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(57) Abréegée/Abstract:
The apparatus, In one embodiment, has guide housing (113) with a shaft (101) extending through the guide housing (113) with a
drill bit (105) coupled to its forward end (101F). The shaft (101) may be moved to a forward drilling position or to a rearward shifting
position relative to the guide housing (113). A cam Is located inside of the guide housing. A cam follower (131) Is coupled to the

shaft. In the shifting mode, the cam follower (131) Is disengaged from the cam. A clutch (261) Is provided for coupling the carr

th
a

tr

e shaft when the shaft is in the shifting position such that the cam follower may be rotated with the shaft relative to the cam

1o
to

low the cam follower to engage the cam when the shaft is moved to the forward drilling position. In the forward drilling positior

of

e shaft, the clutch releases the cam from the shaft and the cam follower engages the cam to allow straight drilling to occur or to
cause the axis of said guide housing to shift relative to the axis of the shaft to cause the direction of drilling by the shaft and drill bit

to change.
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(87) Abstract

The apparatus, in one embodiment, has guide housing (113) with a shaft (101) extending through the guide housing (113) with a drill
| bit (105) coupled to its forward end (101F). The shaft (101) may be moved to a forward drilling position or to a rearward shifting position
relative to the guide housing (113). A cam is located inside of the guide housing. A cam follower (131) is coupled to the shaft. In the
shifting mode, the cam follower (131) is disengaged from the cam. A clutch (261) is provided for coupling the cam to the shaft when the
shaft is in the shifting position such that the cam follower may be rotated with the shaft relative to the cam to allow the cam follower to
engage the cam when the shaft is moved to the forward drilling position. In the forward drilling position of the shaft, the clutch releases
the cam from the shaft and the cam follower engages the cam to allow straight drilling to occur or to cause the axis of said guide housing
to shiift relative to the axis of the shaft to cause the direction of drilling by the shaft and drill bit to change.
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The i1nvention relates to a drilling system for

drilling a borehole i1n the earth with a directional control

system.

Description of the Prior Art

A S - — e - -

In recent history, the utility industry has been
using methods of placing conduits and cable in the ground
without forming trenches. This 18 known as trenchless
technology and is carried out by drilling, using machines that
advance a drill string into the ground and guiding it around
obstacles to the exit point desired. There 1s no problem in
drilling in dirt using techniques and eguipment similar to
those found in U.S. Patent No. 4,953,638. Also the oil and gas
drilling systems have for many yvears used devices to direct a
drill stem to desired locations. These systems use devices
such as whipstocks and downhole motors mounted on bent shafts.
When the drilling system, used by the utility industry,
encounters rock, the operators have used downhole motors and

gr—
p—

Lox

devices that use two stems, one for cutting and one

steering such as disclosed in U.S. Patent No. 5,490,569. It
requires a special machine to operate these systems and the
cost of such machines i1is very high. Moreover the downhole
motors that use water, require environmental clean up which
present problems. Other prior art drilling systems are

disclosed i1n U.S. Patent Nos. 4,281,723 and 5,423,388.



CA 02334334 2000-12-07

WO 99/64712 PCT/US99/12574

Summary of the Invention
It is an object of the invention to provide a new and useful
directional drilling apparatus.

The apparatus comprises a guide housing having a shaft extending
therethrough. A cutting means is coupled to the forward end of the shaft
for drilling purposes upon rotation of the shaft. The shaft is movable
longitudinally relative to the guide housing such that the shaft may be
moveable to a forward drilling position relative to the guide housing and
to a rearward shifting position relative to the guide housing. Means
located in the guide housing is controllable by movement of the shaft in
the shifting position for locating the axis of the guide housing in at least
first and second positions relative to the axis of the shaft. In the first
position, the axis of the guide housing generally coincides with the axis
of the shaft to allow the apparatus to drill straight. In the second position
the axis of the guide housing is shifted relative to the axis of the shaft to

cause the direction of the apparatus to turn while drilling operations are
carried out.

In one embodiment, cam means is coupled to the guide housing at
different angular positions around the shaft. A cam follower is coupled
to a cam follower housing which surrounds the shaft. The cam follower
is disengaged from the cam means and the cam follower housing and the
cam follower are rotatable together relative to the guide housing when
the shaft is in the shifting position. The cam follower is movable
longitudinally with the shaft relative to the cam means. A clutch is
provided for coupling the cam follower housing to the shaft when the
shaft is in the shifting position such that the cam follower housing and
hence the cam follower may be rotated by the shaft relative to the cam
means to allow the cam follower to engage the cam means at a selected
angular position around the shaft when the shaft 1s moved to the forward
drilling position. When the shaft 1s moved toward the forward drilling
position, the clutch allows the cam follower housing to be uncoupled
from the shaft such that in the forward drilling position of the shaft, the
cam follower engages the cam means and causes the guide housing to
shift relative to the shaft to cause the direction of drilling to change.

In a further aspect, rotational indicators are provided for indicating
the rotational position of the cam follower relative to the cam means and
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the position of the cam follower required for straight drilling. This
information is transmitted to the surface by a radio frequency signal.

In one embodiment, the cam means comprises a conical shaped
surface and at least one other surface to be selectively engaged by the
cam follower. The conical shaped surface may be in line with or offset
from the axis of the outer perimeter of the cam means.

In another embodiment the cam means comprises a plurality of
cams coupled to the guide housing at different angular positions around
the shatft.

The cam follower comprises two cam members spaced 180

degrees apart with one of the members adapted to be used for engaging
the cam means.

In another embodiment, the cam means may be rotated to
reposition the straight position of the cam means to a different clock
position thereby allowing a turn to be made in all clock positions. A
stop is coupled to the cam means for allowing the cam follower to rotate
the cam means to a different position for deflecting the axis of the guide
housing. A second stop 1s provided on the cam means for engagement
by the cam follower to allow the cam follower to be disengaged from the
clutch sufficient to prevent deflection of the guide housing to allow
straight drilling to occur. A second clutch weaker than the shifting
clutch may be employed for releasably holding the cam means to the
guide housing.

In still another embodiment, the cam means comprises a single
annular member having two slots spaced 180 degrees apart for receiving
two cam members of the cam follower. A stop is coupled to the cam
follower for engaging a forward stop coupled to the guide housing for
providing a straight drilling position. As an alternative, a rotatable ring
releasably coupled to the guide housing with a clutch is provided for
supporting the forward stop for rotating the forward stop to a different
position to allow a turn to be made at all clock positions.

In another embodiment, the cam follower is adapted to engage a
stop coupled to the guide housing to rotate the guide housing in the bore

‘while the cam follower.1s in the straight position and while drilling is

being carried out.
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In still another embodiment the drill shaft may be a
telescoping shaft to obtain a means to hold the housing in a
vertical hole while the shaft pushes the cam follower i1nto the

cCam mealls.

In another embodiment, side cutters are mounted and
operated in a manner to cut side slots 1n the hole for trailing
guides to prevent the housing from rotating. In one

embodiment, the side cutters help pull the apparatus through
the hole being drilled.

In still another embodiment, a rotational brake 1is
provided to help prevent the cam means from rotating when the
drill head i1s drilling forward. The brake comprises a piston
and friction material located 1n an aperture formed through the
side wall of the cam means for applying pressure to the inside
of the guide housing by the cam follower during drilling

operations.

The invention may be summarized according to one
aspect as an apparatus for drilling a hole 1n the earth,
comprising: a guide housing having a given axis, a shaft
extending through said guide housing, said shaft having a
central axis and a forward end, a drill rig stem connected to

rear end of said shaft, cutting means coupled to said forward

end of said shaft for drilling purposes upon rotation and
thrust of said shaft by means of said drill rig stem, said
shaft being movable longitudinally relative to said guide
housing by means of said drill rig stem such that said shaft
may be movable to a forward position relative to said guide
housing and to a rearward shifting position relative to said
guide housing, said guide housing being movable forward and
rearward by means of said drill rig stem, means located in said
guide housing to vary the alignment of said axis of said guide

housing relative to axis of said shaft during longitudinal
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displacement of said shaft relative to said guide housing for
locating saild axis of said guide housing 1in at least first and

second positions relative to said axis of said shaft, said

shaft being adapted to rotate said cutting means durilng and

after longitudinal displacement, in said first position, said
axis of said housing generally coincides with said axis of said
shaft to allow said apparatus to drill straight, 1in said second
position, said axis of said guide housing 1s shifted relative
to sailid axis of said shaft to cause the direction of said

apparatus to turn while drilling operations are carried out.

According to another aspect the invention provides an
apparatus for drilling a hole i1n the earth, comprising: a guide

housing having a given axis, a shaft extending through said

guide housing, said shaft having a central axis and a forward

[

end, cutting means coupled to said forward end of said shaft

for drilling purposes, upon rotation of said shaft; said shaft
being movable longitudinally relative to said guide housing
such that shaft may be movable to a forward drilling position
relative to said guide housing and to a rearward shifting
position relative to sailid guide housing; cam means coupled to
sald guide housing at different angular positions around said
shaft; a cam follower coupled to a cam follower housing which
surrounds said shaft; said cam follower being disengaged from
said cam means when saild shaft is in said shifting position;
sald cam follower housing and said cam follower being rotatable

together relative to said guide housing when said shaft is in

sald shifting position; said cam follower being movable

longitudinally with saild shaft relative to said cam follower

housing and relative to sald cam means; a clutch for coupling
salid cam follower housing to said shaft when said shaft is in

sald shifting position such that said cam follower housing and

hence said cam follower may be rotated with said shaft relative

to said cam means to allow said cam follower to engage said cam
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means at a selected angular position around said shaft when
sald shaft 1s moved to said forward drilling position; when
sald shaft moves toward said forward drilling position, said

clutch allows said cam follower housing to be uncoupled from

salid shaft such that in said forward drilling position of said

shaft, said cam follower engages said cam means and causes said

axis of said guide housing to shift relative to said axis of
sald shaft to cause the direction of drilling by said shaft and

sald cutting means to change.

According to another aspect the invention provides an
apparatus for drilling a hole in the earth, comprising: a guide
housing having a given axis, a shaft extending through said

guide housing, said shaft having a central axis and a forward

end, cutting means coupled to said forward end of said shaft
for drilling purposes, upon rotation of said shaft, said shaft
being movable longitudinally relative to said guide housing

such that said shaft may be movable to a forward drilling

position relative to said guilide housing and to a rearward
shifting position relative to said guide housing, means located
1n sald guide housing and controllable by movement of said
shaft in said shifting position for locating said axis of said
housing 1n at least first and second positions relative to said
axls of said shaft, in said first position, said axis of said
gulide housing generally coincides with said axis of said shaft
to allow said apparatus to drill straight, in said second
position, sailid axis of said gulde housing is shifted relative
to said axis of said shaft to cause the direction of said
apparatus to turn while drilling operations are carried out, a
front shaft support housing coupled to said guide housing for
longitudinal movement with said shaft relative to said guide
housing, said shaft extending through said front shaft support

housing, side cutting means coupled to said front shaft support
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housing for cutting at least one side aperture in the earth

extending transverse to the borehole while the borehole 1is
being formed, at least one guide coupled to said apparatus
rearward of said front shaft support housing which extends
outward into the side aperture as the apparatus is moved

forward in the hole being drilled.

According to another aspect the invention provides an
apparatus for drilling a hole in the earth, comprising: a guilide
housing having a given axilis, a shaft extending through said

guide housing, said shaft having a central axis and a forward

end, cutting means coupled to said forward end of said shaft
for drilling purposes, upon rotation of said shaft, said shaft
being movable longitudinally relative to said guide housing

such that said shaft may be moved to a forward drilling

position relative to said gulde housing and to a rearward

shifting position relative to said guide housing, cam means
coupled to said guide housing around said shaft and being
rotatable relative to said guide housing, a cam follower means

surrounding said shaft and being rotatable relative to said

shaft, said cam follower means being movable longitudinally

with said shaft relative to said cam means, a clutch for
coupling said cam means to said shaft to prevent rotation of

gsald cam means relative to said shaft when said shaft 18 in

sald shifting position such that said cam means may be rotated
with said shaft relative to said guide housing to allow said
cam means to rotate said cam follower means to a selected
angular position relative to said guide housing, when said
shaft moves toward said forward drilling position, said clutch
allows said cam means to be uncoupled from said shaft such that
in said forward drilling position of said shaft, said cam

follower means engages said cam means and causes said axis of

sald guide housing to shift relative to said axis of said shaft

to cause the direction of drilling by said shaft and said
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cutting means to change, a first stop coupled to said cam
follower means, a second stop coupled to said guide housing
forward of said first stop such that said shaft may move said
cam follower means and hence said first stop to an engaging
position sufficient to engage said second stop when said shaft

1s moved forward, in sailid engaging position said cam follower

means 1s moved forward sufficient to be uncoupled from said
shaft but not far enough to significantly move sald axis of

sald guide housing out of alignment with the axis of said

shaft.

In accordance with another aspect the invention

provides an apparatus for drilling a hole in the earth,
comprising: a guide housing having a given axis, a shaft
extending through said guide housing, said shaft having a
central axis and a forward end, cutting means coupled to said
forward end of said shaft for drilling purposes, upon rotation
of said shaft, said shaft being movable longitudinally relative
to said guide housing such that said shaft may be moved to a
forward drilling position relative to said guide housing and to

a rearward shifting position relative to said guide housing, a

cam follower means surrounding sald shaft and being rotatable
about said shaft, a cam ring comprising cam means supported in
salid guide housing around said shaft for rotation relative to
salid gulide housing and relative to said shaft, said cam
follower means being movable longitudinally with said shaft
relative to said cam ring, a clutch for coupling said cam
follower means to said shaft to prevent rotation of said cam
follower means relative to said shaft when said shaft is in
said shifting position such that said cam follower means may be
rotated with said shaft relative to said cam ring, when said
shaft moves toward said forward drilling position, said clutch
allows said cam follower means to be uncoupled from said shaft

such that in said forward drilling position of said shaft, said
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cam follower means engages said cam means of said cam ring and
causes sald axis of said guide housing to shift relative to
salid axils of said shaft to cause the direction of drilling by
said shaft and said cutting means to change, a first stop
coupled to said cam ring; a second stop coupled to said cam
ring forward of said first stop and angularly spaced from said
first stop relative to said axis of said cam ring such that in
sald shifting position, said shaft may move said cam follower
means to a first engaging position to engage said first stop
when said shaft and cam follower means are moved forward for
rotating saild cam ring and hence said cam means to a desired
angular position relative to said guide housing; in said

shifting position, said shaft may rotate said cam follower

means to a second engaglng position to engage said second stop
when said shaft and cam follower means are moved forward; in
sald second engagilng position said cam follower means is moved
forward sufficient to be uncoupled from said shaft but not
enough to significantly move said axis of said guide housing

out of alignment with the axis of said shaft.

In accordance with another aspect the invention

—te

provides an apparatus for drilling a hole in the earth,
comprising: a guide housing having a given axis, a shaft
extending through said guide housing, said shaft having a
central axis and a forward end, cutting means coupled to said
forward end of said shaft for drilling purposes, upon rotation

of said shaft, said shaft being movable longitudinally relative

to said guide housing such that said shaft may be moved to a
forward drilling position relative to said guide housing and to
a rearward shifting position relative to said guide housing, a
cam follower means surrounding said shaft and being rotatable
about said shaft, a cam ring comprising cam means fixed to said
guide housing around said shaft, said cam follower means being

movable longitudinally with said shaft relative to said cam
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ring, a clutch for coupling said cam follower means to said

shaft to prevent rotation of said cam follower means relative
to said shaft when said shaft 1s 1n said shifting position such
that said cam follower means may be rotated with said shaft
relative to said cam ring, when said shaft moves toward said
forward drilling position, said clutch allows said cam follower
means to be uncoupled from said shaft such that in said forward
drilling position of said shaft, said cam follower means
engages sald cam means of sald cam ring and causes said axis of

sald guide housing to shift relative to said axis of said shaft

Lo cause the direction of drilling by said shaft and said
cutting means to change, a cam follower stop coupled to said
cam follower, a ring stop coupled to said cam ring at a given
longitudinal position such that when engaged by said cam
follower stop said clutch 1s still engaged with said shaft,
sald clutch is sufficient to rotate said cam follower means
when said cam follower stop 1s engaged with said ring stop to
rotate said guide housing in the hole being drilled when said

shaft 1s rotated.

In accordance with another aspect the invention
provides an apparatus for drilling a hole in the earth,
comprising: a guide housing having a given axis, a shaft
extending through said guide housing, said shaft having a
central axis and a forward end, cutting means coupled to said
forward end of said shaft for drilling purposes, upon rotation
of said shaft, said shaft being movable longitudinally relative
to said guide housing such that said shaft may be movable to a
forward drilling position relative to said guide housing and to
a rearward shifting position relative to said guide housing;
cam means coupled to said guide housing around said shaft and
being rotatable relative to said guide housing; a cam follower
means surrounding said shaft and being rotatable relative to

gaid shaft; said cam follower means being movable
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longitudinally with said shaft relative to sald cam means; a

clutch for coupling said cam means to sald shatft to prevent

rotation of said cam means relative to said shaft when said

shaft is 1n said shifting position such that said cam follower

means may be rotated with said shaft relative to said guide

housing to allow said cam means to rotate said cam follower

means to a selected angular position relative to said guide

housing; when said shaft moves toward said forward drilling

position, said clutch allows said cam follower means to be

uncoupled from said shaft such that 1n said forward drilling

F

position of said shaft, said cam follower means engages saild

cam means and causes said axis of said guide housing to shift

relative to said axis of said shaft to cause the direction of

drilling by said shaft and said cutting means to change; a ring

rotatably supported in said guide housing forward of said cam

means; a first stop coupled to said cam follower means; a

gresmy

second stop coupled to said ring forward of said cam follower

means such that said shaft may move said cam follower means and

hence said first stop to an engagilng position sufficient to

engage said second stop when said shaft 1s moved forward; 1n

said engaging position, said cam follower means 1s moved

F
p—

forward sufficient to be uncoupled from said shaft but not far

enough to significantly move the axis of said guide housing out

of alignment with the axis of said shaft, and a third stop

coupled to said ring forward of said cam follower
longitudinally positioned to stop longiltudinal displacement

between cam follower and shaft such that said clutch 1s still

engaged allowing said shaft to rotate said ring; a second
clutch for removably coupling said ring to said guide housing

during drilling operations and for releasing said ring from

sald guide housing for allowing said shaft and said cam
follower means to rotate said ring and hence said second stop

to a desired angular position.
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In accordance with another aspect the invention
provides an apparatus for drilling a hole in the earth,
comprising: a guide housing having a given axis, a shaft
extending through said guide housing, said shaft having a
central axis and a forward end, cutting means coupled to said
forward end of said shaft for drilling purposes, upon rotation
of said shaft, said shaft being movable longitudinally relative
to said guide housing such that said shaft may be movable to a

forward drilling position relative to said guide housing and to

a rearward shifting position relative to said guide housing,

cam meansg coupled to salid gulde housing around said shaft, said
cam means comprising an annular member having a given axis with

sald annular member comprising wall structure defining a

conical shaped surface having an axis offset from said given
axlis, a cam follower means coupled to a cam follower housing
which surrounds saild shaft, said cam follower being disengaged

from said cam means when said shaft i1s in said shifting

position, said cam follower housing and said cam follower means
being rotatable together relative to said guide housing when
sald shaft i1s 1n said shifting position, said cam follower
being movable longitudinally with said shaft relative to said

cam follower housing and relative to said cam means, a clutch

for coupling said cam follower housing to said shaft to prevent

rotation of said cam follower means relative to said shaft when
sald shaft 1s in said shifting portion such that said cam
follower housing and hence said cam follower means may be
rotated with said shaft relative to said cam means to allow
sald cam follower means to engage said cam meansg at a selected
angular position around said shaft when said shaft is moved to
said forward drilling position, when said shaft moves toward
sald forward drilling position, said clutch allows said cam

follower means housing to be uncoupled from said shaft such

that 1n said forward drilling position of said shaft, said cam

follower means engages said cam means and causes said axis of
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sald guide housing to shift relative to said axis of said shaft

gr—

to cause the direction of drilling by said shaft and said

cutting means to change.

According to another aspect the invention provides an
apparatus for drilling a hole in the earth, comprising: a guide
housing having a given axis, a shaft extending through said
guide housing, said shaft having a central axis and a forward

P

end, cutting means coupled to said forward end of said shaft

for drilling purposes, upon rotation of said shaft, said shaft

being movable longitudinally relative to said guide housing
such that said shaft may be movable to a forward drilling
position relative to said guide housing and to a rearward

shifting position relative to said guide housing, means for

shifting the axis of said guide housing relative to the axis of

sald shaft while said apparatus 1s drilling forward, said shaft

comprises first and second shaft members with one of said shaft

P
p—

members having a central opening at one end and the other of

sald shaft members having an end located in said central
opening such that said first and second shaft members may move
toward and away from each other, and means for preventing said
first and second shaft members from rotating relative to each

other.

According to another aspect the invention provides an
apparatus for drilling a hole in the earth, comprising; a guide

housing having a given axilis; a shaft extending through said

guide housing; said shaft having a central axis and a forward

end; cutting means coupled to said forward end of said shaft

for drilling purposes, upon rotation of said shaft; said shaft

being movable longitudinally relative to said guide housing
such that said shaft may be moved to a forward drilling

position relative to said guide housing and to a rearward

shifting position relative to said guide housing; cam means

coupled to said guide housing around said shaft; a cam follower
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coupled to a cam follower housing which surrounds said shaft:

said cam follower being disengaged from said cam means when

sald shaft 1s 1n said shifting position; said cam follower
housing and said cam follower being rotatable together relative

to said guide housing when said shaft is in said shifting

position; said cam follower means being movable longitudinally
with said shaft relative to said follower housing and relative
to said cam means; a clutch for coupling said cam follower

housing to said shaft when said shaft is in said shifting

position such that said cam follower housing and hence said cam

follower may be rotated with said shaft relative to said cam

means to allow said cam follower to engage said cam means at a

selected angular position around said shaft when said shaft is
moved to said forward drilling position; when said shaft moves

toward said forward drilling position, said clutch allows said

cam follower housing to be uncoupled from said shaft such that

1n sald forward drilling position of said shaft, said cam

follower engages said cam means and causes said axis of said

P

gulide housing to shift relative to said axis of said shaft to

cause the direction of drilling by said shaft and said cutting

means to change, a first indicating means for sensing and

_

transmitting to the surface a signal indicative of the

rotational position of said cam follower means, and a second

indicating means for sensing and transmitting to the surface a
signal indicative of the rotational position of said guide

housing.

i1

Brief Description of the Drawings

Fig. 1 1llustrates the drilling apparatus of the

invention 1n a shifting mode.

Fi1g. 2 1llustrates the drilling apparatus of the

invention 1n a straight drilling mode.
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Fig. 3 1s a cross-sectional view of Fig. 1 taken
lines 3-3 thereof.
Fig. 4 18 a cross-sectional view of Fig. 1 taken
lines 4-4 thereof.
Fig. 5 is a cross-sectional view of Fig. 1 taken
lines 5-5 thereof.
Fig. 6 1s a partial view of the apparatus of Fig. 1.
Fig. 6A 1s a cross-sectional view of Fig. 6 taken
lines 6A-6A thereof.
Fig. 7, appearing on sheet 2 of the drawings, is a

CA 02334334 2006-08-09

crogs-sectional view of Fig. 3

thereof.

Fig. 8,

appearing on

cross-sectional view of Fig. 3

thereof.

Fig. 9,

appearing

oIl

cross-sectilonal view of Fig. 5

thereof.

Fig. 10,

appearing on sheet 3 of

cross-sectional view of Fig. 4

thereof.

Fig. 11,

appearing on sheet 3 of

cross-sectional view of Fig. 4

thereof.

cross-gectional view of Fig.

thereof.

Fig. 12,

appearing on sheet 4 of

5 taken along

taken along the lines 7-7

sheet 2 of the drawings, is a

taken along the lines 8-8

sheet 3 of the drawings, is a

taken along the lines 9-9

the drawings, is

taken along the lines 10-10

the drawings, is

taken along the lines 11-11

the drawings, is

the lines 12-12

a

ad

ad
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Fig. 13, appearing on sheet 4 of the drawings, 1s a

cross-sectional view of Fig. 5 taken along the lines 13-13

thereof.

Fig. 14, appearing on sheet 5 of the drawings, 1s a
cross-sectional view of Fig. 6A taken along the line 14-14

thereof.

Fig. 15 is a cross-sectional view of the apparatus
similar to that of Fig. 4 but with the clutch 1n a released

position.

Fig. 16 illustrates the drill bit, the driving gear
and the sprocket fixed to the shaft.

Fig. 17 is a cross-section of Fig. 16 taken along the

lines 17-17 thereof.

Fig. 18 is a cross-section of Fig. 16 taken along the

lines 18-18 thereof.

Fig. 19 1s a cross-section of Fig. 16 taken along the

lines 19-19 thereof.

Fig. 20 1llustrates the double cam follower mounted

on the shaft.

Fig. 21 1s a cross-sectional view of the apparatus

similar to that of Fig. 4 but with the shaft removed.

Fig. 22 is a cross-sectional view of Fig. 21 taken

along lines 22-22 thereof.

Fig. 23 1s a cross-sectional view of Fig. 21 taken

along lines 23-23 thereof.

Fig. 24 1s a side view of the sprocket which 1is

connected to the shaft.
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Fig. 25 1is a cross-sectional view of Fig. 24 as seen

along lines 25-25 thereotf.

Fig. 26 illustrates one of the balls of the clutch 1n

F

a notch of the sprocket.

Fig. 27 illustrates the ball of Fig. 25 between

pr—

notches of the sprocket.

Fig. 28 is an enlarged cross-section of Fig. 26.

Fig. 29 1llustrates the

1}

the invention.

clutch o:

|

Fig. 30 illustrates

Fig. 31 illustrates

downward turning position.

Fig. 32 1llustrates

upward turning position.

Fig. 33 1llustrates

left turning position.

Fig. 34 1llustrates

right turning position.

the

the

the

t he

the

the

N

sprocket and ball ring o:

16 cams of the apparatus.

apparatus in a borehole in a

apparatus 1n a borehole in an

apparatus 1n a borehole 1n a

apparatus in a borehole 1n a

Fig. 35, appearing on sheet 4 of the drawlngs, 1s a

cross-section of Fig. 5 taken alo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>