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The present invention relates to subsurface bore hole 
apparatus, and more particularly to subsurface apparatus 
for deflecting or angling the direction of a well bore and 
to a desired degree. 
An object of the present invention is to provide an im 

proved subsurface apparatus for controlling the direction 
of drilling a bore hole. 
Another object of the invention is to provide direc 

tional drilling apparatus which can be placed in a deflect 
ing attitude whenever desired and released from such 
attitude whenever desired, all while the apparatus re 
mains in the bore hole. 
A further object of the invention is to provide direc 

tional drilling apparatus adapted to be incorporated in a 
rotary drilling string disposed in a bore hole, in which 
the apparatus can be placed in a hole deflecting condi 
tion and then returned to a normal non-hole deflecting 
condition, thereby permitting the continued drilling of the 
hole without further deflection and without the necessity 
for withdrawing the apparatus from the bore hole. 
An additional object of the invention is to provide 

directional drilling apparatus which is actuated by the 
drilling fluid pumped down the drilling string, of which 
the apparatus forms a part, and in which hydraulic 
actuation of the apparatus can be prevented despite the 
continued pumping of the drilling fluid through it and 
through the drill bit therebelow. 
Yet another object of the invention is to provide direc 

tional drilling apparatus capable of being actuated by a 
pressure differential resulting from pumping drilling fluid 
through the apparatus, in which such pressure differential 
can be rendered ineffective to actuate the apparatus. 

Still a further object of the invention is to provide 
directional drilling apparatus capable of being actuated 
by a pressure differential resulting from pumping drilling 
fluid through it, in which an adequate supply of the 
drilling fluid to the drill bit is insured, particularly when 
the apparatus is in a non-hole deflecting condition. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap 
parent from a consideration of a form in which it may 
be embodied. This form is shown in the drawings ac 
companying and forming part of the present specification. 
it will now be described in detail, for the purpose of 
illustrating the general principles of the invention; but 
it is to be understood that such detailed description is 
not to be taken in a limiting sense, since the scope of 
the invention is best defined by the appended claims. 

Referring to the drawings: 
FIGURE 1 is a side elevational view of the hole de 

flecting apparatus disposed in a well bore, and with its 
parts in a non-hole deflecting condition; 

FIGS. 2 and 2a together constitute a longitudinal sec 
tion, on an enlarged scale, through the apparatus illus 
trated in F.G. 1, FIG. 2a constituting a lower continua 
tion of FIG. 2; 

FIG. 3 is a view corresponding to FIG. 1 illustrating 
the apparatus in a condition for deflecting or inclining 
the direction of the drill bit therebelow; 

FIGS. 4 and 4a together constitute a longitudinal sec 
tion through the apparatus illustrated in FIG. 3, FIG. 4a 
constituting a lower continuation of FIG. 4; 

FIG. 5 is an enlarged cross-section taken along the line 
5-5 on FiG. 2; 
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FIG. 6 is an enlarged cross-section taken along the line 

6-6 on FIG. 2; 
Fig. 7 is an enlarged fragmentary section taken along 

the line 7-7 on FIG. 2a: 
FIG. 8 is a longitudinal section through a portion of 

the hole deflecting apparatus illustrated in FIG. 2; 
FIG. 9 is a side elevational view of the clutch portion 

of the apparatus in engaged position. 
A directional drilling apparatus A is illustrated in the 

drawings, which is adapted to form part of a drilling 
String B, such as a string of drill pipe, extending to the 
top of the well bore C being drilled. The drilling string 
terminates in the usual drill bit D adapted to operate 
upon the bottom E of the hole. It is desired to deviate 
the direction of drilling of the hole by the bit D to a 
desired degree, and when the desired extent of devia 
tion has been achieved to discontinue further inclination 
or deviation of the hole, so that drilling of the hole can 
proceed in the direction to which it has been inclined, all 
without withdrawing the apparatus from the well bore. 
As illustrated, the directional drilling apparatus A in 

cludes a central inner tubular drive shaft or mandrel 
10, which actually forms part of the drilling string B. 
This drive shaft may have a threaded pin at its upper 
end for threaded attachment to a companion threaded 
box 12 of an adjacent upper drill pipe section 13. The 
lower end of the shaft 10 may be constituted as a threaded 
box 4 adapted to be threadedly connected to the upper 
pin end 15 of a lower drill pipe section. 16, or to the 
Shank or body 17 of the drill bit D of any suitable type 
adapted to operate upon the bottom of the hole. This 
drill bit has suitable passages and nozzles (not shown) 
through it, so that the drilling fluid pumped down the drill 
string B and through the central passage 8 of the drive 
shaft may discharge from the bit for action upon the 
bottom E of the hole C, for the purpose of removing the 
cuttings therefrom and to convey such cuttings around 
the exterior of the apparatus A and the drill pipe B to 
the top of the bore hole for suitable disposal. 

Disposed on the exterior of the tubular drive shaft or 
mandrel 10 and in an elongate, peripheral recess 19 there 
in is a lateral movable actuating portion 20 of the appara 
tulis, which is adapted to bear against the wall of the hole 
C, and thereby shift the tubular drive shaft 10 and the 
parts Surrounding it in the diametrically opposite direc 
tion toward or against the opposite wall portion of the 
hole. As specifically illustrated, a pair of upper and 
lower actuating arms 21, 22 are disposed intially in a 
retracted position within the drive shaft recess 19. The 
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upper arm 21 is pivotally mounted on a hinge or fulcrum 
pin 23 disposed in aligned bores 24 in spaced portions 25 
of a block 26 secured within a recess 27 in the lower por 
tion of an upper sleeve 28 mounted on the exterior of 
the drive shaft 10 in a manner to permit the drive shaft 
to rotate therewithin, the upper sleeve being prevented 
from moving axially of the drive shaft 10. As disclosed, 
the sleeve 28 is swivelly connected to the drive shaft 10 
through one or a plurality of sets of balls 29 disposed 
in external races 30 in the periphery of the drive shaft 
and in opposed inner races 31 in the sleeve. The balls 
are insertable into the companion races in a known 
manner, as through openings 32 in the sleeve 28, which 
are then closed by plugs 33 welded to the sleeve. Free 
rotation of the drive shaft 10 within the sleeve 28, when 
such rotation can occur, is insured by disposing radial 
roller bearing elements 34 in races 35 in the drive shaft 
and adapted to roll upon the inner surface 36 of the 
upper sleeve. For the purpose of preventing drilling 
mud and foreign substances from moving freely into the 
clearance space between the drive shaft 10 and outer 
sleeve 28, suitable side seals 37 are provided on the shaft 
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engaging the inner surface 36 of the sleeve at opposite 
sides of the ball bearing and roller bearing elements 29, 
34. A radial bleeder hole 38 may be provided through 
the sleeve 28 to the region between the roller bearing 
elements 34 to allow egress of any drilling mud, or other 
fluids, that may have entered the sealed regions between 
the sleeve 28 and the drive shaft 10. 
The upper lever 21 is bifurcated, with its arms 40 

straddling the upper end of the lower lever 22, there 
being a pin 41 extended through aligned bores 42 in the 
arms and passing through a longitudinal slot 43 in the 
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lower lever arm. The lower end of the lower lever 
arm 22 is mounted upon a hinge pin 44 extending be 
tween and disposed in aligned bores 45 in spaced por 
tions 46 of a block 47 received in an end recess 48 in a 
lower lever arm. The lower end of the lower lever 
block 47 being welded, or otherwise suitably attached, 
to the sleeve 49. Endwise movement of such hinge pin 
23, 44 is prevented by retainer screws 50 secured in the 
blocks. The lever arms 21, 22 themselves are urged 
toward their retracted position by upper and lower leaf 
retractor springs 51 engaging the outer surfaces of the 
arms 21, 22 and secured to the blocks 26, 47 in any suit 
able manner, as by clamping the ends of the springs 
between the blocks and clamp elements 52 fastened to 
the blocks by screws 53. - 
The drive shaft 10 may also rotate within the lower 

sleeve 49 when uncoupled therefrom, as described here 
in below. The upper portion of this sleeve engages a 
plurality of radial roller thrust bearings 54 mounted in 
races 55 in the drive shaft, the sleeve also engaging a 
lower set of radial thrust bearings 55 mounted in races 
57 in the drive shaft 0.: The lower end of the sleeve 
49 is connected by a swivel 58 to a lower actuating sleeve 
59 surrounding the drive shaft 10. Thus, sets of ball 
bearing elements 60 are mounted in external raceways 
61 in the reduced diameter upper portion. 62 of the 
actuating sleeve 59 and in inner races 63 in the upper 
sleeve 49, there being suitable side seals 64 in the actuat 
ing sleeve disposed on opposite sides of the ball elements 
60 and engaging the inner wall of the sleeve 49 to pre 
vent ready entry of drilling mud and other foreign sub 
stances into the ball races. However, a suitable bleeder 
hole 65 may also be provided through the sleeve 49 be 
tween the upper and lower seals 64 to insure the dispel 
ling of foreign substances, to prevent their interference 
with the free rolling action of the balls 60 in the opposed 
races 61, 63 upon relative rotation between the drive shaft 
10 and actuating sleeve 59 and the relatively stationary 
sleeve member 49. 
The actuating sleeve 53 is movable longitudinally along 

the drive shaft 19, but is rotatable therewith, the longi 
tudinal movement occurring for the purpose of shifting 
the lower stationary sleeve 439 upwardly along the drive 
shaft 10 to cause outward expansion of the actuating 
arms 21, 22 and engagement of the upper end of the lower 
arm 22 with the wall of the well bore C, in order to shift 
the remainder of the apparatus laterally in the opposite 
direction. The upper portion of the arm 22 may have 
longitudinally extending teeth 67 thereon capable of 
gripping the wall of the hole C and resisting or preventing 
rotation of the arms 21, 22 in the hole C. Longitudinal 
movement of the actuating sleeve 59 along the shaft 10 
is permitted, but its relative rotation is prevented by a 
slidable splined connection between these members. Op 
posed keys 63 are secured to the drive shaft 9, as by 
means of screws 69, these keys being received in elon 
gate slots 70 in the actuating sleeve 59. Accordingly, 
rotation of the drive shaft 10 will carry the actuating 
sleeve 59 with it, but the sleeve 59 can still be shifted, 
as described hereinbelow, upwardly and downwardly of 
the drive shaft 10. 

Normally, the actuating sleeve 59 and the lower sta 
tionary sleeve 49 swively connected thereto occupy a 

4 
ing arms 21, 22 are il their retracted position. When in 
this condition, the lower sleeve 49 is releasably coupled 
to the drive shaft 18. Thus, a two-part clutch ring 72 
extends into a peripheral groove 73 in the drive shaft 
29 and is secured to the sleeve member 49 by means of 
screws 74, or the like. This clutch ring 72 has depend 
ing axial clutch teeth 75 thereon adapted to mesh with 
companion clutch teeth 76 at the upper end of a lower 
two-piece clutch ring 77 disposed in the peripheral groove 
3 of the drive shaft and secured to the latter by screws 

78. The clutch teeth 75, 76 can only mesh at one angu 
lar position of the sleeve 49 on the shaft 10. When 
the sleeve 49 is in the lower position along the drive 
shaft i8, and with the actuating arms 21, 22 retracted, 
the clutch teeth are engaged so that the sleeves 28, 49 
and arms 21, 22 cannot move circumferential relative 
to the drive shaft. However, when the actuating sleeve 
59 moves upwardly on the drive shaft 10, it carries the 
lower sleeve 49 upwardly with it to disengage the teeth 
75 of the driven clutch member 72 from the companion 
teeth 76 of the driving clutch member 77 fixed to the 
drive shaft 18; whereupon the drive shaft can rotate 
without rotating the sleeve member 49, as well as with 
out rotating the actuating arm 22 pivotally connected 
thereto. The upper sleeve 23, to which the other ac 
tuating arm 21 is pivotally connected, is never coupled 
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for rotation directly to the drive shaft 9. It will, how 
ever, rotate with the drive shaft 26 whenever the driving 
and driven clutch members 77, 72 are engaged, since it is 
connected to the lower sleeve 49 through the links or 
arms 21, 22. 
The actuating sleeve 59 is shifted upwardly along the 

drive shaft 9 as a result of pressure developed within 
the latter. Thus, the lower portion of the actuating 
sleeve 59 constitutes an annular hydraulic cylinder 80, 
the upper head 81 of which is slidable along the periph 
ery of the drive shaft 10, there being a suitable side 
Seal ring 82 on the drive shaft engaging the inner sur 
face of the cylinder head. The cylinder also includes 
a skirt portion 83 depending from the head 8 and slid 
able along an annular piston 84 disposed below a plurality 
of side ports 85 extending through the tubular drive shaft 
8 from its central passage 3 to the cylinder space 86 

between the piston and the cylinder head. The piston 
84 is prevented from moving downardly along the drive 
shaft by resting upon a split lock ring 87 disposed in a 
peripheral groove 88 in the drive shaft 10. Leakage 
of fluid between the drive shaft 9 and piston 84 is pre 
vented by an inner seal ring 89 in the piston engaging 
the periphery of the drive shaft, whereas leakage of fluid 
between the piston and the cylinder skirt 83 is prevented 
by a piston ring 90 mounted in the piston and slidably 
Sealing against the inner wall 95 of the cylinder skirt. 
The cylinder 80 and actuating sleeve 59 are urged in a 

downward direction by a helical compression return spring 
92 disposed in the annular space between the drive shaft 
18 and the cylinder skirt 83. The upper end of the spring 
engages an upper spring seat 93 bearing against the piston 
retaining ring 87, the lower end of the spring bearing 
against a lower spring seat 94 resting upon a split snap 
or lock ring 95 disposed in a groove 96 in the lower end 
of the cylinder skirt 83. 
When fluid under pressure is allowed to enter the cylin 

der space 86 through the ports 85, it will urge the cylinder 
80 and actuating sleeve 59 upwardly against the force of 
the helical spring 92 to disconnect the clutch 72-77 and 
shift the lower hinge pin 44 toward the upper hinge pin 
23, thereby causing the arms 21, 22 to move outwardly 
against the wall of the well bore. When the fluid pres 
Sure is relieved, the spring 92 will reexpand and shift the 
actuating sleeve 59 and the lower sleeve 49 in a down 
ward direction to reengage the clutch and retract the actu 
ating arms 21, 22. 
The side ports 85 are closed initially by a sleeve valve 

lower position on the drive shaft 10, in which the actuat- 75 member 98 disposed thereacross, there being side seal 
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rings 99 on the member 98 on opposite sides of the ports 
slidably and sealingly engaging the inner wall of the 
passage 58 through the tubular drive shaft or mandrel 
10. This sleeve 98 is held in an upper position on the 
drive shaft 10 and across the ports 85, to close the same, 
by a helical compression spring 90 bearing against a 
shoulder 68 on the sleeve 98 and also bearing against a 
lower shoulder or flange 02 extending outwardly from a 
pressure controlling choke or orifice member 63 rest 
ing upon a stop ring 104, such as a split snap ring, dis 
posed in a groove 85 in the drive shaft member . The 
pressure controlling choke member 103 extends upwardly 
from its flange 162 and within the spring 98, and is 
adapted to receive a control choke or orifice 386 in its up 
per portion having a passage area less than the area of 
the passage S through the tubular drive shaft thereabove. 
The control choke or orifice member 103 is retained in 
its lower position against the lower stop ring 104 by the 
spring 100. When the sleeve valve member 98 is in 
its upper position, it is spaced from the upper end of the 
control choke member 183. Disposed within the sleeve 
valve is a second orifice or choke member 107 having 
a plurality of circumferentially spaced longitudinal inner 
ribs 168 therein, the intermediate portion A69 of these 
ribs tapering in a downward and inward direction to pro 
vide a seat for an activating choke or orifice member 9 
adapted to be lowered or dropped down through the drill 
ing string B and to come to rest against the seat 99. 
This activating choke 9 has an orifice opening of a 
Substantially lesser area than the area through the upper 
orifice 97 and the lower orifice 66. Actually, the area 
through the upper orifice 187, when the activating orifice 
110 is not seated therewithin, is greater than the area 
through the lower orifice 63. As a result, the fluid 
pumped down through the tubular drilling string B and the 
tubular drive shaft 16, for discharge through the drill bit 
D, cannot build up a sufficient pressure differential across 
the sleeve 98 to overcome the force of the spring 109 and 
effect a downward shifting of the sleeve valve 98 to a 
port opening position. The pressure drop through the 
upper and lower orifices 107, 13 occurs in two stages, 
there being one pressure drop through the upper orifice, 
followed by an additional pressure drop through the lower 
orifice. Although the total pressure drop through both 
chokes 107, 103 is relatively great, the pressure drop 
through the upper orifice 107 alone, however, is insuffi 
cient to overcome the upward holding force of the spring 
09, and the sleeve valve 98 will, therefore, remain in its 

port closing position. As a result, when the apparatus 
is not being employed to effect a deviation of the hole 
(with the arms 2, 22 in their retracted position), a 
fairly large effective passage area is present through the 
apparatus to insure an adequate supply of drilling fluid 
to the drill bit D and the bottom E of the hole C, for the 
purpose of effectively removing the cuttings and to cool 
and lubricate the drill bit. 
When deflection is desired, the smaller activating orifice 

or choke 110 is dropped down the drill string B and will 
come to rest on the seat 89 in the upper orifice member 
197 and sleeve valve 98, restricting the passage through 
the latter. Accordingly, the pumping of fluid down 
through the apparatus and through this activating choke 
19 of restricted bore will result in a sufficient pressure 
differential being developed across the sleeve valve 98 
to shift it downwardly against the force of the spring 100, 
and thereby open the ports 85. With the ports open and 
with a sufficient pressure developed in the passage 18 of 
the tubular drive shaft 10, fluid under pressure will act 
in an upward direction on the cylinder head 8 and shift 
the cylinder 80 and the actuating sleeve 59 upwardly, 
carrying the lower sleeve 49 upwardly with it in order to 
shift the lower lever arm 22 upwardly relative to the 
upper lever arm 21. The elongate slot 43 and pin 41 pro 
vide a lost-motion connection between the upper and 
lower arms 21, 22, such that the sleeves 59, 49 and lower 
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arm 22 move upwardly before the lower arm at the end 
of its slot engages the pin 41, to insure the disconnection 
of the clutch 72-77 before the lower arm 22 engages the 
pin 4, the pin connection then causing the arms 21, 22 
to Swing laterally outwardly to force the upper end of the 
lower arm 22 against the wall of the hole C, and therefore 
shift the tubular drive shaft 10 in a diametrically opposite 
direction toward the opposite wall of the hole, causing 
the driil bit D to drill a hole angled in the direction in 
which the arms 2, 22 have been expanded. To insure 
that the actuating arms 21, 22 will move outwardly, a cam 
or protuberance 20 is provided on the drive shaft 10, 
which the upper end of the lower arm 22 will engage when 
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the lower arm is moved upwardly by the actuating sleeve 
59 and stationary sleeve member 49. The upper end of 
the lower arm will engage the cam 120, which will then 
swing both actuating arms 2, 22 laterally outwardly to 
some extent, there then being an obtuse angle formed be 
tween the arms so that upon engagement of the arm por 
tion of the ever 22 at the lower end of its slot 43 with the 
pin 41, lateral outward expansion of both actuating arms 
21, 22 and engagement of the teeth 67 on the lower arm 
with the wall of the hole C are assured. 
When the pressure in the tubular drive shaft 10 is re 

lieved, the spring 60 will shift the sleeve valve 98 up 
wardly to its closed position across the ports 85, and the 
return spring 92 will shift the actuating sleeve 59 and the 
stationary sleeve 49 in a downward direction to effect re 
traction of the actuating arms 21, 22 and reengagement 
of the driving and driven clutch members 77, 72. To in 
sure return of the actuating sleeve 59, a bleeder choke 
orifice 22 is secured in the cylinder sleeve 83, establish 
ing communication between the annular cylinder space 
86 and the exterior of the cylinder, allowing fluid to bleed 
from the cylinder space 86 upon lowering of the sleeve 
59 by the spring 92 from the position shown in FIG. 4a. 
to its initial position disclosed in FIG. 2a. Similarly, to 
prevent drilling fluid and other substances from interfering 
with movement of the actuating sleeve 59, both upwardly: 
and downwardly along the tubular drive shaft 10, a suit 
able bleeder hole 123 is provided in the skirt in communi 
cation with the spring chamber. 

in the use of the apparatus A, it is connected in the 
drilling string B near the drill bit D, the parts occupying 
the position shown in FIGS. 1, 2 and 2a, the activating 
choke 10 not having been placed within the upper ori 
fice member 07 and sleeve valve 98. When the drill 
bit D reaches the bottom E of the hole, drilling can 
proceed in a normal manner without actuating the direc 
tional drilling apparatus A at all. Rotation of the ap 
paratus A can occur, inasmuch as its arms 21, 22 are in 
their retracted position and are disposed within the con 
fines of the upper and lower sleeves 28, 49. In fact, 
the entire directional drilling apparatus A rotates as a 
unit with the remainder of the drilling string B and the 
drill bit D. The area through the upper and lower orifices 
107, 103 is sufficient to insure the supply of adequate 
drilling fluid to the drill bit D and the bottom E of the 
hole. 
When deviation of the hole is desired, the tubular drill 

string B and the tubular drive shaft 10 are turned so 
that the actuating arms 21, 22 are properly oriented within 
the hole C, to insure the deflection of the hole in the 
proper direction. This can be determined inasmuch as 
the clutch teeth 75, 76 engage one another in a particular 
position. When the clutch is engaged, the sleeves 28, 49 
and the arms 21, 22 will always occupy a fixed circum 
ferential position upon the tubular drive shaft. 10. The 
activating choke or orifice 10 can then be dropped in the . 
drill string B and pumped downwardly therethrough into 
engagement with its companion seat 109 in the upper ori 
fice member 107, all without turning the drill string B 
and the tubular shaft 10. The pumping of fluid at the 
required rate downwardly through the drill string B will 
then develop sufficient back pressure on the upstream 
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and through which said tubular member extends; coen 
gageable clutch means on said member and sleeve to pre 
vent rotation of said member relative to said sleeve; bore 
hole wall engaging means externally of and rotatable on 
said tubular member and connected to said sleeve and 
shiftable outwardly against the wall of the bore hole; 
means mounting said wall engaging means on said tubular 
member for lateral movement outwardly against the wall 
of the bore hole to offset the tubular member relative 
to the axis of the bore hole and to permit rotation of 
Said tubular member relative to said wall engaging means; 
and means for shifting said sleeve upwardly on said 
tubular member to disengage said clutch means and shift 
said wall engaging means against the wall of the bore hole. 

4. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; a sleeve rotatable on said mem 
ber and through which said tubular member extends; 
coengageable clutch means on said member and sleeve 
to prevent rotation of said member relative to said sleeve; 
link means externally of and rotatable on said tubular 
member and shiftable outwardly against the wall of the 
bore hole; means mounting said link means on said tubu 
lar member for lateral movement outwardly against the 
wall of the bore hole to incline the tubular member 
relative to the bore hole axis and to permit rotation 
of said tubular member relative to said link means; 
means connecting said link means to said sleeve; and 
means for shifting said sleeve upwardly on said tubu 
lar member to disengage said clutch means and shift 
said link means against the wall of the bore hole. 

5. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; a sleeve rotatable on said mem 
ber; coengageable clutch means on said member and 
sleeve to prevent rotation of said member relative to 
said sleeve; link means externally of and rotatable on said 
tubular member and shiftable outwardly against the wall 
of the bore hole; means mounting said link means on 
said tubular member for lateral movement outwardly 
against the wall of the bore hole to incline the tubular 
'member relative to the bore hole axis and to permit 
rotation of said tubular member relative to said link 
means; means connecting said sleeve to said link means 
and comprising a lost-motion connection; and means for 
shifting said sleeve longitudinally of said tubular men 
ber to disengage said clutch means and shift said link 
means against the wall of the bore hole; said lost-motion 
connection insuring disengagement of said clutch means 
before shifting of said link means against the wall of 
the bore hole. 

6. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a tubular string to be dis 
posed in a bore hole; a sleeve rotatable on said member; 
coengageable clutch means on said member and sleeve to 
prevent rotation of said member relative to said sleeve; 
laterally movable means externally of and rotatable on 
said tubular member connected to said sleeve and shift 
able outwardly against the wall of the bore hole; means 
mounting said laterally movable means on said tubular 
member for lateral movement against the wall of the 
bore hole to offset the tubular member relative to the 
axis of the bore hole and to permit rotation of said 
tubular member relative to said laterally movable means; 
and hydraulically operable means including means ex 
ternally of said tubular member and responsive to the 
pressure of fluid in the tubular member for shifting said 
sleeve longitudinally of said tubular member to disengage 
said clutch means and shift said laterally movable means 
against the wall of the bore hole. 

7. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; a sleeve rotatable on said mem 
ber; coengageable clutch means on said member and 
sleeve to prevent rotation of said member relative to 
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said sleeve; link means externally of and rotatable on 
Said tubular member and shiftable outwardly against 
the wall of the bore hole; means mounting said link 
means on said tubular member for lateral movement out 
Wardly against the wall of the bore hole to incline the tu 
bular member relative to the bore hole axis and to per 
mit rotation of said tubular member relative to said 
link means; means connecting said link means to said 
sleeve; and hydraulically operable means including means 
externally of said tubular member and responsive to the 
pressure of fluid in the tubular member for shifting said 
sleeve longitudinally of said tubular member to disen 
gage said clutch means and shift said link means against 
the wall of the bore hole. 

8. In directional drilling apparatus. a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; a sleeve rotatable on said member; 
coengageable clutch means on said member and sleeve 
to prevent rotation of said member relative to said sleeve; 
link means externally of and rotatable on said tubular 
member and shifted outwardly against the wall of the 
bore hole; means mounting said link means on said tubu 
lar member for lateral movement outwardly against the 
wall of the bore hole to incline the tubular member rela 
tive to the bore hole axis and to permit rotation of said 
tubular member relative to said link means; means con 
necting said sleeve to said link means and comprising a 
lost-motion connection; and hydraulically operable means 
responsive to the pressure of fluid in the tubular member 
for shifting said sleeve longitudinally of said tubular mem 
ber to disengage said clutch means and shift said link 
means against the wall of the bore hole; said lost-motion 
connection insuring disengagement of said clutch means 
before shifting of said link means against the wall of the 
bore hole. 

9. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; laterally 
movable means between and connected to said sleeves and 
shiftable laterally outwardly against the wall of the bore 
hole to offset the tubular member relative to the axis of the 
bore hole upon movement of said lower sleeve toward said 
upper sleeve; clutch means connecting said lower sleeve 
to said tubular member when said laterally movable 
means are disengaged from the wall of the bore hole; 
means movable along the exterior of said tubular mem 
ber for shifting said lower sleeve upwardly toward said 
upper sleeve and along said tubular member to disengage 
said clutch means and shift said laterally movable means 
against the wall of the bore hole; and means for moving 
Said movable means along the exterior of said tubular 
member. 

19. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on Said member and 
movable axially relative to said upper sleeve; links pin 
connected to each other and to said sleeves and shiftable 
laterally outwardly to bear one of said links against the 
wall of the bore hole to offset the tubular member relative 
to the axis of the bore hole upon movement of said lower 
sleeve toward said upper sleeve; clutch means connecting 
said lower sleeve to said tubular member when said links 
are removed from the wall of the bore hole; means mov 
able along the exterior of said tubular member for shifting 
said lower sleeve upwardly toward said upper sleeve and 
along said tubular member to disengage said clutch means 
and shift said links outwardly toward the wall of the bore 
hole; and means for moving said movable means along the 
exterior of said tubular member. 

11. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 



3,196,959. 

member; a lower sleeve rotatable on said member; said 
sleeves being movable axially relative to each other; a 
link connected to said lower sleeve; a link connected to 
said upper sleeve; a lost-motion connection connecting 

- Said links to each other; clutch means connecting one of 
said sleeves to said tubular member; and means for shift 
ing said one sleeve toward said other sleeve and along 
said tubular member to disengage said clutch means and 
shift said links toward the wall of the bore hole to engage 
at least one of said links with the bore hole and offset the 
tubular member relative to the axis of the bore hole. 

12. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; laterally 
movable means between and connected to said sleeves and 
shiftable laterally outwardly against the wall of the bore 
hole to offset the tubular member relative to the axis of 
the bore hole upon movement of said lower sleeve toward 
said upper sleeve; clutch means connecting said lower 
sleeve to said tubular member when said laterally mov 
able means is disengaged from the wall of the bore hole; 
and means for shifting said lower sleeve toward said 
upper sleeve and along said tubular member to disengage 
said clutch means and shift said laterally movable means 
against the wall of the bore hole. 

13. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; a link con 
nected to said lower sleeve; a link connected to said upper 
sleeve; a lost-motion connection connecting said links to 
each other; clutch means connecting said lower sleeve to 
said tubular member when said links are in retracted 
position; and means for shifting said lower sleeve toward 
said upper sleeve and along said tubular member to dis 
engage said clutch means and shift said links toward the 
wall of the bore hole and engage at least one of said links 
there with. - 

14. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member; said 
sleeves being movable axially relative to each other; later 
ally movable means between and connected to said sleeves 
and shiftable laterally outwardly against the wall of the 
bore hole to offset the tubular member relative to the axis 
of the bore hole upon movement of one of said sleeves to 
ward said other sleeve; clutch means connecting said one 
of said sleeves to said tubular member when said laterally 
movable means are disengaged from the wall of the bore 
hole; and hydraulically operable means including means 
externally of said tubular member and responsive to the 
pressure of fluid in the tubular member for shifting said 
one of said sleeves toward said other sleeve and along 
said tubular member to disengage said clutch means and 
shift said laterally movable means against the wall of the 
bore hole. 

15. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; a link con 
nected to said lower sleeve; a link connected to said upper 
sleeve; a lost-motion connection connecting said links to 
each other; clutch means connecting said lower sleeve to 
said tubular member when said links are in retracted posi 
tion; and hydraulically operable means communicable 
with the interior of said tubular member and responsive to 
the pressure of fluid in the tubular member for shifting 
said lower sleeve toward said upper sleeve and along 
said tubular member to disengage said clutch means and 
shift said links toward the wall of the bore hole. 
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16. In directional drilling apparatus: a tubular mem 

ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; an upper sleeve rotatable on 
said member; a lower sleeve rotatable on said member; 
said sleeves being movable axially relative to each other; 
a link connected to said lower sleeve; a link connected to 
said upper sleeve; a lost-motion connection connecting 
said links to each other; clutch means connecting one of 
said sleeves to said tubular member; means for shifting 
Said one sleeve toward said other sleeve and along said 
tubular member to disengage said clutch means and shift 
said links toward the wall of the bore hole to offset the 
tubular member relative to the axis of the bore hole; and 
can means on said tubular member engageable by one of 
said links to shift said links laterally outwardly upon 
longitudinal movement of said one link along said tubular 
member. 

17. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; laterally movable means on said 
tubular member adapted to be shifted outwardly against 
the wall of the bore hole to incline the tubular member 
relative to the axis of the bore hole; hydraulically opera 
ble means-on said tubular member shiftable longitudinally 
on said tubular member and connected to said laterally 
movable means to shift said laterally movable means out 
wardly; said tubular member having a port communicat 
ing the interior thereof with said hydraulically operable 
means; a sleeve valve in said tubular member controlling 
the flow of fluid under pressure through said port to said 
hydraulically operable means; an orifice member on said 
tubular member below said sleeve valve; means for re 
stricting the flow of fluid through said sleeve valve to en 
able back pressure to be developed in said tubular member 
to shift said sleeve valve to port opening position; and 
clutch means coupling said hydraulically operable means 
to said tubular member, said clutch means being un 
clutched upon movement of said hydraulicaily operable 
means on said tubular member to shift said laterally mov 
able means. - 

13. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member; said 
sleeves being movable axially relative to each other; 
laterally movable means between and connected to said 
sleeves and shiftable laterally outwardly against the wall 
of the bore hole to offset the tubular member relative to 
the axis of the bore hole upon movement of one of said 
sleeves toward said other sleeve; clutch means connecting 
Said one of said sleeves to said tubular member when 
said laterally movable means are disengaged from the wall 
of the bore hole; hydraulically operable means on said 
tubular member for shifting said one of said sleeves to 
Ward said other sleeve and along said tubular member to 
disengage said clutch means and shift said laterally mova 
bie means against the wall of the bore hole; said tubular 
member having a port communicating the interior thereof 
with said hydraulically operable means; a sleeve valve in 
said tubular member controlling the flow of fluid under 
pressure through said port to said hydraulically operable 
means; an orifice member in said tubular member below 
said sleeve valve; and means for restricting the flow of 
fluid through said sleeve valve to enable back pressure to 
be developed in said tubular member to shift said sleeve 
valve to port opening position, whereby fluid under pres 
sure can pass to said hydraulically operable means to 
actuate the same. 

19. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; a link con 
nected to said lower sleeve; a link connected to said upper 
sleeve; a lost-motion connection connecting said links to 
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each other; clutch means connecting said lower sleeve to 
Said tubular member when said links are in retracted posi 
tion; hydraulically operable means for shifting said lower 
sleeve along said tubular member toward said upper sleeve 
to disengage said clutch means and shift said links toward 
the wall of the bore hole; said tubular member having a 
port communicating the interior thereof with said hy 
draulically operable means; a sleeve valve in said tubular 
member controlling the flow of fluid under pressure 
through said port to said hydraulically operable means; 
an orifice member in said tubular member below said 
sleeve valve; and means for restricting the flow of fluid 
through said sleeve valve to enable back pressure to be de 
veloped in said tubular member to shift said sleeve valve 
to port opening position, whereby fluid under pressure can 
pass to said hydraulically operable means to actuate the 
Sale. 

20. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; an upper sleeve rotatable on said 
member; a lower sleeve rotatable on said member and 
movable axially relative to said upper sleeve; a link con 
nected to said lower sleeve; a link connected to said upper 
sleeve; a lost-motion connection connecting said links to 
each other; said lower sleeve being shiftable along said 
tubular member toward said upper sleeve to shift said 
links toward the wall of the bore hole and offset the 
tubular member relative to the axis of the bore hole; 
clutch means connecting said lower sleeve to said tubular 
member when said links are in retracted position; hy 
draulically operable means on said tubular member com 
prising an annular cylinder swivelly connected to said 
lower sleeve; said tubular member having a port com 
municating the interior thereof with said cylinder; a 
sleeve valve in said tubular member controlling the flow 
of fluid under pressure through said port to said cylinder; 
an orifice member in said tubular member below said 
sleeve valve; and means for restricting the flow of fluid 
through said sleeve valve to enable back pressure to be 
developed in said tubular member to shift said sleeve 
valve to port opening position, whereby fluid under pres 
sure can pass to said cylinder to shift said cylinder and 
lower sleeve upwardly along said tubular member to 
ward said upper sleeve to disengage said clutch means and 
shift said links laterally outwardly. 

21. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; a bore hole wall engaging mem 
ber; means mounting said wall engaging member on said 
tubular member for lateral movement outwardly against 
the wall of the bore hole to incline the tubular member 
relative to the axis of the bore hole and to permit rotation 
of said tubular member relative to said wall engaging 
member; shiftable means connected to said bore hole wall 
engaging member and adapted to be shifted longitudinally 
on said tubular member to shift said wall engaging mem 
ber laterally outwardly, such shiftable means including 
cylinder means communicable with the interior of said 
tubular member and slidably mounted on the exterior of 
said tubular member and responsive to the pressure of 
fluid in said tubular member to be shifted longitudinally 
on said tubular member; and clutch means coupling said 
shiftable means to said tubular member, said clutch means 
being unclutched upon movement of said cylinder means 
on said tubular member to shift said wall engaging 
member. 

22. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
-disposed in a bore hole; bore hole wall engaging means 
relatively movable on said tubular member and shiftable 
outwardly against the wall of the bore hole; means mount 
ing said wall engaging means on said tubular member for 
lateral movement outwardly against the wall of the bore 
hole to incline the tubular member relative to the axis of 
the bore hole and to permit rotation of said tubular mem 
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ber relative to said wall engaging means; hydraulically 
operable means on said tubular member shiftable longi 
tudinally on said tubular member, said hydraulically op 
erable means including means connected to said wall en 
gaging means to shift said wall engaging means outwardly, 
said tubular member having a port communicating the 
interior thereof with said hydraulically operable means; 
a sleeve valve in said tubular member controlling the 
flow of fluid under pressure through said port to said hy 
draulically operable means; means for restricting the flow 
of fluid through said sleeve valve to enable back pressure 
to be developed in said tubular member to shift said sleeve 
valve to port opening position; said restricting means hav 
ing a passage therethrough to permit flow of fluid through 
said tubular member; and clutch means coupling said hy 
draulically operable means to said tubular member, said 
clutch means being unclutched upon movement of said 
hydraulically operable means on said tubular member to 
shift said wall engaging means. 

23. In directional drilling apparatus: a tubular member 
adapted to be incorporated in a drilling string to be dis 
posed in a bore hole; bore hole wall engaging means rela 
tively rotatable on said tubular member and shiftable out 
wardly against the wall of the bore hole; means mount 
ing said wall engaging means on said tubular member 
for lateral movement outwardly against the wall of the 
bore hole to incline the tubular member relative to the 
axis of the bore hole and to permit rotation of said tu 
bular member relative to said wall engaging means; hy 
draulically operable means on said tubular member shift 
able longitudinally on said tubular member, said hy 
draulically operable means including means connected to 
said wall engaging means to shift said wall engaging 
means outwardly, said hydraulically operable means be 
ing communicable with the interior of said tubular mem 
ber; means shiftably mounted in said tubular member for 
restricting flow of fluid through the tubular member to 
enable back pressure to be developed in said tubular mem 
ber for action upon said hydraulically operable means 
to shift the same; clutch means coupling said hydraulically 
operable means to said tubular member, said clutch means 
being unclutched upon movement of said hydraulically 
operable means on said tubular member to shift said wall 
engaging means; said restricting means being shiftable 
from flow restricting relation in said tubular member, 
whereby adequate back pressure in said tubular member 
cannot be developed for securing shifting of said wall en 
gaging means. - 

24. In directional drilling apparatus: a tubular mem 
ber adapted to be incorporated in a drilling string to be 
disposed in a bore hole; bore hole wall engaging means 
relatively rotatable on said tubular member and shiftable 
outwardly against the wall of the bore hole; means mount 
ing said wall engaging means on said tubular member for 
lateral movement outwardly against the wall of the bore 
hole to incline the tubular member relative to the axis 
of the bore hole and to permit rotation of said tubular 
member relative to said wall engaging means; hydraulic 
ally operable means on said tubular member shiftable lon 
gitudinally on said tubular member, said hydraulically 
operable means including means connected to said wall 
engaging means to shift said wall engaging means out 
wardly, said hydraulically operable means being com 
municable with the interior of said tubular member; 
orifice means adapted to be lowered through the drilling 
string into said tubular member for restricting flow of 
fluid through the tubular member to enable back pressure 
to be developed in said tubular member for action upon 
said hydraulically operable means to shift the same; 
clutch means coupling said hydraulically operable means 
to said tubular member, said clutch means being un 
clutched upon movement of said hydraulically operable 
means on said tubular member to shift said wall engaging 
means; said orifice means being removable from said tu 
bular member whereby adequate fluid pressure in said 
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