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3,186,436
BOREHOLE DRIDLING SYSTEM |
Jackson M. Kellner, James E. Reed, and Alcxander B.
Hildebrandt, all of Tulsa, Okla,, assignors to Jersey Fro-
duction Research Company, a corporation of Delaware
| Filed May 1, 1961, Ser. Neo. 186,557
15 Claims., (Ci, 175—57)

The present invention relates to the drilling of wells
and similar boreholes and more particularly relates to an
improved system for the application of force to a bit
during the drilling of such boreholes. 1In siill greater
particularity, the invention relates to a method and appa-
ratus for continually urging a drill bit against the bottom
of a borehole by the application of upward force against
the borehole wall. | |

Systems currently in use for the drilling of wells and
similar boreholes require that a string of drill pipe and a
rotary or percussive drill bit be suspended in the borehole
by means of a suitable drilling rig. The pipe and bit are
generally rotated in the hole by a rotary table on the rig
floor while drilling fiuid is circulated through the pipe and
surrounding annulus by pumps or compressors in order
to cool the bit, prevent the entry of fluids into the hole,
and carry cutfings to the surface. In such systems, the
force applied fo the formation at the bottom of the hole
by the bit is controlled by means of heavy drill collars
connected between the drill pipe and the drill bit. Thesa
drill collars are generally several hundred feet in length
and may weigh fifty thousand pounds or more. The col-
lars concentrate the weight used for the application of
force to the bit near the lower end of the drill string and
thus permit the relatively thin-walled drill pipe above
them io be held in tension. This cuts down flexing and
buckling of the pipe as the drill string is rotated, reducing
the likelihood of drill string failure and minimizing the
tendency of the bit to deviate from the desired direction.

Although drill collars are widely emploved in the man-
ner described above, their use is accompanied by certain
disadvantages. A much larger drilling rig is required
where a heavy column of drill collars is used than would
be necessary if the collars did not have to be raised during
trips into and out of the hole. The time and energy
required to handle the collars are significant factors in
determining total drilling costs. Sticking of the drill
string in the borehole is often attributable to the presence
of the collars. The length of the collars frequently pre-
vents their use in drilling through hard formations lying
very close to the earth’s surface. These and other dis-
advantages will be be familiar to those skilled in the art.

Accordingly, it is an object of this invention to provide
an improved method for the continuous application of
force to the bit during the drilling of wells and similar
boreholes which will obviate the necessity for utilizin
conventional drill collars. |

It 1s another object of this invention to provide a method
and apparatus for continuously urging a bit downwardly
against the formation at the bottom of a borehole by the
application of force against the borehole wall.

‘These and objects which will be obvious from the ac-
companying disclosure are attained in accordance with
the invention by continually applying upward force to the
borehole wall at successively lower points from a limited
section of the drill string located near the bit. By thus
urging the drill string downwardly at a rate equal to or in
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excess of that at which the bit advances, the force required

for satisfactory drilling rates can be applied to the bit
continuously without the necessity for employing conven-
ttonal drill collars. The resulting reduction in the weight
of the downhole equipment permits the use of a smaller
driliing rig and power source and reduces the cost of
handling the string during trips into and out of the bore-
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nected by suitable threads or other means.
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hole. Difficulties due to sticking of the sfring in the hole
are mitigated. Problems in drilling through hard, very
shallow formations are largely avoided. The net results
is thus an over-all increase in drilling efficiency.

Several different forms of apparatus may be utilized
in practicing the method of the invention. A preferred

form includes a tubular shaft insertable in the lower part

of the drill string through which fluid may be circulated
to the bit and an outer sleeve surrounding the shaft in a
sealing, rotatable relationship. A thrust bearing or simi-
lar means is provided to prevent or restrict longitudinal
movement between the sleeve and shaft. Thrust mem-
bers are mounted in the wall of the sleeve and are de-
signed to engage the wall of the borehole and exert an
upward force against it. The reaction is a downward
force against the sleeve of the apparatus. This down-
ward force is transmitted through the thrust bearing to
to the shaft, thus forcing the bit connected to the shaft
downwardly against the bottom of the borehole. As will
be seen from the ensuing description, thrust members of
various types may be utilized to apply a downward force
on the bit by applying upward force against the borehole
wall. |

The method of the invention and the apparatus utilized
in conjunction therewith can best be understood by re-
ferring to the following description and the accompany-

ing drawing, in which:

FIGURE 1 is a vertical elevation, partially in section,
illustrating a preferred embodiment of apparatus useful
in practicing the invention;

FIGURE 2 15 a cross-section taken along the line 2—2
of FIGURE 1; -

FIGURE 3 1s a schematic drawing showing a portion
of the sealing lattice in the apparatus of FIGURE 1;

FIGURE 4 shows an alternate thrust member arrange-
ment for the apparatus of FIGURE 1: and

FIGURE 5 1llustrates another embodiment of appa-
ratus which may be employed in the practice of the in-
vention.

FIGURE 1 of the drawing illustrates the best mode
presently contemplated for carrying out the invention.
Depicted therein, suspended in borehole 19, is a string of
drill pipe 12 to which a tubular shaft or arbor 14 is con-
The arbor
includes lateral ports and connecting conduits which will
be discussed hereinafter. Attached to the lower end of
arbor 14 is an adapter 16 which in turn is connected a bit
18. The arbor and adapter serve to convey drilling fluid

from the drill pipe to the bit. The bit can be a conven-

tional drag bit as shown or other rotary drilling tool, or
it may instead be a percussion bit assembly including
means for reciprocating the cutting elements in response
to flurd flow or rotation of the drill string. The bit in-
cludes nozzles 20, only one of which appears in the draw-
ing.” Due to the pressure drop across the nozzles, the
pressure within the arbor is considerably greater than the
pressure in the annulus surrounding the tool.

Mounted about arbor 14 is a tubular sleeve or housing
42. Housing 22 as shown is rotatably supported about
arbor 14 by upper thrust and radical bearings 24 and
lower thrust and radial bearings 26. The bearings, de-
picted in simplified form, reduce friction between the
arbor and housing and at the time prevent axial movement
of the arbor with respect to the housing. Any downward
force exerted on housing 22 is therefore transferred
through bearings 24 and 26 to arbor section 14, :

Housing 22 contains a plurality of ports 28 extendin
through the housing wall., These poris are spaced at in-
tervals about the housing and are grouped in two or more
vertically spaced rows. As shown in FIGURES 1 and 2,
there are two ports in the upper row spaced apart 180°.
The ports in the second row are likewise 180° apart but



- piston and surrounding wall -
~ collars are made of rubber or similar material imperme-
- able to fluids to permrt extension of the- pistons within

c upwardly-faemg surface 3§ upon which is retained a |

ably mounted thrust director or wedge 34. The. dewnward- o
ly facing inner surfaces of the wedges and the upwardly- N
facing outer surfaces of the pistons, as illustrated, are in-
ter-connected in a slidable relationship.. Each upwardly- ¢

- id housing 22.

o :

are rotated 90“ mth respeet to the perts in the upper

_',-f'fa'-reo;see-. L

‘row. In the partlcular embodiment shown the ports in

- the top row, the third row and the fifth row are vertically
- aligned, and the ports in the second, fourth and sixth rows -
- are llkemse aligned vertically.. A greater number of

rows‘can be used and will usually be preferred. Each

_chamber ad]acent one .thlust umt in each of the lower e
- rows communicates wrth the annulus so that the corre-

-sponding pistons are retracted; while that adjacent the -

- port contains a ram or piston 38 which is movable radrally S
therein. Each prsten 36 is resiliently sealed in ifs respec-
‘tive port by an elastic collar 32 which is bonded to the .

of the port. .

~ the ports in- response to a dlﬁerence in pressure across the
- Wall of the housing. -

- Each of the pistons meunted in the Ehousmg has an eurer,

The elastic -

10

other thrust unit in each row commumcates with the in-

~-terior of arbor 14 so that the corresponding pistons are
: .-extended loutwardly

In order to simplify the drawing,

- all of the pressure perts and pressure relief passageways
“in the arbor section associated with the various thrust
members are not shown. o
drawing, however, that the pressure- chamber associated
- with each thrust unit communicates with the interior of

-the arbor 14 for one-half of each revolution of the arbor

It Wl]l be obvmus from the

" “section and for the other half of each revolution com-
. municates with the -annulus.58. - The conduit and port

15
slid-

facing surface 36 contains a groove 49 within which

sphne 42 on downwardly facing surface 38 of wedge 34

-is slidably fitted. To prevent wedge 34 from sliding off -

gretamlng groove 44,
-Each wedge 34 is prowded wnh an upwardly extendlng

surface 36 of the piston. For convenience, each port

- -and the correspendlng prston, wedge and cellar will be -

| Thus the drawing shows
~ twelve thrust units arranged in six rows, each row con-

- referred to as a thrust unit.

-taining two thrust units which are spaced 180° apart. The

- thrust units are identified on the drawmg by reference_

. numerals 60A through 607.

-~ A sealing lattice is p051t10ned between the extermr of -
~ arbor section 14 and the internal bore of housing 22. A
- lattice-type seal which can be made of rubber or similar "
~ resilient material is illustrated in FIGURE 3. “As shown,
- this seal comprises seven annular sections, 52A. through
- 52G, which are interconnected by elongated upright sec-

 tions 54. Ad]acent vertically-spaced upright sections are
‘Upright sections

between adjacent annular sections are spaced 180° apart. 50

~ rotated 90° with respect to each other.

~ surface 36 of piston 30 each piston is provided with a =

. retaining groove 44 into which retaining tongue 46. ex-
tends- downwardly from spline 42.. Retaining tonsue 46 - .
stops the downward movement of wedge 34 when the re- 'With the annulus 58.

~ taining tengue centact_s shoulder 48 at the ldwer end of

o5
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&

“tically -adjacent thrust members.

- through 4 of the drawmg

arrangement of arbor 14 as shown is'such that each thrust-

unit is eeposﬂely actuated from the henzentally and ver-

sponding pressure ehambers are. 111 ﬂmd eommumcatlen

It will be recegmzed that the arrangement of the thrust'_' h

T .umts the pressure ports, and the pressure relief ports of

30

- resetting arm 50. As can be seen from the drawing, re-.
etting arm. 59 of wedge 34 contacts the outer surface of

housing 22 as piston 3@ moves into its retracted position

and in effect forces wedge 34 downwardly on the outer

the tool may be modified from that shown in FIGURES 1

viding two -thrust units in. ‘each TOW as shewn three or

_mere such units may be lecated in each row. The units
- -in adjacent vertically spaced rows may be ¢

~another to attain smoother operation and better lateral

set: from one

_.-stabrhty Further, the pressure perts and pressure relief

10

"_'Upper annular section 52A fits in an annular: groove in

the inner houing wall above the uppermost row of perts
Lower annular section 52G fits in a sim-
-____.'11ar groove in. the inner housing wall below the bottom -
- row of ports in the housing. Intermediate sections 52D 55
- through 52F fit in annular greeves in the housing wall .

_ spaced vertically between the rows of ports. -

~ similarly providéd for the upright sections of the seal.

Grooves are

- The inner space between arbor section 14 and the inter-

" jor bore of housing 22 is thus divided by the sealing lattice
-~ shown in FIGURE 3 into twelve pressure. charsbers, there "
| *hemsIr one such chan o |

ber for each thrust unit.

60

Passageways in the wall of arber section 14 altermrely_'_

- connect the pressure chamber associated with each piston

| with the interior 56 of the arbor section -and the annulus g5

58 between the eatermr of the tool and the borehole wall.

As shown in the dramng, the pressure chamber assotiated

in FIGURE 2 of the drawmg "As a result the ‘piston
.-‘of thrust umt G@B is. extended eutwardly The pressure

. with thrust unit 68A communicates: throuﬂh ‘pressure re-__-;,“-“
- lief passageway 62 with the annulus 58. * The piston of
- “thrust unit 60A in the upper TOW I8 therefore retracted 1=

~ below: thatin - the drill"string. o
_l_'-:-equallzed across the resilient- seal of plston 30, the elastle .

~'seal pulls the piston inwardly into its retracted pesrtlon :
As the piston moves inwardly, the resettmg arm 50 of

’ports in the arbor may be staggered. ‘Thus it is seen that
© various suitable arrangements of the thrust units can be
: effected as desired to obtain optlmum performanee

In the operation of the apparatus shown in FIGURES |

| 1 2-and 3, drilling fluid under pressure is circulated down-
. wardly through drill string 12, through interior 56 of
arbor section 14, out nozzle 29 of the bit and back up
‘annulus 58. Drilling is then commenced hy rotating drill
- string 12 at the surface by a rotary table or similar equip-

- ment not shown, . -
 ‘shown in FIGURES 1 and 2, thrust units 68A, 66C, 60E, .
- and 690G and ¢0J are retracted because the eorrespendmg o
. pressure chambers are open to annulus 5§ at a lower
‘pressure than that Wlthm the drill string: The pressure

When arbor section 14 is in the position

in the annulus 58 1is- usually 600-to 1000 p. s.J. Of more

_'-_-Jwedn'e 34 contacts the outer surface of housmg 22 and:
- limits movement of the. Wedge

Thrs is ‘because the eerresp::mch]:rfr

~ -corresponding plston tends to force the wedge upwardly.
'_",_';f.Smce the outer surface of the Wedge is anchored against -

the Wa]l and cannet meve upwardly, a dewnward reaction:

When a pressure cham-

- ber ‘communicates with the annulus, the - resilient seal =
 about the’ eorrespendmg plsten 30 retracts the plston .o

‘When the - pressure ‘chamber communicates with the in-
terior 56 of arbor section 14, the fluid pressure is greater
~-than that in the annulus and the plston 30 1s driven out-
- wardly. Thus when one thrust unit is actuated, the Ver-
_‘tlcally ad]aeent and herlzontally opposite thi

rust units are
in-a retracted- or retracting pesrtmn because the corre-

For exarnple in lieun of pro-

When the pressure is

‘Further inward move- -
‘ment of the piston results in the wedge being moved down- |
wardly with a shdrng action between surfaces 36 and 38.
The thrlust wedge IS thus nmved downwardly wrth reSpect N
- to the piston. = . o
- Thrust units 6B, 60D, 69}7 and 6@H as shown are ex-
.tended outwardly,
pressure chambers are in. ﬂurd eemmunrcatmn with the
~interior 56 of arbor section 14, at a pressure considerably

~ . higher than that in the annulus 5 8. 'The pistons are forced
. outwardly, thus ferelng the assocrated wedges. outwardly -
‘against the formatron borehole. E
; ._wedsres WhICh contact the’ borehole wall may be serrated
| 70:’_.-?7to improve. their heldmg ability. =~ ¢
- wwardly. “The ‘pressure chamber associated with thrust - -
| ---”__urnt 60B communicates through pressure port or passage-

) 'way 64 with the interior of- arber section 14, as shown -

“The oute1 faees of the -

. CAfter a ‘wedge comes. into: centaet With the herehele.; 3
- wall as described aheve, further eutward movement ocithe -
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force is transferred to housing 22. Housing 22 moves
~downwardly in response to this force. As it moves, the
pistons move outwardly and downwardly with respect to
corresponding wedges. The downward thrust exerted
against housing 22 js transferred through thrust bearings
24 and 26 to arbor section i4. The arbor section thus
tends to move downwardly and hence force the bit
against the bottom of the borehole. Continued rotaticn
of arbor section 14 aligns pressure port 64 with the pres-
sure chamber associated with thrust unit 68A. Discharge
conduit 62 is similarly aligned with the pressure chamber
associated with thrust unit 68B. When this cccurs, thrust
unit 6BA is actuated to engage the borechole wall and thrust
unit 6808 is retracted. The other thrust members are
alternately actuated and retracied in similar manner as
the corresponding pressure chambers alfernately com-
municate with annulus 58 and the interior 56 of arbor 14.
The apparatus shown in FIGURES 1 and 2 thus permits
the application of upward force fo the borehole wall and
downward force to the bit.

FIGURE 4 of the drawing shows an alternate arrange-
ment of the thrust units on the apparatus described above.
Piston or ram member 7§ 1s set in radial port 72 of hous-
ing 22 and is held there by resilient sealing means 74
at an angle of approximately 45° above the horizontal
plane. When extended, piston 78 contacts the borehole
wall and tends to force housing 22 downwardly. This
downward force is transmitfted through thrust means 24
and 26 to arbor 14, thus forcing bit 18 downwardly against
the bottom of the borehole. Alfernate pistons 70 are
retracted and reset in much the same manner as in the
embodiment described above in connection with FIG-
URES 1 and 2. The angle « which the center line or
longitudinal axis of piston 78 makes with the horizontal
is usually in the range of from about 30° to about 60°.
An angle of about 45° is preferred, since such an angle
permits a relatively long piston siroke without requiring
excessive space in the housing to accommodate the piston
and related members.

The amount of downward force applied against the
drill bit in the apparatus described above in conjunction
with FIGURES 1 and 2 of the drawing depends on several
factors. Assuming a pressure drop through the bit of
600 ps.i., 60 116 inch diameter pistons of which 30 are
active at one time and a thrust unit wedge angle of 45°,
30,000 pounds downward thrust can be generated. By
doubling the pressure drop through the bit {o 1200 ps.a,,
compatible with present practice, a downward thrust of
about 60,000 pounds can be obtained. The amount of
thrust can be increased or decreased as desired, of course,
by varying the pressure drop across the bit, by varying
the size of the thrust units, or by increasing or decreas-
ing the number of such thrust units.

It will be obvicus from the foregoing that the down-

ward force cbtained from the tool of the invention
depends in part upon the length of the tool and the num-
ber of thrust units provided. In most cases the tool will
be designed to provide the maximum amount of force

likely to be needed. Where greater force than can be
60

obtained by means of a tool of given size 1s required,
two or more tools may be used in tandem.

In utilizing the tool of the invention, the drill pipe
above the tool will normally be held in tension in order
to prevent buckling and undue wear of the fool joints.
In cases where it is desired to apply less force to the bif
than is normally furnished by the tool, the tension in the
drill string can be increased by applving upward force
to the drill string at the surface with the rig equipment
to lessen the effective force of the bit,
where it is frequently desirable to do this is in reaming
operations. The ability to control the force appiied to
to the bit in this manner is a particular advantage of the
" tool of the invention. Reduction of force on the bit is ac-

-complished without a reduction of the flow rate of the
drilling fluid. A reduction in the quantity of fluid cir-

One instance
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culated reduces the fluid available for cooling and lubricat-
ing the bif and lifting cuttings from the borehole and is
therefore to be avoided. The use of an arbor which ex-
tends through the tool and rigidly connects the drill string
and bit as disclosed herein readily permits confrol of the
force on the bit.

FIGURE 5 of the drawmg illustrates still another em-
bodiment of the invention. Shown in FIGURE 35, sus-
pended in borehole 8@, is a string of drill pipe 82. At-
tached to the lower end of the drill pipe is arbor section
84 containing axial passageway 86 for the circulation of
fluid through the tool. The arbor section 1s connected
at its lower end to drill bit 88. Mounted about arbor
section 84 is tubular housing 80, The housing is free to
rotate and move axially to the arbor. Upper and lower
sealing rings 92 and 94 respectively are set in grooves
in the inner wall of the housing above and below annular
chamber 96 between the outer wall of the arbor section
and the inner wall of housing 99. Positioned within
chamber 96 is an annular piston 98 which 1s affixed to or
constructed as an integral part of arbor section 84. Ring
160 in the outer face of the piston 98 provides a seal
against the inner wall of housing 80. Chamber 86 is thus
divided into an upper or power section 182 and a lower
or discharge section 184, Upper section 102 communi-
cates with passageway 86 in the arbor section through port
186. Lower section 1804 communicates with annuius 108
outside the tool through port 118. A projection 115, hav-
ing shoulder 113, is provided on the inner wall of housing
99 to limit the downward movement of housing 98 with
respect to arbor section 84.

A plurality of ports 111 extend through the wall of
housing 20 into power section 102 above piston 98. The
ports are spaced at regular intervals about the housing
and may be arranged in one or more vertically-spaced
rows. An extensible shoe 112 is mounted in ¢ach port
by means of an elastic collar 114 of rubber or similar
fluid-impervious material bonded to the shoe and the sur-
rounding wall of the port. The outer surface of each
shoe is provided with one or more curved runners or skafe
elements 136 which extend across the shoe at an angle
to the transverse axis of the tool. The runners are prei-
erably made of tungsten carbide or similar abrasion-re-
sistant material. They may be welded or otherwise af-
fixed to the shoe surface or may instead be constructed
as an integral part of the shoe. When the shoes are ex-
tended, the runners contact the borehole wall. Rotation
of the tool causes the runners to move down the wall
along spiral paths. It is preferred that the runners on the
various shoes be set to track the same grooves cut in the
borehole wall. The pitch at which the runners are set
will depend largely upon the speed at which the tool is
ta be rotated and the rate at which the bit can be ex-
pected to advance. In general, it is preferred that the
runners be set at an angle of from about 1° to about 5°
to the horizontal. A series of replaceable runners hav-
ing various pitch angles may be provided.

A clutch arrangement in the apparatus provides for the
transfer of rotary motion from the arbor section to the
housmg The upper end of arbor section 84 above hous-
ing 99 is enlarged to form shoulder 1X8. Mounted on
’Ehe lower surface of the shoulder is an annular friction
plate 128 which may be made of tungsten carbide or sim-
ilar abrasion-resistant material. The upper end of housing
98 is provided with an annular friction plate 122 of
tungsten carbide or the like which mates with friction
plate 129 to form a friction clutch.

In operating the tool shown in FIGURE 5, a drﬂl string

containing the tool is lowered to the bottom of the well
__bere

A gaseous or liquid drilling fluid under pressure

is then circulated downwardly through arbor 84 to bit 88

75

and 1s retumed to the surface through the annmulus 193.

- The pressure in the annulus is considerably less than that

within the tool because of the pressure drop across the
bit. Since upper chamber sectzon 162 is connected with
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' ._pessageway 86 threuﬂh port 1@6 the pressme in the"--'
- chamber above piston 98 is also greater than that in the

~annulus, .
'_ _'98 downwardly and housing 29-upwardly.:

" hole wall.

The fluid in section 182 tends to force piston
| It also moves
- shoes 112 outwardly so that runners-116 contact the bore-
Before the runners 116 are securely anchored

- St

“to the wall of the borehole, housing 98 moves upwardly
- until plate 122 comes into contact with plate 120 on the

~arbor.-
to which it is connected. After the runners have been
securely anchored to the borehole wall, the reaction thrust
from the. downward force on prsten 98 -is transferred to

“the borehole wall through the: runners and hence no axial
force normally need be applied to the drill string at the
Drilling is commenced by rofating the drili 15
Friction =~
| ‘-:"-a housing - |
seelmg and rotatable relationship therewith, the in-

- .surface.
- string, arbor 84 and bit 88 fro

1. the surface.’

- between clutch pIates 120 and 122 results In the transfer -

The arber is held in position by the drill string o
BUI

_ram member, said surface ef sard ram member and
~ said surface of said thrust wedge being slidable with-
| resPeet to each other and said throst wedge having -
‘an upper and a lower 111]111: ef travel with respect to
- said ram member; S | . |
and conduit valve. means mthrn sard arbor seetron to. |

. alternately connect the inner side of said resiliently

. .sealed ram member with - the interior of said arbor

arbor. seetron is' rotated.
4 Apparatus for use in drllhng boreheles in rhe earth

| - wrth a string . ef dr111 plpe and a blt which eomprrses in
cembrnetlen | .
- -an arbor section mserteble in serd drrll strmg near ssrd |

or torque from the arbor to heusrng 99. The housing . |

therefore rotates. Rotation of housing 90 causes runners
-116 to advance down the borehole wall in a’ mianner sim-

- ilar to that in which a tap advances as a hole is threaded.
 The rate at which the housing moves depends - upon the
" rate at which the bit advances and the friction between -

 the clutch plates. If the bit encounters relatively soft

- strata and therefore tends to advance rapidly, the bit and
~ arbor will-move downwardly relative to the housing.
"~ This increases the friction between the plates causing the
 housing to rotate and move downwardly more raprdly )

- If the bit encounters hard strata and the drilling rate-de-
| 80
- There will be-a cerrespendmg decrease.in the rate at =
_-which the housing rotates and moves downwardly. The

. creases, the friction between the plates will decrease.

= anchoring section of-the tool is thus continually. advenced -

- -the bit continuously.
~© 'What is claimed-is:

1. Apparatus for use in drrllmg a berehole Whreh corn-: |

o "prrses in combination: |
~ a hollow rrerd arbor sectmn 1nsertab1e 111 a strmg ef
~drill pipe; S | |

:' | a heusmg member surreundrng sard arber sectren in
~ asealable, rotatable, nen—len 1t11d1nally mevable

relationship therewith;

and a plurality of thrust mernbers mc}unted in the Wall |
.of said. heusrng member, said thrust members inciud-
ing means for engaging the wall of said berehole and <

~_exerting an upward. thrust against said wall.

2. Apparatus for use in the drilling of boreheles m'-_ |
i_the edrth which comprises in combmafren B

an arbor section 1nsertab1e in a-drill strung near-a brt.-'- .
for establrshlnn' fluid eemmunreatren *between ssrd |

~drill string and bit;

a hrnrsrrr':'r surreundrng sard arbor sectren ina seahng,_. '_

'thrust means in-said heusmg eperable to ensage tﬂg-_,_ -

“rotatable relationship;

2_50_. |

Wall of said berehele a,nd exert a dewnwerd thrust'f"? :

son said housing;

_arld thrust transfer rrreans te transfer tbe dewnwerd? _
- thrust. thus exerted on. the heusrnﬂ* to sald arber.

sectron

o 3 ApparatUS " fer use e drrllmcr o borehole nsmg a__' ._._
;«'TOtﬁI‘Y bit which comprises.in eombrnatlen -- |

an arbor sectren cenneetable to the bit: -

~a housing member surrounding sard arber seetlen 111 a:—?ﬁ..",_GS

- sealing, rotating relationship; - -

thrust bearings mtereenneetmcr sald hous ng menber

[ o and: sard arber seetren

-a plural ty ef perts extendrng threugh sa,ld 1101.151ﬂg
a ram reember ha:vmg an eutwardly and upwardly 'fﬂ.{:".'
mg surfe-ce said ram- member berng resrhently sealed_--;‘--_;‘;

member

-ineach of said ports; =

S e, thrust wedge havmg a delwnwardly faeme surfaee,i_}'ﬂ-'r-.1
COmplGIﬂEHtlng the upwardly faemg surfaee o[ s:ud:

_:-_60

i . . u" . . -

. bit to establish fluid co
T drill string and bit; - S
nember surreundmg serd arbor seellen in a

1munreatren between the

_ner diameter of said: housing ‘member being suffi-

aClEﬁﬂY larger than ‘the outer diameter of said arbor -

“section to define an annular chamber betweerr sald
~arbor section and heusrng member* e
an annular piston mounted in said: chamber sard prsten -
 being attached to said arbor section; .~ o

- port means in the lower. pertron of said heusrng for

S esfabhshrrrﬂ' fluid communication between said cham-
K ber belew sard prsten and the exterrer ef sald hous—_ .
. 1ng? - ) | | | .

pert means m the wall of sard arbor sectren sbeve serd_ -

' lplStDIl for estabhshrng ﬂurd communication between

. the interior of sald srber seetron and sard chamber

" above said piston; -

"._"shee members resrherrtly 'mounted m perts 111 the Wall' -
~as drilling progresses and hence a downward axial force, v ._ |
- supplied by pressure frem the drrlhng ﬂurd 1s applred to

" of said housing member; | | |
skate elements mounted on. ﬁhe exterler surfaee of eaeh-
~ of said shoes; | o e

©an annular fraction plate surreundmg sard erbor see--"“"

- tion on the upperend of said housing; : .
-and a second, eemplementary friction plate ‘on sald :

engaging said annular plate.”

| 5 ‘Apparatus as defined by claun”f-!- Wherem sard skete o "
elements have a prtch of not cver 5 degrees o L
6. A methed fer drrlhng a berehele 111 the carth Whreh .

~comprises:
retatrng a drrll brt at the end ef a drrll strrng in- sard

“borehole while circulating a drilling ﬂrud mte Lhe: ]

 hole through said drill string and bit; o
applymg upward ferc:e to -the- berehele wall from a .

“limited section of ‘the drill string above the bit in =~

e _Tesponse to drrllrrrg ﬂurd pressure wrthm sard drrJ
“string; - - SR

.' wa, 11 at. sueeessrvely lower points on the wall at a rate

- ~said bit. T | R .
7. A metho d as: deﬁ*red by clarm 6 Wherern upward |
ifOI‘Cfi‘: 18 s,pphed to said berehele wall at sueeessrvely lower

o pernts along paths pamllel to the axis of said:borehole.
. 8. A method -as - defined by claim 6 whereinapward -
- force is-applied to said borehole wall at suceesswely lewer o

pornts along spiral paths ‘on the borehole wall: | -
9. In a drilling method wherein a’ drilling ﬂuld is ¢cir~ -

-" culeted threugh a drﬂl string ‘suspended in a ‘borehole =
and a cutting tool:is connected at the lewer end of the B
R strlng, the. unprevement ‘which comprises: - S
retetmg sard euttmg teel at the lewer end ef sald drrll‘_ o

string;.

' 'a,pplymfr ﬁbwerd force te the borehele wall at spaeed--'-.'
pernts from a hrmted section of ‘the drrll strmg lo-

eated a ﬂsed drstarrce abeve serd cutting ‘tool in re-

. sponse to ﬂmd pressure exerted by sald drrllmg ﬂurdls

wrthlil sard drill string; -~ T o

- section ‘and with the exterror of serd heusmg as the o

“arbor seetren above said- annular frletren plate fer -

'end thereafter epplymg upward foree te the borehele . "

uf‘rcrent te marrrtam a eentmueus e}ﬂal foree on -

and thereafter rrramtemmg a centmueus axral ferce on‘_
sard cuttmﬂ teel by applymg ferce to seld berehele
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wall at successively lower points on said wall as sald
borenole is advanced.

10. A method as defined by claim 9 wherein said up-
ward force is applied to said borehole wall at successively
lower points on the wall along paths on the wall parallel
to the axis of said borehole.

11. A method as defined by claim 9 wherein said up-
ward force is applied to said borehole wall as successive-
ly lower points along spiral paths on said wall.

12. Apparatus attachable to the lower end of a siring
of drill pipe for forcing a bit against the botfom of a bore-
hole comprising in combination:

an arbor including means near the ends thereof for at-

taching said bit to said string of drill pipe;

a housing surrcunding said arbor in a rotatable sealing

relationship therewith; |

a plurality of ports in the wall of said housing;

thrust units resiliently sealed in said ports, said thrust

units including means for engaging the wall of said
borehole and exerting upward force against the
borehole wall;

and thrust transfer means between said housing and

arbor for transmitting downward force from said
housing to said arbor.

13. Drilling apparatus which comprises:

an arbor section including means located near the ends

thereof for rigidly connecting a bit to a drill siring

and means for conveying fluid from the drill string to

the bit; -

a housing member surrounding said arbor section in a
sealing, rotatable relationship therewith, the inner
diameter of said housing member being sufficiently
larger than the ounter diameter of said arbor section
to deiine an annular chamber between said arbor
section and housing member;

port means in said arbor section for providing fiuid
communicaiion between said chamber and the in-
terior of said arbor section;

a plurality of ports in the wall of said housing member;
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1D
and a thrust member sealingly and resiliently mounted
in each of said ports, said thrust member inciuding
means for engaging the wall of the borehole and
exerting an upward force against the borehole wall.
14. Apparatus for use in drilling a borebole with a

rotary bit which comprises in combination:

an arbor section connectable to said bif;

2 housing member surrounding said arbor seciion m a
scaling rotating relationship;

thrust bearing interconnecting said housing member
and said arbor section;

a plurality of ports extending through said housing
member;

a ram member resiliently sealed in each of said ports,
the longitudinal axis of said ram member extending
at an angle above the horizontal plane in the range
of from about 30 degrees to about 60 degrees;

and conduit valve means within said arbor section to
alternately connect the inner side of said resiiently
sealed ram member with the interior of said arbor
section and with the exterior of said housing as the
arbor section 1s rotated.

15. Apparatus as defined by claim 14 in which the longi-

tudinal axis of said ram member extends at an angle with

os the horizontal plane of about 45 degrees.
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