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BOREHOLE DRHJLING SYSTEM 

Jackson M. Kellner, James E. Reed, and Alexander Hildebrandt, all of Tulsa, Girls», assignors to .‘iersey Pro 
duction Research ?ompany, a corporation of Delaware 

Filed May 1, ‘1961, Ser. No. 106,597 
15 Claims. (Cl. 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. In still 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 
?oor while drilling ?uid is circulated through the pipe and 
surrounding annulus by pumps or compressors in order 
to cool the bit, prevent the entry of ?uids into the hole, 
and carry cuttings to the surface. In such systems, the 
force applied to 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. These 
drill collars are generally several hundred feet in length 
and may weigh ?fty 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 to be held in tension. This cuts down ?exing 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 employed 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 signi?cant 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 utilizing 
conventional drill collars. 

It is 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 
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 
tional drill collars. The resulting reduction in the weight 
of the downhole equipment permits the use of a smaller 
drilling rig and power source and reduces the cost of 
handling the string during trips into and out of the bore 
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hole. Di?iculties due to sticking of the string 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 eiiiciency. 

Several diiferent 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 ?uid 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 
bars 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 is a cross-section taken along the line 2——2 

of FIGURE 1; 
FIGURE 3 is 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 illustrates 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 16, is a string of 
drill pipe 12 to which a tubular shaft or arbor 14 is con 
nected by suitable threads or other means. 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 ?uid ?ow or rotation of the drill string. The bit in 
cludes nozzles 26, 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 

22. 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 simpli?ed 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 extending 
through the housing wall. These ports 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 



,are rotated 90° with respect to the ports 
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row. In the particular embodiment shown the ports in 
the top row, the third row and the ?fth row are vertically 
aligned, and the ports in the second, fourth and sixth rows 
are likewise aligned vertically. A greater number’ of 
rows {can be used and will usually be preferred. , Eaoh 
port contains a ram or piston 30 which is movable radially 
therein. Each piston 30 is resiliently sealed in its respec 
tive port by an elastic collar 32 which is bonded to the V 

7 piston and surrounding wall ofthe port. The elastic 

in’ the upper ‘ 

collars are made of rubber or similar material imperrne~ ' 
able to ?uids to permit extension of the pistons within. 
the ports in response to a difference in pressure across the 
wall of the housing. 

" Each of the ‘pistons mounted in the housing has an outer, 
upwardly-facing surface 36 upon which is retained a slid 
ably mounted thrust director ‘or wedge 34. The‘ downward 
ly facing inner surfaces of the wedges and the upwardly 
facing outer surfaces of the pistons, as illustrated, are in 
ter-connected in a slidable relationship. Each upwardly 
:facing surface 36 contains a groove 40 within which 
spline 42 on downwardly facing surface 38 of wedge 34 
is slida‘bly ?tted. To prevent wedge 34 from sliding off 
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 tongue 46 
stops the downward movement of wedge 34 when the re 
taining tongue contacts shoulder 48 at thelower end of 
retaining groove 44. 
Each Wedge 34 is provided with an upwardly ‘extending 

resetting arm 50. As can be seen from the drawing, re-' 
setting arm 54) of wedge 34 contacts the outer surface of 

4 . 

chamber adjacent one thrust'unit in each of the lower 
rows communicates with the annulus so that the corre 
sponding pistons are retracted; while that adjacent the 
other thrust unit in each row communicates with the in 
terior ofrarbor 14 so that the corresponding pistons are 
extended outwardly. In order to simplify the drawing, 
all of the pressure ports and pressure relief passageways 
‘in the arbor section associated with the various thrust 
_members are not shown. _It will be obvious from the 
drawing, however, that the pressure chamber associated 
with each thrust unit communicates with the interior of 
the arbor lérfor ‘one-half of each revolution of the arbor 

' (section and for the other half of each revolution com 
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housing 22 as piston 30 moves 'into'its retracted position _ 
and in effect forces wedge 34 downwardly on the outer 
surface 36 of the piston. For convenience, each port 
and the corresponding piston, wedge and collar will be 
referred to as ‘a thrust unit. Thus the drawing shows 
twelve thrust units arranged in six rows, each row con 
taining two thrust units which are spaced 180° apart. The 
thrust units are identi?ed on the drawing by reference 

_ numerals 60A through 60]. . 
A sealing lattice is positioned between the exterior 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 
526, which are interconnected by elongated upright sec 
tions 54. Adjacent vertically-spaced upright sections are 
rotated 90° with respect to each other. Upright sections 
between adjacent annular sections are spaced 180° apart. 
Upper annular section 52A ?ts in an annular’ groove in 
the inner honing wall above the uppermost row of ports 
in housing 22. Lower annular section 526 ?ts in a simf 
'ilar grooverin the inner housing wall below the bottom 
row of ports in the housing. Intermediate sections 52D 

similarly provided for‘the upright sections of the seal. 
The inner space between arbor section 14. and the inter 

' ' ior bore of housing 22 is thus divided by the sealing lattice 
shown in FIGURE 3 into twelve pressure chambers, there 
‘being one such chamber for each thrust unit. 

Passageways in the wall of arbor section 14 alternately 
‘connect the pressure, chamber associated with each piston 
with the interior. 516 of the arbor section and the, annulus 
58 between the exterior'o-f the tool and the borehole wall. 
As shown in the drawing, the pressure chamber associated 
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municates with the annulusl58. 'The conduit and port 
arrangement of arbor 14 as shown is such that each thrust’ 
unit is oppositely actuated ‘from the horizontally and ver 
tically adjacent thrust members. When a pressure cham 
ber communicates with the annulus, the resilient seal 
about the corresponding piston 30 retracts the piston. 

‘ When the pressure chamber communicates with the in 
terior 56 of arbor section 14, the ?uid pressure is greater 
than that in the annulusand the piston 30 is driven out’ 
Wardly. Thus when one thrust unit is actuated, the ver~ 
tically adjacent. and horizontally opposite thrust units are 
in a retracted or retracting position because the cone 
spending’ pressure chambers are in ?uid communication 
with the annulus $8. ' ' ~ 

It will be recognized that the arrangement of the thrust’ 
units, the pressure ports, and the pressure relief ports of 
the tool may be modi?ed from that shown in FIGURES 1 
through 4 .of the drawing. For example, in lieu of pro 
viding two thrust ‘units in each row as shown, three or 
more such units may be located: in, each row. The units 
in adjacent vertically spaced rows may be oifset from one 
another to ‘attain smoother operation and better lateral 
stability. Further, the pressure ports and pressure relief 
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 optimum performance. 

In the operation of the apparatus shown in FIGURES 
1, 2 and 3, drilling ?uid under pressure is circulated down 
,wardly through drill string 12, through interior 56 of 
arbor section 14, out nozzle ‘20 of the bit and back up 
annulus 58. Drilling is then commenced by rotating drill 
string 12 at the surface by a rotary table or similar equip 
ment not shown. When arbor section 14 is in the position 
'shown in FIGURES land 2, thrust units MA, 690, 60E, 
and‘?tlG and 60] are retracted because the corresponding 
pressure chambers are open to annulus 58 at a lower 

' pressure than that within the" drill string. The pressure 
in the annulus 58 is usually 600 to 1000 psi. or more 
"below that" in the drill" string. Whenrthe' pressure is 

. equalized across" the resilient seal of piston 30, the elastic 

755 
through 52F ?t in annular grooves in the housing wall ', 
spaced vertically between the rows of ports. Grooves are " 
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with thrust unit 69A communicates, through pressure re- . 
lief passageway 62 with the annulus StifgThe piston of 
thrust unit 66A in the upper row is therefore retracted in 

' 'wardly. .The pressure chamberassociated with thrust‘ 
unit 60B communicates through’ pressure port or passage 
way 64 with the‘interio-r of arbor/section 14, as shown 

‘in FIGURE 2 of the drawing. », As a result, the piston 
or thrust unit 6013 is extended outwardly} The pressure 

7O_'to improve their holding ability. 

seal pulls the piston inwardly into its retracted position. 
As the piston moves inwardly, the resetting arm 50 of 
~wedge 34 contacts the outer surface of housing 22 and 

I limits movement of the wedge. 
'rnent of the piston results in the wedge being moved down 

Further inward move 

wardly with a sliding action between surfaces 36 and 38. 
The thrust wedge is thus moved downwardly with respect 
‘to the pistons . . , V . 

' Thrust units 6613, 6013,,6ttFand60H as shown are ex 
tended outwardly. This is becausethe corresponding 
pressure'chambers are in. ?uid’ communication with the 
interior 56 of arbor section 14, at a pressure ‘considerably 
higher than that in the annulus 58. The pistons are forced 

' outwardly, thus forcing the associated wedges, outwardly 
against the formation borehole. The outer faces of the 
wedges which contact the borehole wall may be serrated 

After awedge comes intoicontact with the borehole 
“wall as described above, further outward movement of the 
‘corresponding piston tends to force the wedge'upwardly. 
.Since'the'Qouter, surface) of the wedge, is anchor'edpagainst 
.the'wall', and c'annotmove upwardly, a downward'ireaction 
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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 is transferred through thrust bearings 
24 and 26 to arbor section 14. The arbor section thus 
tends to move downwardly and hence force the bit 
against the bottom of the borehole. Continued rotation 
of arbor section 14 aligns pressure port 64 with the pres 
sure chamber associated with thrust unit 60A. Discharge 
conduit 62 is similarly aligned with the pressure chamber 
associated with thrust unit étlB. When this occurs, thrust 
unit 60A is actuated to engage the borehole wall and thrust 
unit 608 is retracted. The other thrust members are 
alternately actuated and retracted in similar manner as 
the corresponding pressure chambers alternately com 
municate with annulus 58 and the interior 56 of arbor 14. 
The apparatus shown in FIGURES l and 2 thus permits 
the application of upward force to 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 70 is 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 70 contacts the borehole 
wall and tends to force housing 22 downwardly. This 
downward force is transmitted through thrust means 24 
and 26 to arbor 14, thus forcing bit 18 downwardly against 
the bottom of the borehole. Alternate pistons 70 are 
retracted and reset in much the same manner as in the 
embodiment described above in connection with PIG 
URES 1 and 2. The angle on which the center line or 
longitudinal axis of piston 70 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 stroke 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 l and 2 of the drawing depends on several 
factors. Assuming a pressure drop through the bit of 
600 p.s.i., 60 1% 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 to 1200 psi, 
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 obvious from the foregoing that the down 
ward force obtained 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 
obtained by means of a tool of given size is 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 tool joints. 
In cases where it is desired to apply less force to the bit 
than is normally furnished by the tool, the tension in the 
drill string can be increased by applying upward force 
to the drill string at the surface with the rig equipment 
to lessen the effective force of the bit. One instance 
where it is frequently desirable to do this is in reaming 
operations. The ability to control the force applied 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 iiuid. A reduction in the quantity of ?uid cir 
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5 
culated reduces the ?uid available for cooling and lubricat 
ing the bit 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 control of the 
force on the bit. 
FIGURE 5 of the drawing illustrates still another em~ 

bodiment of the invention. Shown in FIGURE 5, sus 
pended in borehole 80, is a string of drill pipe 82.. At 
tached to the lower end of the drill pipe is arbor section 
84 containing axial passageway 36 for the circulation of 
fluid through the tool. The arbor section is connected 
at its lower end to drill bit 88. Mounted about arbor 
section 84 is tubular housing 90. 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 90. Positioned within 
chamber 96 is an annular piston 98 which is affixed to or 
constructed as an integral part of arbor section 84. Ring 
100 in the outer face of the piston 98 provides a seal 
against the inner wall of housing 90. Chamber % is thus 
divided into an upper or power section 102 and a lower 
or discharge section 104. Upper section 102 communi 
cates with passageway 86 in the arbor section through port 
106. Lower section 104 communicates with annulus 108 
outside the tool through port 110. A projection 115, hav 
ing shoulder 113, is provided on the inner wall of housing 
N) to limit the downward movement of housing 90 with 
respect to arbor section 84. 
A plurality of ports 111 extend through the wall of 

housing 90 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 each port 
by means of an elastic collar 114 of rubber or similar 
?uid-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 skate 
elements 116 which extend across the shoe at an angle 
to the transverse axis ,of the tool. The runners are pref 
erably made of tungsten carbide or similar abrasion-re 
sistant material. They may be welded or otherwise af 
?xed 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 
to 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 
housing. The upper end of arbor section 84 above hous 
ing 90 ‘is enlarged to form shoulder 118. Mounted on 
the lower surface of the shoulder is an annular friction 
plate 120 which may be made of tungsten carbide or sim 
ilar abrasion-resistant material. The upper end of housing 
90 is provided with an annular friction plate 122 of 
tungsten carbide or the like which mates with friction 
plate 120 to form a friction clutch. 

In operating the tool shown in FIGURE 5, a drill string 
containing the tool is lowered to the bottom of the well 
bore. A gaseous or liquid drilling ?uid under pressure 
is then circulated downwardly through arbor 84 to hit 88 
and is returned to the surface-through the annulus 10%. 
The pressure in the annulus is considerably less than that 
within the tool because of the pressure drop acrossthe 
bit. Since upper chamber section 102 is connected with 



V the bit continuously. ‘ 

i J 3., Apparatus‘. ‘for use I 
,rotary bit which comprises in combination: 
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passageway 86 through port 196, the pressure in the 
chamber above piston 98 is also greater than that in the 
annulus. 

hole wall. Before the runners 116 are'securely anchored 
to the wall. of the borehole, housing 9dmoves upwardly 

' until plate 122 comes into, contact with plate 120 on the ' 
arbor.‘ The arbor is held in position by the drillstring 
to which it is connected. After the runners have been 
securely anchored to the borehole Wall, the reaction thrust 
from thedownward force on piston 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 
surface. 
string, arbor 84 and bit 88 from the surface. 

or torque from the arbor to housing 99. The housing 
therefore rotates. 

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 I 
arbor Willi-move downwardly relative to the housing. 
This increases the friction between the plates, causing the 
housing to rotate and move vdownwardly moree'rapidly. 
If the bit encounters hard strata and the drilling rate'de 
creases, the friction between’ the plates will decrease. 
There will be a corresponding decrease in the ‘rate at 
vwhich the housing rotates and ‘moves downwardly. The 
anchoring section of'the tool is thus continually advanced 
as drilling progresses and hence a downward axial force, 
supplied by pressure fromthe drilling ?uid, is applied to 

What is claimedis: - . ~ ‘ 

1. Apparatus for use in drilling a borehole which com 
prises in’ combination: ' '/ . . 

a hollow rigid arbor section insertable in a string of 
drill pipe; . , 

a housing member surrounding said arbor section in 
a scalable, rotatable, non-longitudinally movable, 

' relationship therewith; . 

and a plurality of thrust members mounted in the wall 
of said housing member, said thrust'member-sinclud 
ing means for engaging the wall of said borehole and 
exerting an upward thrust against said wall. , 

2. Apparatus for use in‘the drilling of boreholes in 
the earth which comprises in combination; 

an arbor section insertable'in a drill string near‘ a bit 
- Y > for establishing ?uid communication between said 

vdrill string and bit; ' " ' 

a housing surrounding saidarbor'section in a sealing, , , 
rotatable relationship; . 

‘thrust means in said housing operable ‘to engage ‘the 
wall of said borehole and exert a downward thrust ' V 
‘on said housing; 7 a . 

a and thrust transfer means to" transfer the downward 
thrust ‘thus exerted» on ‘the housing'to said arbor 
section. ' ' ' ' 

an arbor section connectable to the bit; l 
a housing member surrounding said arbor section in a 

sealing, rotating-relationship;. , , ~ ' 

' thrust bearings interconnecting said housing member 
. 1 ‘ V and'said'arborsection; ‘ ' . f .7 ' _ I. 

V »a plurality?of ports extending'throughsaid thousing , 
. . . .70 . member; <_ ' r . ~ - 7 r , i 

a ram member havinganoutwardly and upwardly fac 

.,,_in ‘each of said ports; 
' ~ a thrust wedge having doiwnwardlyfacing surface” ‘ I 

‘ -_complementing the upwardly facingsurfacel-bf said‘ 

The fluid in section 192 tends to force piston. 
98 downwardly and housing 90- upwardlyg It also moves ‘ 

' shoes 112 outwardly so that runnersl-lti contact the bore- , 

Drilling is commenced by rotating theldrill 7 
Friction ' 

' betweenclutch plates 120 and 122 results in the transfer 

Rotation of housing 90 causes runners ' 
116 to advance down the borehole wall in ‘a manner sim 

indrilling a borehole using a: ' 

ingrsurface, said ram member, beingrresilientlysealed S1 

. , ' 3 . . 

‘ ram member, said surface of said ram member and 
said surface of said thrust wedge being slidable with 
respect to each other and said thrust wedge having 
an upper and a lower limit of travel with respect to 
said ram member; ' 

and conduit valve means within said arbor section to ' 
alternately connect the inner side of said resiliently 
sealed ram ‘member with the interior’ of said arbor 
section and with the exterior of said housing as the 
arbor seetionris rotated. . 

4. Apparatus for use in drilling boreholes in the earth 
with a string of drill pipe and a bit which comprises in 
combination: _ 1 f ‘ , 

an arbor section .insertable in said drill string near said 
bit to establish ?uid communication between the 
drill string and bit; ' ' ‘ ‘ 

a housing member surrounding said arbor section in a 
sealing and rotatable relationship therewith, the in 
..nerr diameter of said housing vmember being su?i 
rciently larger than 'therouter diameter of said arbor 
section to de?ne an annular chamber between said 
arbor section. and housing member; 

an annular piston mounted in said chamber,‘ said vpiston 
. being attached to said arbor'section; ' ' 

' port means in the lower portion of said housing for 
establishing fluid communication between saidcham 
bervbelow said piston and the. exterior of said ‘hous 
mg; ' Y . 

10 

:port means in the wall of said arbor section above said 
piston .for establishing ?uid communication between 

V the interior of said arbor section and said chamber 
7 above said piston; ' ~ 

shoe members resiliently mounted'in ports in the wall 
of said housing member; 7 ‘ 

skate elements mounted on the ‘exterior surface of each 
of said shoes; , ' ‘a 4 I 

an annular traction plate surrounding said arbor's?c 
tion on the upper end of said housing; ' ' - 

and a second, complementary friction plate .on said 
arbor section above said annular friction .plate for 
engaging said annular plate.‘ ' 

5. Apparatus as de?ned ‘byclaim 4 wherein said skate 
elements have a‘ pitch of not over 5 degrees. ’ 

6. A method for drilling a borehole in the earth which 
comprises: 7 ' e s > ' . ; ' . 

rotating a drill’ bit at the end of a drill string in‘said 
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borehole while circulating a drilling ?uid into the , 
hole throughsaid drill string and bit; 

applying upward force to the borehole wall from a 
limited sectioniof the drill string abovethebit in 
response to drilling fluid pressure within said drill 
string; " ' V ‘a i ‘a V 

and thereafter applying upward force torrthe borehole 
wall at’ successively loweripoints on the wall at a rate 

55 I sufficientto‘maintain a continuous axial :force on 
saidbitil. , ' J- V ‘ - 

7. A method’ asde?ned; by claim 6 wherein upward 

50' 

points along'pat-hs parallel. to the axis, of Tsa'idiborehole. 
6 ~ 8. A method as de?ned by claim 16 wherein lupward 

vio'rce isapplied to said, borehole wall at successively lower 
points along spiral paths .on the borehole wall; 

'7 9. Ina drilling method wherein a drilling ?uid is cir 
culated through a drill string suspended in a borehole 
and a cutting tool is 'conne'ctedratthe lower end of the 

' V 7 string, the-improvement‘which comprises: 

rotating said cuttingtool at the'lower end of said drill 
‘string; 7 T ' 7' '7 ' V 

applying upward force'tothe borehole/wall at spaced 
:points froma :limited- section of the drill ‘string 10 

, cated a, ?xed distance above said cutting'to'ol in re 

"vwithinjsiaidrdrill string; ‘a ' . s 

' torce is applied to said borehole Wall at successively lower 

sponse to fluid pressure exertedr'by‘said drilling ?uid. 

‘ {and the-reafterrmaintaining a continuous axial'force'on ' 
751]" said cutting tool by applying force to said borehole ‘ 
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Wall at successively lower points on said wall as said 
borehole is advanced. 

10. A method as de?ned 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 de?ned 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 string 
of drill pipe for forcing a bit against the bottom 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; 
21 housing surrounding 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 vfrom 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 string 
and means for conveying ?uid from the drill string to 
the bit; 
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it) 
and a thrust member se-alingly and resiliently mounted 

in each of said ports, said thrust member including 
means for engaging the wall of the borehole and 
exerting an upward force against the borehole wall. 

14. Apparatus for use in drilling a borehole with a 
rotary bit which comprises in combination: 

an arbor section connectable to said bit; 
a housing member surrounding said arbor section in a 

sealing 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 resiliently 
sealed ram member with the interior of said arbor 
section and with the exterior of said housing as the 
arbor section is rotated. 

15. Apparatus as de?ned by ‘claim 14 in which the longi~ 
tudinal axis of said ram member extends at an angle with 

25 the horizontal plane of about 45 degrees. 

a housing member surrounding said arbor section in a 30 
sealing, rotatable relationship therewith, the inner 
diameter of said housing member being su?iciently 
larger than the outer diameter of said arbor section 
to de?ne an annular chamber between said arbor 
section and housing member; 

port means in said arbor section for providing ?uid 
communication 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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