ing speed of the cutting parts and which may
ke operated to quickly break up the core by suc-
cessively raising the drill and allomng it to fall 15

or drop.

It is another object of the mventmn to pro—
vide a well drill of the character mentioned in

‘which the core breaking: bit may be operated fo

quickly and effectively break up the core by an 20
impacting or percussive action when the drill is
successively raised and dropped, without sub-
jecting the cutting parts for making the annular
cut to any severe percussions or dulling action. |
- It is a further object of the invention to provide 25
a well drill of the character mentioned that is
easy and eflicient to operate, and that is simple
and inexpensive of manufacture. |

Other objects and features of the 1nve*1t10n |
will be fully understood from the following de- 30

tailed description of typical forms and applica-

tions of the invention, throughout which descrip-
tion reference is had to the accompanymg draw-
ings, in which:

- Fig. lisa long1tud1nal detalled sectional View 3o
of one embodiment of the invention illustrating

it in operative position, and in relatively soft
earth formation. Figs. 2 and 3 are transverse
detailed sectional views taken as indicated by
lines 2—2 and

2—3 respectively, on Fig. 1.
4 is a bottoem elevation of the drill lllustrated in
Fig. 1. Fig. b is a long.tudinal detailed sectional

view of the lower portion of the drill raised to

the position where it may be dropped to provide 45
ing bit. Fig. 6 is a view similar to Fig. 5 illus-
trating a core extending into the body and show-
ing the core breaker in its up position. Fig, 7
is a longitudinal detailed sectional view of an- go
other embodiment of the invention, taken as in-
dicated by line T—1 on Fig. 8. Fig. 8 is a trans-

verse detailed sectional view taken as indicated

by line 8—8 on Fig. 7. Fig. 9 is a transverse de-

- tailed sectional view taken as 'indicated _b_y -l_ine 53

Fig. 40
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9—8 on Fig. 7, and Fig. 10 is a bottom elevatmn

of the drill shown in Fig. 7.
The form or embodiment of the 1nvent10n illus-

 trated in Figs. 1 to 6, inclusive, of the drawings,

includes, igenerally, & body 10, cutting means 1

on the lower end of the body for making an

annular cut in the earth formation, a longitudi-
nally movable mandrel! 12 in the body (0, and
a bit 13 on the mandrel 12 operatable to cut away

- the central portien of the earth formation when

the formation is soft, and operatable to break

up the core when the earth formation is hard

or relatively hard.

The body 10 is an elongate tubula.r structure
that is capable of considerable variation without
departing from the spirit of the invention. The
particular body illustrated in the drawings in-
cludes a main tubular part (4 of substantial
length and of comparatively large diameter. A
plurality of longitudinal splines {5 is provided
on the interior of the body part (4 for the pur-

pose to be subsequently described. A member

6 is threaded into the upper end of the body

- part 14§ and has a central longitudinal opening (1.

The member [6 has a reduced socket portion 16
at its upper end provided with a socket 8. A

sub 19 has its pin threaded into the socket 18

and carries an elongate tubular body section 20.
The section 20 may be of considerable length and
may be provided at its upper end with a sub 21
or other suitable means for facilitating connec-
tion with the drill collar of a drilling string.
The invention may include guide means on the
body to stabilize the drill and to aid in guiding
the drill during operation. In the form of the

invention being described, a plurality of circum-

ferentially spaced guide blocks 22 is arranged in
dove-tailed recesses 23 in the member 6. The

- guide blocks 22 are clamped or retained in the

recesses 23 by the upper end of the body part
4 and project outwardly to engage the wall of
the well bore B. It will be apparent how the
circumferentially spaced guide blocks 22 are op-
eratable to effectively stabilize and guide the drill.
The blocks 23 may be formed of a material hav-
ing a relatively low resistance to abrasion so that
they will not cause b1nd1ng or sticking of the drill
in the well bore.

The cutting means 1 is provided on the lower

end of the body 10 and is operatable to make an

annular cut or channel in the earth formation
when the drill is rotated and fed downwardly :

in accordance with the usual practice in the ro-

tary method of well drilling. The particular cut-

ting means 11 illustrated in the drawings includes
a body or shoe 24 screwthreaded onto the lower
end portion of the body part 4. Cutting parts
project from the shoe 24 to act on the earth for-

mation. In accordance with the broader aspects

of the invention, any suitable or desirable type
of cutting parts may be embodied in the cutting
means . In fhe specific embodiment of the in-
vention illustrated in the drawings, the shoe 24
is provided with a plurality of circumferentially
spaced cutting teeth or blades 25. The blades 25
project downwardly from the lower end of the
shoe 24 and are suitably shaped to properly act

on the formation. The cutting blades 29 project
from the interior and exterior of the shoe 24 to

make an annular. cut of sufficient width to pass
the main body part 148 with suitable clearance.

The mandrel 12 carries the core cutting and
core breaking bit 13, and in accordance with the
invention, has limited longitudinal movement in
the body 10. In accordance with the invention,

2,022,101

the mandrel 12 is arranged and eonstructed to
have free longitudinal movement relative to:the -

body 10, and to rotate with the body 10. In the
particular form of the invention being described, .
a plurality of keys or splines 26 is provided on &8

‘the mandrel 12 to slidably cooperate with thej

splines 15 on the interior of the body part (4.

‘The body splines I5 terminate at their lower ends °

at an annular recess 271 in the inner wall of the
body part 14. 'The lower ends of the splines 26 10
on the mandrel 12 are adapted to engage the low-
er wall of the recess 27 to limit the downward

‘-movement of the mandrel relative to the body.

A socketed portion 28 of reduced diameter is pro-
vided on the upper end of the mandrel 12 and 15
is adapted to engage the lower end of the mem-
ber 16 when the mandrel is in the position il-
Justrated in Fig. 6 of the drawings to limit the

~upward movement of the mandrel in the body.

In the preferred construction, the mandrel 12 20
is provided with a guide means. The guide means
may be in the nature of a stem 28 projecting

~upwardly from the portion 28. In the construc-

tion illustrated in the drawings, the stem 29 has
& pin 30 on its lower end threaded into the socket 25
in the socketed portion 28 of the mandrel. The

-stem 29 passes upwardly through the opening 11

in the member 16 and through the sub (9 to pro-
Ject into the body section 20. The stem 29 may

“be slidable in the opening 1T so as to effectively 20

guide the mandrel 12 and the core breaking bit
i3 for central longitudinal movement relative to
the body 10. The guide stem 29 of the mandrel

12 is .preferably comparatively heavy so that it

acts as a weight to give added momentum and 35
percussive force to the core breaking bit 13. A
socket 31 or equivalent means may be provided

~at the upper end of the stem 29 to facilitate the
- connection of a weight 32 to the stem if it is

found desirable or necessary to increase the 40
weight of the mandrel assembly.

The bit 13 which is carried on the lower end
of the mandrel 12 is operatable to cut away the

-core or central portion of the earth formation

during the operation of the cutting means ti if 45 -

- the earth formation is soft, and is operatable to

break up the core if the earth formation is hard
or relatively hard. The core cutting and break-
ing bit 13 may be attached to the mandrel 12 in
any suitable manner, for example, it may have a 53
pin 33 threaded into a socket 34 in the lower end
of the mandrel. The bit 13 is preferably propor-
tioned to move or operate through the main body
part 14 with substantial clearance and to project
from the lower end of the body when in its lower 53
or down position. Suitable cutting parts are pro-
vided on the bit 13 for drilling into or cutting
away the center of the bore where the earth for-
mation is soft, and for breaking up the core when
the tool is operating in hard earth formation. 60
The particular bit 13 illustrated in the drawings

1s provided with four circumferentially spaced
outer teeth or blades 35, and two central teeth 36

- projecting downwardly beyond the blades 35, it

being understood that the bit may be prcmded G5
with cutting parts of any suitable type or char-
acter. The blades 3% are radially disposed rela-
tive to the vertical axis of the bit, and their edges

31 are inclined downwardly and inwardly to the
teeth 36. The teeth 36 may be substantially ra- 70
dial, and may be proportioned and positioned to
penetrate the central portion of the core or the
earth formation some distance in advance of
the blades 35, |

The invention provides eﬂective means for 75



2 022,101

handling the rotary mud or circulation fluid.
The circulation fluid may be pumped downwardly

through the operating string in the usual manner
to discharge through the passage 38 of the sub 21..

A central longitudinal fluid passage 41 is provided '_
“in the weight 32 and the guide stem 29. A pas-

~ sage 43 is provided in the mandrel 12 to communi-

10

19

cate with the passage 41 and a central passage 44

in the bit {3. Ports 45 are provided in the bit
head 13 to discharge the fluid from the passage 44

downwardly and outwardly between the blades 35.

It will be apparent how the circulation fluid is
continuously discharged from the lower end of
the drill during all phases of its operation. When

the embodiment of the invention illustrated in

Figs. 1106, inclusive, of the drawings, is. operatmg

- in soft or relatively soft earth formations, the

- 20

- downwardly into the formation under a suitable

25

30

35

40

cutting blades 25 make an annular cut in the for-
mation, while the bit 13 may cut away the forma-

tion in the center of the bore surrcunded by the
annular cut.. The drill is rotated and is fed

pressure in the usual manner, and where the earth
formation is soft, the bit {3 may penetrate the
formation in advance of the cutting means II
somewhat in the manner illustrated in Fig. 1
of the drawings. The circulation fluid is dis-
charged from ports 45 to maintain a suitable tur-
bulence and circulation in the bottom of the bore.
When the drill is operating in hard or relatively
hard earth formations, the cutting blades 2% of
the means 1§ make an annular channel or cut B

to leave g central upstanding core C. As the bit

{3 is carried by the mandrel 2 which is shiftable
longitudinally in the body {0, the bit 13 may not

‘advance downwardly as rapidly as the body.
Under such conditions, the bit 13 may cut away
the core C to some extent due to its rotary motion
with the body 10, however, as it is not positively
fed or forced dewnwardly into the formation by
 the weight or a portion of the weight of the drill-
ing string imposed on the body 10, it does not ma-
terially retard the advancing of the cutting means

{1 into the formation. The cutting blades 23

of the means 11 cut the core C so that it is received

~ in the body part (4 with suitable clearance.

60

70

When the drilling has progressed to the point

where the lower end of the body member 16 comes

- into contact with the upper end of the mandrel
part 28, the bit 13 takes or assumes part of the

downward feeding or drilling pressures, and

thereby slows up the cutting action. The opera-
~ body part 55, to the sub 8. A connecting mem-

‘a core C of substantial length has been cut and

tor or driller is thus informed or made aware that

that it is desirable to break up the core to permit

the cutting means {1 to continue its penetration

of the formation without having the bit 13 acting

on the core C to impede or slow up the operation
To break up the core C, the drill is
‘raised a distance somewhat greater than stroke

of the drill.

or longitudinal movement of the bit 13 relative
to the body (0 and is then drepped to allow the

bit 13 to strike or impact against the upper end

of the core. This operation is continued until

the bit 13 has effectively and substantially com--

pletely broken up the upstandmg core C. It will
be apparent how the bit 13 is operatable to ef-

fectively destroy or break up the core C by a per-
action when the drill is dropped or al-

cussive |
lowed to suddenly move downwardly. The man-
drel 12 and stem 289, together with any other

parts, such as the weight 32, that may be pro-

vided on the stem 29 matenally add to the weight

of the bit 13 and thus increase the effectiveness
of its percussive or impacting action on the core.

. 3
In praetice the bit 13 may break up the core so
that the fragments or pieces of the core fall into

the annular cut B made by the means 1.

After the core has been broken up in the man- B
ner just described, the drill may be lowered and §

put under the usual or desired drilling pressures,

and rotated in the usual manner so that the cut-
ting means (1 is again brought into operation to
make the annular cut in the earth formation. It

is to be noted that the cutting means i1 and the 10
core breaking bit 13 act independently of one an-
other, and are separately or independently oper-
ated. The cutting means {1 i permitted to oper-
ate to form the annular cut B in the formation
practically unimpeded by the core breakmg bit 15

- {3 so that the drill is very efficlent and rapid in its
'penetration of the formation The core formed
or cut by the cutting means | I may be easily and

quickly broken up by the bit {3 when the core C

“becomes long enough to force the upper end of 20 R
' the mandrel against the body part 16. The en- -

gagement of the mandrel [2 against the body
member 16 puts a positive downward pressure or

feed on the bit I3 so that it acts on the core to

retard the cutting action of the drill, informing 25h |

~ the driller that the core should be broken up.

The core may be broken up by means of the bit

13 without subjecting the cutting blades 25 to

any severe dulling action.

- The form of the invention illustrated in Figs. 30
7 to 10, inclusive, of the drawings, includes gen-
erally, a body 50, cutting means 51 on the body

‘operatable during rotation of the drill to make an
“annular cut in the earth formation, reaming
~means 52 on the body 50, a mandrel 53 movable 38
longitudinally in the body 50, and a bit 54 on the

“mandrel 53 for cutting away the central portion
of the bore when the drill is operating in soft

formation, and operatable to break up the core.
when the drill is operatmg in hard or relatlvely 40

hard formations.

The body 50 may be s1m1lar to the body ltl
above described, that is, it may include a main or
lower body part 55, a member 56 on the upper
end of the part 85, and a tubular upper section 45 -
51 connected with the member 36 by a suitable
sub 58. The part 83 is of substantial length and -

is comparatively large in diameter to carry the

cutting means 81 and to house or contain the lon-
oitudinally movable mandrel 53. The member 56 50

" of the body is provided with a central longitudinal

opening 59, extending from the interior of the

ber or sub 60 may be provided on the upper end

of the body se_ctlon 51 to facilitate connection of 55
the drill with the drill collar of a drilling string.

The cutting means 51 is provided on the lower
end of the body 50 to make a comparatively nar-

row annular cut in the earth formation. The

cutting means 51 includes a shoe 61 threaded on 60
the lower end of the body 55 and cutting parts
or blades 62 projecting downwardly from the shoe.

There is a plurality of circumferentially spaced
~ blades 62 on the shoe 61 which project from the

interior and exterior of the shoe to make a cut 65
sufficiently wide to receive the body part 39 with
suitable clearance. The cutting blades 62 are

operable upon rotation of the drill to make the

annular cut and form g central core when operat-

ing in hard or relatively hard formations. ' 70
The reaming means 52 is provided on the body

50 to ream the well bore and to stabilize the drill.

The reaming means 52 may include three circum-

ferentially spaced reaming cutters 63 positioned

in recesses 64 in the body member 96. Pins or 75



oo . -
Lot
Ll
- -t ' .
L]

spindles 65 extend vertically through the recesses
.64. to carry the reaming cutters 63 for rétation
The spindies 65 have their
lower ends seated in sockets 66, while their up-.

about vertical axes.

per end portions pass through openings 87 join-

ing the upper-ends of the recesses 64. Lock or

removable retaining members 68 in the form of

~ pins, screws or keys are arranged in openings in-
-~ tersecting the openings 67 and cooperate with
10

notches 69 in the spindles 65 to retain the spin-

dles in position. - The reaming cutters 63 pro-
Ject from the outer sides of the recesses 4 so
that their cutting parts may engage or act on-

 the wall of the well bore.

15

20

30

35

- The mandrel 53 is arranged within the body -

part 55 and in accordance with the invention is

movable longitudinally relative to the body. The

mandrel 53 is proportioned to be freely movable
in the body part 5% and its exterior is provided
with g plurality of longitudinal grooves or fluid
passages 10. A guide stem Tl projects upwardly

through the opening 59 in the member 56. The

stem Tl is of substantial length to project up-
wardly into the section 37 and a socket T4 may be
provided in the upper end of the stem to permit

the attachment of a weight 15 to the stem. A

pin on the lower end of the weight -5 may be

threaded into the socket T4. The stem Tl car-

rying the weight member 13 iIs comparatively
heavy to materially add to the weight of the man-
drel assembly. The stem Tl is provided with
splines 12 to slidably operate in keyways 73 in the

wall of the opening 58. Certain of the keyways
13 are enlarged or deepened to form fiuid passages

80 connecting the interior of the body part 55

with the interiors of the sub 58 and upper body

section 517.

The bit 54 is carried on the lower end of the
mandrel 53 to penetrate or cut through the cen-

tral portion of the bore when the drill is operat-

ing in a soft earth formation and is operatable by .

a percussive action to break up the core formed by

the cutting means 51 when the drill is operating

in hard or relatively hard ecarth formations. The
bit 54 illustrated in the drawings is substantially

identical with the bit 13 described above, it being

a5

70

r{

understocd that the core breaking bit may be

modified as desired or found practical. The bit

54 has a pin 76 on its upper end threaded into.
The bt 54 is pru-

a socket T1 in the mandrel.
porticned to project downwardly beyond the cut-

ting blades 62, and its lower end is provided with
four circumferentially spaced outer blades 18 and
two central lower blades 19 to eperate in advance

of the blades 78.

Means is provided for circulating the rotary

mud or circulaticn fluid downwardly through thz

drill to discharge from its lower end and to dis-

charge from the bit 54 around the cutting blades

62. A centrallongitudinal fluid passage 8! is pro- -

vided in the lower portion of the stem T1 and

communicates with a passage 82 extending down-

wardly through the mandrel and into the bit head
54. Ports 83 extend from the fluid passage 8
to the outer sides of the splines 12 to communicate
with the passages 88 and carry the fluid to the
passage 81. Ports 88 are provided in the bit 54
to discharge the fluid downwardly between the

hlades 18. The ports 88 may be provided Wlth,,

suitable jets or beans.

The operation of the form of the mvenﬁen illus-

trated in Figs. 7 to 10, inclusive, of the drawings,
is substantially identical with the operation of the
previously described form of the invention.

‘When the drill is operated in soft or relatively soft

~ the center of the bore.
- 54 may operate slightly in advance of the cutting. 5
blades 62 during rotation of the tool, while in
other instances, it may remain in approximately

- lar cut.
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-earth formations, the bit 54 which is rotated with
~the body 30 through the spline and keyway con-

nection 12 and 13 may penetrate the formation at
In some instances the bit

the same plane as the cutting blades 62 as the

‘rotary drilling progresses, it being apparent that

the action and position of the bit 54 depends upon 19
the character of the earth formation encountered.

- If the drill is operating in hard or relatively hard

formations, the cutting parts 62 make an annular

cut m the formation and penetrate the formation
‘more rapidly than the bit 84, as the bit 84 is not 15

positively fed into the formation by the feed or
drilling pressure put on the drill. Upon the core

cut by the means 51 reaching a substantial length,

the upper end of the mandrel 53 is engaged by the
lower end of the body part 86 so that part of the 20
downward feeding or drilling pressure is imposed
on the bit 54. This distribution of the drilling or
feeding pressure to the bit 54 as well as the cut-
ting parts 62 materially reduces the speed of op-
eration or speed of penetration of the drill so that 23

‘the driller is made aware that the core should be
broken up. To break up the core the drill is suc-
~ cessively raised and allowed to fall or drop so that

the bit 54 strikes the upper end of the core. As

- the bit %4 is weighted by the mandrel §3, stem 51 30

and weight 75, it is particularly effective and rapid
in breaking up the core when the drill is raised
and allowed to drop. After the core. has been
broken up in this manner, the drill may be again

- roftated and put under a drilling pressure in the 35
- usual manner to cause the cutting: parts or blades

62 to penetrate the formation and make an annu-
The reaming cutters 63 operate to ream

or enlarge the bore and act to steady or stabilize
the drill.

Having described only typleal forms and appli-

40

cations of my invention, I do not wish to be limit-

ed or restricted to the specific forms or applica-
tions herein set forth, but wish to reserve to my-
self any modifications or variations that may ap- 45
pear to those sgkilled in the art or fall within the
scope of the following claims:

Having described my invention, I claim:

1. A well drill for use on a drilling string in-
cludmg, a body rigidly attached to the drilling CJ
string to rotate therewith, an annular series of

~ cutting parts on the body operatable during rota-
- ton of the body to make an annular cut in the

formation and leave a core, g longitudinally mov-
able bit for acting on the formation only within &3

- the bounds of said annular cut and retractable

into the body during the formation of the core,

and a connection between the bit and body where-

by the bit is made to rotate with the body and is

longitudinally movable therein. it
2. A rotary well drill for use on a drﬂlmg strmg

including, a tubular body rigidly connected to the
drilling string to rotate therewith, cutting parts

on the lower end of the body for making an annu-

lar cut in the formation during rotation of the 09
body to form a core, a bit formed and propor-
tioned to be entirely retractable mte the body

during the formation of the core, a sliding key

connection between the bit and body whereby the
bit is rotatable with the body to cut away soft 70

cores and is operable to break up a hard core by
- a percusgive action when the body is raised and

dicpped, and a guide stem on the bit slidably
guided in the body above the key connection.
3. A rotary well drill for use on a rotary drilling 75
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and a cutting element connected With the body
. for rotation . -therewith and for longitudinal move-

tring including, a tubular bcdy connected to the
drilling string to rotate therewith,- cutting parts

on the body for making an annular cut in the for-
mation during rotation of the body, a cutter keyed

to the body to be rotatable with and longitudinally
movable in the body, a weight element connected
with the cutter and slidably guided in the body,

the cutter being operatable to break up the core

by a percussive action upon dropping of the body,
and means for conducting fluid through the
weight element and cutter.

4, A rotary well drill mcluding, a tubular body

| adapted to be connected to a drilling string to ro-

tate therewith, cutting parts on the body for mak-

ing an annular cut in the formation during ro-.
tation of the body, a mandrel keyed to the body

~ to be rotatable with and longitudinally movable

20

25

30

in the body, packing means for sealing about the

mandrel, and a bit on the mandrel retractable to

a position entirely within the body and operatable

by rotation of the body to cut soft earth forma-
tions and operatable by gravity to break a hard' -

core.

5. A rotary well drill 1nclud1ng, a tubular body
adapated to be connected to a drilling string to

rotate therewith cutting parts on the body for
making ah annular cut in the formation during
rotation of the body, a mandrel rotatable with and

longitudinally movable in the body, a guide stem |

on the mandrel havmg g sliding key connection

. with the body, and a bit on the mandrel re-

39

40

tractable into the body.and operatable by rotation
of the body to cut soft earth.formations and oper-
atable by gravity to break a hard core. -

6. The combination with rotary well drilling
string, of a tubular body rigidly connected to the

drilling string to rotate therewith, cutting parts

on the body for making an annular cut in the
formation during rotation of the body, a mandrel

splined in the body to be rotatable with and lon-

gitudinally movable in the body, a weight on the
mandrel within the body, and a bit on the mandrel

'to move therewith to be operatable by rotation of

- the bcdy to ciit soft earth formations and cper-

5’

| atable by gravity to break a hard core.

7. A rotary well drill for use on a drilling strmg
1nc1uding, a tubular body ng1dly connected to the

 drilling string to rotate therewith, cutting parts

on the body for making.an annular cut in the

‘formation during rotation of the body to form a
core for reception in the body, a bit movable lon-
gitudinally with respect to the body to move
~entirely into the body during the formation of

the. core, a cennectien between the body and bit
for transmitting.rotary motion from the body

to the bit whereby the bit is operatable by rotation -

to cut soft formations, the bit being operatable

" by a. percussive action to break up a core upon

60 -

65

dropping of the body, and means conducting cir-
culation fluid to the bit to discharge i'rcm the

lower end thereof.
‘8. A rotary well drill including, a tubular body-

adapted to be connected to a drilling string to

rotate therewith, cutting parts on the body for

making an annular c¢ut in the formaticn during =
rotation of the body, reaming means on the body Lo

5

ment relative thereto and operatable to penetrate
the formation in the center of the bore by a rotary

cutting action when the formation is soft and §

adapted to break up the formation within said cut.
by a percussive action when the formation is hard.
9. A rotary well drill including, a tubular body

adapted to be connected to & drilling string to ro-

tate therewith, cutting parts on the body for 1'01'
making an annular cut in the formation during .
rotation of the body, guides on the body spaced

‘above the cutting parts for engaging the wall of -

the bore, and a cutting element connected with
the body for rotation therewith and for longitu- 18§
dinal movement relative thereto and operatable .

to penetrate the formation in the center of the

bore by a rotary cutting action when the forma-
tion is soft and adapted to break up the forma- -
tion within said cut by a percusswe action when 280
the formation is hard. T
10. A well drill for use on a rotary well drill—
ing string including a tubular body comprising

an upper sect1en a lower section of enlarged diam-

“eter, and a member connecting the sections, cut- 88
ting means on the lower end of the lower section .
for making an annular cut in the formation, &
mandrel shiftable longitudinally in the lower sec-
tion, a bit on the mandrel, a connection between

‘the 1nandrel and body for transmitting rotary mo- 30 -

" tion from the body to the mandrel whereby the ..
bit may cut away the formation within sald cut
by a rotary action when the formation is soft and
may retract into the lower section when a core is
produced, a guide stem on the mandrel extending f T
through the said member to be guided thereby and
to project into the upper section, the guide stem
and mandrel censtituting g weight on the bit
whereby the bit may destroy the core by a per-.- -
‘cussive action, and means for conducting fluid 40

through the tool to discharge from the bit.

11. A well drill for use on & rotary well drili-
ing string including a tubular body comprising
an upper section, a lower section of enlarged
diameter, and a member connecting the sections, 4§
cutting means on the lower end of the lower sec-
tion for making an annular cut in the forma-
tion, a mandrel shiftable longitudinally in the
lower section, a bit on the mandrel, a connection c
between the mandrel and body for transmitting 80
rotary motion from the body to the mandrel
whereby the bit may cut away the formation with-
in said cut by a rctary action when the forma-
tion is soft and may retract into the lower section

'when a core is produced, a guide stem on the 55

~mandrel extending through the said member to -
'be guided thereby and to project into the upper -
section, the guide stem and mandrel constituting
a weight on the bit whereby the bit may destroy .
the core by a percussive action, there_being & 60~

- passage in the guide stem and mandrel for car-
rying fluid from the. upper section to the bit to -

discharge therefrom, and means on the member o | |

for sealing about the guide stem
. o " :
J‘ESSE C WRIGHT g
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