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In the drilling of oil wells, a rotary bit chips away at 
the rock and earth at the bottom of the bore hole many 
thousands of feet ‘from the surface, the bit being rotated 
about a vertical axis by means of a long tubular drill string. 
The drill string is tubular in order to provide a passage for 
the drilling mud which is pumped through it ‘from the 
surface to the drill bit, where it serves as a drilling lubri 
cant and as a medium to transport drilled particles from 
the bottom of the hole to the ground surface. 
At the great depth involved, the drill string has almost 

no resistence to de?ection by the irregularities encoun 
tered in the strata of earth being drilled. I 

‘In the past, various devices have been assembled with 
the drill bit, and connected with it to the lower end of the 
drill string to provide means ‘for drilling straight down or 
for de?ecting the drill in a desired direction away from 
the vertical as it progressed downwardly. Such devices 
may be referred to all-inclusively as “directional drilling 
systems,” whether they be used for drilling on‘ a slant 
away from‘the vertical, or for drilling straight down by 
using one or more directional drilling systems ‘one below 
the other, or for deflecting the end of the drill string, or 
‘some intermediate part of the ‘drill string, in a desired di 
rection, for purposes other than drilling It will be under 
stood throughout the following speci?cation and the 
claims that the device disclosed herein is not restricted to 
drilling away from the vertical only, nor is it necessarily 
restricted to drilling despite the name “directional drilling 
system,” since the invention is concerned with the de?ect 
ing means and not with the rotary bit at the lower end 
of the drilling assembly. 
The present invention belongs to a class of directional 

drilling systems, previously found to be one of the most 
practical types, in which the de?ecting means is actuated 
by the pressure of a ?uid pumped into the well from the 
surface, generally the drill mud passing down an axial 
passage in the drill string to the bit; however, it will be 
obvious that the device could be actuated by ‘almost any 
?uid pumped down to the point of operation of the 
directional drilling system by any passage convenient in 
the well hole. 
One of'the major objections to mud-actuated directional 

drilling systems known in the past has been the tendency 
of the moving parts in the system to become jammed or 
to be worn away with excessive speed because of particles 
of rock and sand in the drill mud. Devices which operate 
perfectly under test at the ground surface with perfectly 
clean rnud have failed to operate satisfactorily for a 
reasonable period of time when actually placed in use in 
the bottom ‘of an oil well bore; hydraulic machinery can 
not be relied upon if the hydraulically operated parts are 
exposed to a hydraulic liquid ?lled with chunks of rock. 
In the present invention, this objectionable feature is 
avoided by using an oil hydraulic system, completely 
separate from the circulating drilling mud, and protected 
therefrom by liquid tight seals. Operation of the oil hy 
draulic system is controlled by the pressure of the drilling 
mud as it is transmitted through a heavy rubber-like 
bladder. 

In previously known mud-actuated devices, some of the 
actuating parts were subjected to both rotational and 
longitudinal surface friction. It is an advantage of the 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

1 

Patented July 23, 1963 we 

2 
present invention, that the important actuating parts do 
not experience any rotational wear, and ‘are subjected to 
longitudinal surface friction only for the momentary 
period of actuation at the beginning of drilling, and of 
the actuation‘ ‘at the end of drilling. 

In most previously known mud-actuated systems, either 
there have been no bearings for insulating the longitudi 
nally re’ciprocable parts from the rotational movement of 
the‘ drill stringparts, or‘ the bearings used have been un 
reliable after short period of use. The present inventors 
have found that ‘even’ previously known pressure lubricated 
bearings‘ have failed in use, and have traced the di?iculty 
apparently to penetration of the bearing by drill mud 
because of extremely high pressures on the drill mud ‘at 
a depth of several thousand’ feet in the-drill hole. Thus, 
a bearing packed under fairly high pressure at the ground 
surfaceunavoidably‘contains some entrained air, and the 
bearing seals are penetrated and the lubricant spoiled with 
dirt particles‘ at the high pressures far beneath the ground 
surface. It‘is an important object of the present invention 
to provide awbearing suspension for the relatively recip 
rocable parts, whichinsulates them from the rotating 
parts, and- which includes protective sealing means ad 
justable to‘ the pressure of the drilling mud so that the 
hearing may operate-satisfactorily although'exposed to the 
drill mud necessarily circulated through a mud-actuated 
system. 
The drilling sub-assembly is subjected to very large 

longitudinal stresses of tension or compression during 
use. Previously known systems have generally been vul 
nerable to breakage‘ because these stresses have been trans-‘ 
mitted through complex and delicate mechanical struc 
tures‘, or through lateral structure which broke the direct 
vertical transmission of the stress, and subjected parts of 
the drilling sub-assembly to sheer stress. It is an im 
portant object of the present invention to provide a 
directional drilling system in which vertical stresses are 
transmitted in a substantially uninterrupted vertical line 
through a tubular system of substantial wall thickness. 

In the past,-it has been considered a very objectionable 
feature to introduce into the drilling- sub-assembly any 
auxiliary device which substantially increased its length. 
In the present: invention, the separate hydraulic system 
necessarily introduces some additional length, but past ob 
jections tosueh a step'have been overcome by connecting 
the hydraulic system housing to the lower end of the drill 
string by means bf a simple but very strong joint having 
sufficient ?exibility to avoid the ?exing fatigue which 
might otherwise be encountered. 
The foregoing and other objects and advantages of our 

invention will be understood from the following descrip 
tion of a preferred speci?c embodiment, read in view of 
the accompanying drawings, in which: 
FIGURE 1 is a vertical sectional view of a directional 

drilling system constructed according to the invention, 
the upper end, the ball bearings, and certain other parts 
being‘ shown in ‘full elevation rather than end section, and 
other parts being broken away in order to reduce the 
vertical length of the illustration for convenient draw 
ing size, ‘or to reveal components of the assembly; the 
figure shows the different parts of the system as they ap-' 
pear when at rest, without mud pressure or drilling rota 
tion, and without extension of the de?ecting shoe; 
FIGURE 2 is a vertical sectional view corresponding 

to FIGURE ‘1 except that the parts are shown in the 
positions which they assume when mud pressure is on, 
the drill is in rotation, and the shoe has been shifted to 
extended position; 
FIGURE 3 is a horizontal sectional view taken trans 

versely through the directional drilling system at the line 
13-43 as indicated in FIGURE 1; 
FIGURE 4 is a horizontal sectional view taken trans 
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versely through the drilling system at a plane indicated 
by the line 4—4 in FIGURE 1, as viewed looking down 
at the upper ends of the latch system and the two stabiliz 
ing runners carried on a reciprocable part of the direc 
tional drilling system; 
FIGURE 5 is a transverse sectional view taken at a 

horizontal plane indicated by the line 5--5 in ‘FIGURE 
1, looking down upon a section of the de?ecting shoe and 
the shoe extending system, as the latter appear in their 
retracted position; 
FIGURE 6 is a vertical sectional view taken at a diam 

eter, of the ball-type thrust hearing which is used for 
upper and lower hearings in the directional drilling sys 
tem; only the portion to the right of the vertical center 
line is illustrated, since the drawing would be identical 
and symmetrical as to right and left halves; , 
FIGURE 7 is a transverse sectional view, looking 

down from the horizontal plane indicated by the line 
7—7 in FIGURE 6, of the bearing of FIGURE 6, only 
the right half being shown since the drawing would be 
symmetrical about the center line; 
FIGURE 8 is a perspective view of the stationary and 

reciprocable sleeve assembly as seen in the rest position 
with the de?ecting shoe shown retracted into the sleeve 
assembly; 
FIGURE 9 is a perspective view of the sleeve assem 

bly, partially broken away to reveal the interior parts, 
as it appears when telescoped for drilling position, with 
the shoe extended as in FIGURE 2; 
FIGURE 10 is a fragmentary perspective View of a 

stabilizing runner projecting through a slotted opening in 
the side of the assembly; 
FIGURE 1.1 is a vertical sectional view of a detail of 

an anti-rotation latch, as seen at the plane and in the di 
rection indicated by the arrow 11 in FIGURE 4; and 
FIGURE 11a is a perspective view of a section of the 

mandrel showing a latch recess. 
The directional drilling system of the invention is illus 

tratively presented as a whole in the vertical sectional 
views of FIGURES l and 2, and as indicated therein gen 
erally by the numeral 10. The directional drilling sys 
tem is seen to be positioned at the bottom of a drill bore 
hole, not illustrated, between the lower end of the string 
of drill pipes 11, and the rotary bit 12. 
The directional drilling system 10 has a vertical, axial 

passage 13 for the downward ?ow of drill mud to the 
drill bit 12 in the manner which is conventional in well 
drilling, and for the purposes well known to those famil 
iar with the well drilling art. 
The directional drilling system 10 is a continuation of 

the vertical column of the drill string, the vertical or lon 
gitudinal stress-carrying components being, in order 
from the top, a ?exible joint 14, a hydraulic system hous~ 
ing 15, and a tubular mandrel 16. It will be seen that 
one of the advantages of the device of the invention is 
that longitudinal stress is carried directly through parts 
of great strength and large transverse cross-sectional 
area, from the end of the drill string 11 to the bit 12, 
without de?ection of the longitudinal stress through the 
complicated structure sometimes found in previously 
known directional drilling systems. 

De?ection of the drill bit 12 is produced by means of 
a laterally extendable shoe 17, which can be shifted from 
the retracted rest position of FIGURE 1 to an extended 
drilling position, as illustrated in FIGURE 2, when an 
inner reciprocable sleeve assembly, indicated generally by 
the numeral 18, is telescoped into an outer stationary 
sleeve 19 by the action of the hydraulic system in hy 
draulic system housing 15. It will be noted that the ex 
tension action of the hydraulic system and hydraulic sys 
tem housing 15 must take place by overcoming and com 
pressing a long, helical retraction spring ‘20 which oc 
cupies an annular space 211 between the mandrel 16 and 
the reciprocable sleeve assembly 18. 

In order to understand the manner in which the direc 
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4 
tional drilling system 10 operates, it is important to note 
that the reciprocable sleeve assembly 18‘ is supported 
‘on an upper ball bearing 22, so that the reciprocable 
sleeve assembly does not rotate with rotating column com 
prised of hydraulic system housing 15 and tubular mandrel 
16, both of which rotate with the dnill string 11 and the 
bit 12 during drilling operation. Similarly, the stationary 
sleeve 19 is supported without rotation by means of a 
lower ball bearing 23', located just above the bit 12. 
The detailed construction of the directional drilling 

system 10 will now be described in detail beginning with 
the ?exible joint 14 at the upper end of the entire assem 
bly. The ?exible joint is not required to execute any 
large angle of de?ection, but merely to tolerate some de 
?ection without strain or fatigue eat the point of coupling 
between directional drilling system 10 and drill pipe 11. 
One preferred form illustrated is simply comprised of 
two interlocking nipples 3i} and 3-1, which are lined with 
Ia short section ‘or neoprene hose 32, so as to make the 
joint 14 waterproof. The line of interlocking, 33‘ is 
curved and smooth at all points to permit ‘a slight ?exure, 
but at the same time, it provides for su?icient cross sec 
iion of engagement so that the joint 14 has more than the 

required longitudinal strength in compression 
and tension and torque. 
The sectional views of FIGURES l and 2, and the trans 

verse cross sectional View of FIGURE 3 reveal that the 
hydraulic system housing 15 has an enlarged tubular 
cavity 35 at its upper end, and ‘an enlarged mandrel re 
ceiving bore 36 1at its lower end, which are in communica 
tion with each other through an axial passage 37 of re 
duced cross section at a region intermediate the upper and 
lower ends of the hydraulic system housing 15. A pair of 
ports 35a closed by means of threaded plugs, are pro 
vided for charging hydraulic oil to the cavity 35. Hy 
draulic oil is forced into one port at the same time air is 
bled from the other, so as to have no air trapped in the 
hydraulic chamber 35. 

Received into the upper end of the hydraulic system 
housing 15 is a bladder support tube 40, which passes 
through a tubular neoprene bladder 41 clamped to it by 
means of upper ‘and lower bladder clamps 42 and 43‘ re 
spectively. (See also FIGURE 3.) 
The bladder support tube seats at its lower end on a 

shoulder 44, ‘and is retained in position by means of a 
snap ring 45 located at its upper end. 

Drill mud passing through the bladder support tube 40 
is freely admitted to the interior of the bladder 41, or ex 
pelled therefrom into the bladder support tube interior, 
by means of a number of longitudinal passage slots 46‘. 
The annular space in the reservoir chamber 35 ‘around 

the exterior of the tubular bladder 41 is ?lled with oil or 
other suitable hydraulic ?uid, and protected from the 
entry of mud by means of O-ring seals 47 and 48-. 

‘It will be seen from FIGURES l and 2, respectively, 
that the bladder is collapsed when the ‘system is at rest 
and there is no drilling mud pressure, whereas it is ex 
panded so as to expel hydraulic ?uid from the reservoir 
35 when the drilling operation is going on and the drilling 
mud is under pressure. 
Under drilling conditions, with the bladder 4-1 in its ex 

panded condition, as illustrated in FIGURE 2, the hy 
draulic ?uid is expelled from the reservoir 35 under pres- 
sure downwardly through the four longitudinal hydraulic‘. 
?uid passages 50, best seen in the transverse cross-sectional‘. 
view of FIGURE 3. The lower ends of the four passages 
50 discharge the hydraulic ?uid into an enlarged bore 51 
as the lower end of the hydraulic system housing which 
serves as 1a cylinder in which an annular piston 52 is 
reciprocable. 
The vertical sectional view of the piston in FIGURE 1, 

and the front elevational view of FIGURE 2 reveal that 
the piston 52 is provided with O-ning seals 53, 54- and 55, 
and ‘that it has four longitudinal slots. '56, covered by cover 
plates 57, ‘the slots serving to cove-E piston lock pins 58, 
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which insure that the piston 52, although reciprocable, 
will also rotate with the rotating mandrel 16. The length 
of the slots 56 gives some idea of the length of the recipro 
cable movement ‘of the vertically reciprocable parts, in 
cluding ‘reciprocable sleeve assembly 18. 

However, reciprocable sleeve assembly 18 does not 
rotate, being supported from the outer race of the recipro-i 
cable sleeve support bearing 22‘. Longitudinal reciproca 
tion action is transmitted from piston 52, through a 
piston extension sleeve 59 to the inner race of the ball 
bearing 22, the details of ball bearing 22 being described 
hereinafter in connection with a description of FIGURES 
6 and 7. 
The downward displacement of the ball bearing 22, 

together with the longitudinally reciprocable sleeve assem 
bly 18, the piston 52, etc., is resisted by the powerful re; 
tnaction spring 20, which seats at its upper end against 
an upper spring seat ring 60, which is vertically slidable 
on the rotating mandrel 16. ‘Spring 20‘ has its lower end 
locked against longitudinal movement by a lower spring 
seat ring 61 (see FIGURE 2), which is ?xed at one 
position relative to the rotating mandrel 16 by means of 
a locking ring 62 received in an annular groove 63‘ (see 
FIGURE 1) in mandrel 16. 

‘It will be seen from FIGURES l and 2 that the recipno 
cable sleeve assembly 18 is made up principally of an 
upper spring enclosing tube 66 ‘and ‘a lower shoe-carrying 
tube 67 of smaller diameter, the latter being threaded into 
the lower opening of the former at 68 and welded in place 
by the ?let weld 69‘. 

Since the reciprocable sleeve assembly 18 does not 
rotate whereas the mandrel 16 rotates continuously dur 
ing drilling, it is desirable to line the lower shoe-carrying 
tube 67 with a pair of bronze bearings, one at each end, 
indicated by numerals 71 and 72. The shoe 17 is shown 
as being carried on the lower shoe-carrying tube part 67 
of the reciprocable sleeve assembly 18 by means of six 
arms 74 to 79, which are pin-mounted at each end to 
permit the outwardly shifting movement of shoe 17 to the 
laterally extended position as illustrated in FIGURE 2 
‘and also in the perspective view of FIGURE 9. It is 
obvious, however, that the number of pairs of links to 
shoe 17 may be more or less than the three illustrated. 
The downward actuation of the vertically reciprocable 

sleeve assembly 18 would not produce outward extension 
of the shoe 17, if the shoe itself were not held from 
being moved downwardly by means of a holding link 80, 
which is pin connected by pin 81 to the upper end of the 
shoe 17, and is held by pin 82, at its upper end, in a 
manner permitting outward rotation of the holding link 
80* about the axis of '82. The pin 82, seen in cross sec 
tion in FIGURES 1 and 2 and vertical elevation in the 
horizontal sectional view of FIGURE 4, is mounted be 
tween a pair of longitudinal shoulders 83‘ and 85 carried 
on the stationary sleeve 19. 
As previously mentioned, the stationary sleeve 19 

neither rotates nor reciprocates, and therefore must be 
supported (in this case at its lower end) on the outer 
stationary race of the lower ball bearing 23, the inner 
race of ball bearing 23 being carried in rotation with the 
rotary mandrel 16. Since the lower ball bearing 23‘ is 
identical in construction with upper ball bearing 22, and 
is interchangeable therewith, its inner construction will 
be understood from the descriptions hereinafter of FIG 
URES 6 and 7. ‘It will suflice to say at this point that 
the lower ball bearing 23 is held in position in a non 
rotating cylindrical housing ‘90 threaded at 91 against a 
lock ring 92 on stationary sleeve 19‘, by the bit 12 which 
shoulders against the inner race of the lower ball bearing 
23‘ as seen in FIGURE 1. 
An important feature visible from FIGURES '1, 2, 4 

and 11 is the mandrel latch, indicated generally by the 
numeral 100‘, and shown in FIGURE ;1 and FIGURE 11 
in latched position to prevent relative rotation between 
the mandrel 16 and the reciprocable sleeve assembly 18 
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when the tool is not drilling (‘for example, when it is 
being lowered into the hole or withdrawn therefrom). 
InFIGURE 2 (also seen in dashed outline in FIGURE 

11) the latch 100 is shown tilted back to unlatched posi 
tion, downward movement of the reciprocable sleeve as 
sembly 18‘ having displaced the latch pawl 101, against 
the leaf spring 102 so that the pawl 101 has rotated out 
wardly about latch pin 106, and the surface of the latch 
pawl 1051 merely rides on the rotating surface of the man 
drel 16 during drilling. _ 

It will be seen from FIGURE 11, that in locked posi 
tion, as shown in FIGURE 1 the latch pawl 101 is re 
ceived in a slot 105 machined out of the surface of the 
mandrel 16, but note also, in the plan view of FIGURE 
4, that the left side of the slot 105 is shown removed 
so as to insure engagement of the right side shoulder 
upon rotation of the mandrel in a clockwise direction, 
as indicated by the arrow 106 in FIGURE 4. It is im 
portant also to note, in FIGURE '11, that the lower edge 
of the pawl 101, and the corresponding lower shoulder 
of the slot 105, form an inclined plane so that the latch 
100 offers no resistance to downward displacement of 
the reciprocable assembly 18 with respect to mandrel 16, 
as illustrated in the shift from the position to FIGURE 
1 to the drilling position of FIGURE 2; the pawl 10‘1 
merely rides smoothly outward to a de?ected position 
as the lower beveled shoulder of slot 105 (see FIGURE 
11)‘ rises with respect to the pawl. 
The perspective views of FIGURE 8 and FIGURE 9 

show the shoe 17 in retracted, non-drilling position, and 
extended, drilling position, respectively, FIGURE 8 cor 
responding to FIGURE 1 and FIGURE 9 corresponding 
to FIGURE 2. FIGURES 8 and 9, taken in connection 
with FIGURES 1 and 2, had also in connection with the 
sectional view of FIGURE 5, revealed that the six arms, 
74 to 79, which permit the pivoting action of the shoe 
17 are pin mounted on the reciprocable shoe carrying 
tube 67, asindicated in FIGURES S and 8 at 77(a), 
78|(a) and 79(a). 

It will be recalled that the shoe carrying tube 67 is 
permanently connected to the spring enclosing tube 66 
(the lower end of which is visible in FIGURES‘ 8 and 9), 
the two together comprising the reciprocable sleeve as 
sembly 18. . 

The holding link ‘80, on the contrary, is connected at 
pin 82 to the outer stationary sleeve 19. Thus, the lower 
end of the shoe carrying tube 67 is not visible through 
the lower end of the stationary sleeve 19 in FIGURE 8, 
whereas it is visible at that point in FIGURE 9. 
The pin connections of the arms 74 and 719 to the shoe 

carrying tube 67 are given some degree of protection 
from damaging encounters with the bore hole walls by 
longitudinal fenders 11.1 and 112, which extend from 
stationary sleeve 19, on each side of its shoe receiving 
opening 113'. The upper end of the opening 118 is clearly 
seen in FIGURE 8, and the lower end is clearly seen in 
FIGURE 9'. 
FIGURE 10 supplements FIGURES 2, 4 and 5 in 

showing a pair of stabilizing runners 121 and 122 which 
are mounted on the shoe carrying tube 67 as an integral 
part thereof, and which project radially outwardly 
through vertical longitudinal slots 123v and 124, respec 
tively, in the walls of the outer stationary sleeve 19'. The 
runners 121 and 122 are freely reciprocable relative to 
the stationary sleeve 19', slots 123‘ and 124 being of suf 
?cient length to permit the desired reciprocation, as seen 
in FIGURES 1, 2 and ‘10a Runners 121 and 122 can be 
selected as to size to control exact degree of de?ection 
of the drill from the center line of the hole. 
The function of the stabilizing runners 121 and 122 is 

to engage the walls of the bore hole opposite to the side 
thereof upon which the shoe 17 bears. Thus, shoe 17 
can apply a de?ecting pressure toward the right, as viewed 
in the planned sectional view of FIGURE 5, thus push 
ing the axis of the entire directional drill system 10 to 
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the left of the center of the bore hole. The runners 1'21 
and 122 engage the walls of the bore hole permitting 
easier vertical descent during drilling than if the outer 
wall of the stationary sleeve 19‘ had to be pushed along 
the bore hole Wall. ~ 
FIGURES 6 and 7 illustrate in detail the construction 

of the bearing 22, the internal construction of bearing 23 
being identical. Only the right half of the bearing is 
illustrated in FIGURES 6 and 7, the part lying to the 
left of the vertical center line plane 130 being exactly 
the duplicate of the right half illustrated. 

~ The vertical cross-sectional view of FIGURE 6 reveals 
that the bearing 22 has an upper and lower ring of balls 
131 ‘and 132, respectively, which roll in raceways between 
upper and lower race rings 133 and 134, and intermediate 
race ring 135. ' 

The intermediate race ring 135 rotates integrally with 
the tubular mandrel 16, ‘being mounted thereon between 
the piston extension sleeve 59 and the upper spring seat 
ring 60 by means of inner and outer race mounting sleeves 
136 and 137. Upper ‘and lower race rings 133 and 134 
are immovably mounted inside the reciproca'ble sleeve 
assembly 18, which does not rotate, mounting being by 
threaded connection at threads 138 to an outer race ring 
mounting sleeve 139, which is recessed into the interior 
wall of the reciprocable sleeve assembly 18 at 140, being 
retained by an upper retaining ring 141. 
An important feature of novelty of the directional drills 

ing system of the present invention is the provision of 
bearings 22 and 23 which are capable of operating for 
prolonged periods despite the presence of abrasive drill 
mud, ?lled with rock, bits and chips, in the region sur 
rounding the bearings. In the present invention, the pres 
sure of rthe drill mud is utilized to apply lubricant direct 
ly to the ball bearings 131 and 132 under pressure. Lubri 
cant is stored in annular chambers 142 and 143, formed 
between sleeve extensions 133(a) and 134(a) of race 
rings 133 and 134,1and the packing retainer cylinders 145 
and 146. . 

It will be seen from the sectional view of FIGURE 6 
that the packing cylinder 145 is mounted between the 
upper race ring 133 and a packing cover ring 147; a pack 
ing ring 148 periorms a similar role at the lower end of 
bearing 22. Between the packing cylinders 145 and 146 
and the inner rings 136 and 137, packing 149 and 150 
is provided to prevent drill mud from entering the hear 
ing 22. 

Within the annular space 142, the lubricant is sealed 
by a vertically slidable annular piston 151, in the form 
of a ring, seen in FIGURE 6 and in plan view in FIG 
URE 7. The piston 151 is provided with piston rings 
151(a) for sealing drill mud from lubricant as will be 
explained hereafter. A similar piston 152 is provided 
for the lower annular lubricant chamber 143. 

Lubricant trom lubricant chamber 142 reaches the 
raceway of ball bearings 131 by means of a plurality of 
small bore holes 153, one of which is seen in cross sec 
tion in FIGURE 6. Similar passages 154 are likewise 
located in the lower race ring 134. Both lubricant pas 
sages 153 and 154 are obliquely bored in the race rings 
133 and 134 in order to provide clearance of the raceways 
of the balls 131 and 132. 

Pressure is applied to the lubricant in lubricant cham 
bers 142 and 143 by the annular pistons 151 and 152, 
which being freely reciprocable in a vertical direction, 
tend to be urged against the lubricant by the pressure of 
drill mud which reaches the outer surfaces of the pistons 
151 and 152 by way of passages 147(a) and 148(11) 
through the cover rings 147 and 148. The right half 
horizontal sectional view of FIGURE 7 shows parts frag 
mentarily broken away to reveal the annular piston 151, 
but enough of the ring~shaped cover 147 remains to reveal 
one of the mud passages 1474a). 

It will be seen that the drill mud itself applies the 
pressure to supply the bearings 22 and 23 with pressurized 
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8 
lubrication ‘during drilling. Also, the static head at the 
bottom of the well applies a continuous pressure to the 
ring-shaped pistons 151 and 152, equalizing internal and 
external pressure. 
The operation of the directional drilling system is best 

seen in FIGURES 8 and 9, taken in connection with their 
corresponding FIGURES 1 and 2. 
When the drilling system is at rest, or is being inserted 

or retracted Without drilling mud pressure, the bladder 41 
is collapsed as seen in the upper part of FIGURE 1, the 
reciprocable sleeve assembly 18, including spring enclos 
ing tube 66 and shoe carrying tube 67, are upwardly re 
tracted relative to stationary sleeve 19, under the pres 
sure of the spring 20. Thus, as seen in FIGURE 1 and 
also in FIGURE 8, the shoe 17 lies retracted against the 
surface of shoe carrying tube 67 within the opening 113 in 
the stationary sleeve 19. 
When drilling begins, mud pressure in?ates the bladder 

41 operating the hydraulic system within the housing 15 
to downwardly displace the reciprocable sleeve 1assembly 
18, overcoming the pressure of spring 20. As seen in 
FIGURES 2 and 9, this forces shoe 17 outwardly against 
the wall of the bore hole and‘ de?ects the drill string, at a 
point just above the drill bit 12, to an off-center position, 
thus producing the desired directional drilling. 

It will be understood that the foregoing is a description 
of but one speci?c embodiment of the invention. Al 
though many of the details are much preferred, they may 
obviously be omitted or modi?ed :by those skilled in ‘the 
art, for particular applications, without departing from 
the general spirit and scope of the invention. 
The invention is not be limited, therefore, by the great 

‘detail set [forth in the speci?c embodiment illustrated, but 
only by the terms clearly set forth in the following claims. 
We claim: 
1. A directional drilling system for de?ecting a drill 

bit from the center line of a bore hole by means actuated 
by the pressure of a vdrilling liquid, which system includes: 
a tubular mandrel forming a part of the drill string near 
the drilling bit, said tubular mandrel having an axial pas 
sage r?or conducting drilling liquid under pressure from 
the interior of the drill string above it to the ‘drill bit; a 
hydraulic system housing enclosing a hydraulic fluid reser 
voir, said housing being coupled to said mandrel; a dis 
rtensilble bladder forming a conduit passing through said 
hydraulic reservoir chamber and forming part of a ‘drilling 
liquid passage through said hydraulic system housing; an 
annular piston reciprocable on said tubular mandrel adja 
cent said hydraulic system housing; walls integral with 
said hydraulic system housing forming a cylinder enclos 
ing one end of said annular piston, and providing an an 
nular hydraulic actuating chamber ?or actuating said pis 
ton, said hydraulic actuating chamber being in open com 
munication with said hydraulic reservoir chamber but 
separated (from the drilling liquid passage through said 
hydraulic reservoir by said bladder; a bearing of the anti 
friction type having its inner race reciprocable and rotata 
ble With said annular piston, and its outer race recipro 
cable without rotation; a reciprocable structure mounted 
on the outer race of said reciprocable bearing; a helical 
spring encircling said tubular mandrel for a part of its 
length adjacent said reciprocal bearings, and urging said 
annular piston into said hydraulic actuating chamber by 
thrust transmitted through the inner race of said recipro 
cable bearing; anchoring means for anchoring the end of 
said helical spring opposite said reciprocable bearing to 
said tubular mandrel, to constrain said helical spring to 
longitudinal compression when said piston is expelled 
[from said hydraulic cylinder; a reciprocable structure 
mounted on the outer race of said reciprocable bearing 
and reciprocable therewith; a non-reciprocating bearing 
mounted on said tubular mandrel at a point spaced from 
said reciprocable bearing, and having its inner race rotata 
ble with said tubular mandrel, and its outer race rota 
tionally free of mandrel rotation; a longitudinally extend 
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ed shoe for engaging the sidewall of said bore hole, said 
shoe having a retracted rest position adjacent said tubular 
mandrel, and an extended drilling position spaced from 
said tubular mandrel toward the sidewalls of said bore 
hole stationary structure supported on the outer race of 
said non-reciprocable bearing and adapted to remain rela 
tively free of reciprocation and rotation during rotation 
of said tubular mandrel; holding link means between said 
stationary structure and said shoe for preventing said 
shoe from movement longitudinal to said tubular mandrel 
with said reciprocable structure; and link means between 
said reciprocable structure ‘and said shoe for thrusting 
said shoe outwards from its rest position to its bore hole 
wall engaging position upon displacement of said recipro 
cable structure by movement of said hydraulic piston par 
tially out of said hydraulic actuating chamber. 

2. A directional drilling system 1for de?ecting a drill 
bit from the center line of the bore hole by means actuated 
by the pressure of a drilling liquid, which system includes: 
a tubular mandrel forming a part of the drill string near 
the drilling bit, said tubular mandrel having an axial pas 
sage for conducting drilling liquid under pressure from 
the interior of the drill string above it to the drill bit; 
a hydraulic system housing enclosing a hydraulic ?uid 
reservoir, and having an axial passage for the ?ow of 
drilling liquid passing downwardly through said drill 
string; a ldi'stensible bladder forming a conduit passing 
through said hydraulic reservoir chamber and forming 
part of the drilling liquid passage through said hydraulic 
system housing; a bladder support tube disposed in said 
hydraulic reservoir chamber in alignment with and corn 
municating with said drilling liquid passage through said 
hydraulic housing, said ‘bladder support tube having wall 
openings to permit free communication between the in 
terior of said bladder support tube and the interior of 
said bladder; an annular piston reciprocable on said tubu 
lar mandrel adjacent said hydraulic system housing; walls 
integral with said hydraulic system housing forming a 
cylinder enclosing one end of said annular piston, and 
providing an annular hydraulic actuating chamber around 
said mandrel for actuating said piston, said hydraulic actu 
ating chamber :being in open communication with said 
hydraulic reservoir chamber but separated from the drill 
ing liquid passage through said hydraulic reservoir *by 
said bladder; a bearing of the anti-friction type having its 
inner ‘race reciprocable and rotatable with said annular 
piston, and its outer race reciprocable without rotation; 
‘a reciprocable structure mounted on the outer race of 
said reciprocable bearing; a helical spring encircling said 
tubular mandrel \for a part of its length adjacent said 
reciprocable bearing, and urging said annular piston into 
said hydraulic cylinder, by thrust transmitted through the 
inner race of said reciprocable bearing; anchoring means 
for anchoring the end of ‘said helical spring opposite said 
reciprocable bearing to said tubular mandrel, to constrain 
said helical spring to compression when said piston is ex 
pelled from said hydraulic cylinder; a reciprocable struc 
ture mounted on the outer race of said reciprocable ‘bear 
ing and reciprocable therewith; a non-reciprocating bear 
ing mounted on said tubular mandrel at a point spaced 
from said reciprocable bearing, and ‘having its inner race 
rotatable with said tubular mandrel, and its outer race 
rotationally tree of mandrel rotation; a longitudinally 
extended shoe for engaging the sidewall ‘of said bore hole, 
‘said shoe having a retracted rest position ‘adjacent said 
tubular mandrel, and an extended drilling position spaced 
from said tubular mandrel toward the sidewalls of said 
bore hole stationary structure supported on the outer race 
of said non-reciprocable bearing and adapted to remain 
relatively free of reciprocation and rotation during rota 
tion of said tubular mandrel; holding link means between 
said stationary structure and said shoe for preventing said 
shoe from movement lonigtudinal to said tubular mandrel 
with said reciprocable structure; link means between said 
reciprocable structure and said shoe for thrusting said shoe 
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1Q 
outwards from its rest position to its bore hole wall en 
gaging position upon displacement of said reciprocable 
structure by movement of said hydraulic piston partially 
out of said hydraulic cylinder; and longitudinal runner 
means extending outwardly from said reciprocable struc 
ture to bear upon bore hole sidewalls opposite said shoe. 

3. In a drilling system in which drilling liquid is con 
ducted through an axial passage in‘ a rotating drill string 
to a drill bit, at the lower end of said drill string, a drill 
de?ecting means for engaging the side wall of a bore hole 
and de?ecting said drill bit from straight-line drilling, 
which means includes: an elongated hydraulic system 
housing and a tubular mandrel coupled in series as part 
of said drill strin'g near the lower end thereof; a tubular 
bladder longitudinally disposed in said hydraulic system 
housing and forming a part of a drill liquid passage ‘for 
the ?ow of drilling liquid through said drill string to said 
drill bit, said tubular bladder serving as a ?exible but 
impenetrable barrier between said drilling liquid passing 
through said drilling liquid passage and hydraulic fluid 
in an annular hydraulic ?uid reservoir surrounding said 
bladder in said hydraulic system housing; an annular pis 
ton encircling said tubular mandrel and freely reciproca 
ble on said mandrel near said hydraulic system housing; 
walls extending from said hydraulic system housing and 
de?ning a hydraulic actuating chamber for the reception 
of said annular piston, said hydraulic actuating chamber 
being in communication with said annular hydraulic ?uid 
reservoir, and providing for the displacement of hydrau 
lic ?uid from said hydraulic ?uid reservoir to said hy 
draulic actuating chamber when‘ said bladder is distended 
by the passage through its interior of drilling liquid under 
pressure, whereby said annular piston is hydraulically 
‘actuated; a helical spring encircling said tubular mandrel 
adjacent said annular piston, said helical spring having 
one end vertically moveable with said annular piston 
and its opposite end ?xed against longitudinal movement 
with respect to said tubular mandrel, whereby said spring 
urges said piston upwardly into said hydraulic actuating 
chamber and is compressed by the displacement of said 
annular piston; a reciprocable sleeve enclosing said helical 
spring and reciprocable with the moveable end thereof, 
and a stationary sleeve supported on said tubular mandrel 
without vertical reciprocation said reciprocable sleeve 
being telescopically received in said stationary sleeve; a 
pair of bearings between said tubular mandrel and said 
sleeves to permit relative rotation of said mandrel with 
out requiring simultaneous rotation of said telescoping 
sleeves; a vertically elongated shoe for engaging the side 
walls of the bore hole disposed longitudinally on said 
reciprocable sleeve, and projecting through a longitudi 
nal opening in the wall of said stationary sleeve; a plu 
rality of swinging links along each side of said shoe, 
moveably connecting said shoe to said reciprocable sleeve, 
said connecting links permitting the movement of said 
shoe between a retracted position against said reciproca 
ble sleeve and an extended position projecting through 
said shoe opening in said stationary sleeve to engage said 
bore hole sidewalls; and a link means moveably connect 
ing said shoe to said stationary sleeve and restricting the 
movement of said shoe ‘from said rest position to said 
extended position upon the telescoping of said recipro 
cable sleeve and said stationary sleeve by the displace 
ment of said annular piston. 

4. In a drilling system in which drilling liquid is con 
ducted through an axial passage in a rota-ting drill string 
to a drill bit, at the lower end of said drill string, a drill 
de?ecting means for engaging the sidewalls of a bore 
hole and de?ecting said drill bit from straight-line drill 
ing, which means includes: an elongated hydraulic sys 
tem housing and a tubular mandrel coupled in series as 
part of said drill string near the lower end thereof; a tubu 
lar bladder longitudinally disposed in said hydraulic sys 
tem housing and forming a part of ‘a drill liquid passage 
for the flow of drilling liquid through said drill string to 
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said drill bit, said tubular bladder serving as a ?exible 
but impenetrable barrier between said drilling liquid 
passing through said drilling liquid passage and hydraulic 
?uid in an annular hydraulic fluid reservoir surrounding 
said bladder in said hydraulic system housing; an annular 
piston encircling said tubular mandrel and freely recipro 
cable on said mandrel near said hydraulic system hous 
ing; Walls extending from said hydraulic system housing 
and de?ning a hydraulic actuating chamber for the re 
ception of said annular piston, said hydraulic actuating 
chamber being in communication with said annular hy 
draulic ?uid reservoir, and providing for the displace 
ment of hydraulic ?uid from said hydraulic ?uid reser 
voir to said hydraulic actuating chamber when said blad 
der is distended by the passage through its interior of 
drilling liquid under pressure, whereby said annular pis 
ton is hydraulically actuated; a helical spring encircling 
said tubular mandrel adjacent said annular piston, said 
helical spring having one end vertically moveable with 
said annular piston and its opposite end ?xed against 
longitudinal movement with respect to said tubular man 
drel, whereby said spring urges said piston upwardly into 
said hydraulic actuating chamber and is compressed by 
the displacement of said annular piston; a reciprocable 
sleeve enclosing said helical spring and reciprocable with 
the moveable end thereof, and a stationary sleeve sup 
ported on said tubular mandrel without vertical recipro 
cation said reciprocable sleeve being telescopically re 
ceived in said stationary sleeve; a pair of bearings be 
tween said tubular mandrel and said sleeves to isolate 
said telescoping sleeves from the rotation of said mandrel; 
a vertically elongated shoe for engaging the sidewalls of 
the bore hole disposed longitudinally on said reciprocable 
sleeve, and projecting through a longitudinal opening in 
the wall of said stationary sleeve; a plurality of swinging 
links along each side of said shoe, moveably connecting 
said shoe to said reciprocable sleeve, said connecting 
links permitting the movement of said shoe between a 
retracted position against said reciprocable sleeve and an 
extended position projecting through said shoe opening 
in‘ said stationary sleeve to engage said bore hole side 
walls; a link means moveably connecting said shoe to 
said stationary sleeve and restricting the movement of 
said shoe from said rest position to said extended posi— 
tion upon the telescoping of said reciprocable and sta 
tionary sleeves by the displacement of said annular pis 
ton; stabilizing runners mounted on said reciprocable 
sleeve and extending through longitudinal openings on 
said sleeve and said stationary sleeve to engage the walls 
of said bore hole opposite said shoe. 

5. In a drilling system in which drilling liquid is con 
ducted through an axial passage in a rotating drill string 
to a drill bit, at the lower end of said drill string, a drill 
de?ecting means for engaging the sidewalls of a bore hole 
and de?ecting said drill bit from straight-line drilling, 
which means includes: ‘an elongated hydraulic system 
housing and a tubular mandrel coupled in series as part 
of said drill string near the lower end thereof; a tubular 
bladder longitudinally disposed in said hydraulic system 
housing and forming a part of a drill liquid passage for 
the ?ow of drilling liquid through said drill string to said 
drill bit, said tubular bladder serving as a ?exible but 
impenetrable barrier between said drilling liquid passing 
through said drilling liquid passage and hydraulic liquid 
in an ‘annular hydraulic ?uid reservoir surrounding said 
bladder in said hydraulic system housing; an annular pis 
ton encircling said tubular mandrel and freely reciprocable 
on said mandrel near said hydraulic system housing; walls 
extending from said hydraulic system housing and de?n 
ing a hydraulic actuating chamber for the reception of 
said annular piston, said hydraulic actuating chamber be 
ing in communication with said annular hydraulic ?uid 
reservoir, ‘and providing for the displacement of hydraulic 
?uid from said hydraulic fluid reservoir to said hydraulic 
actuating chamber when said bladder is distended by the 
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passage through its interior of drilling liquid under pres 
sure, whereby said annular piston is hydraulically actu 
ated; a helical spring encircling said tubular mandrel 
adjacent said annular piston, said helical spring having one 
end vertically moveable with said annular piston and its 
opposite end ?xed against longitudinal movement with 
respect to said tubular mandrel, whereby said spring urges 
said piston upwardly into said hydraulic actuating cham 
ber and is compressed by the displacement of said annular 
piston; a reciprocable sleeve enclosing said helical spring 
and reciprocable with the moveable end thereof, and a 
stationary sleeve supported on said tubular mandrel with 
out vertical reciprocation said reciprocable sleeve being 
telescopically received in said stationary sleeve; 2. pair of 
bearings between said tubular mandrel and said sleeves 
to isolate said telescoping sleeves from the rotation of said 
mandrel; a vertically elongated shoe for engaging the side 
walls of the bore hole disposed longitudinally on said 
telescoping sleeves; and a plurality of swinging links 
moveably connecting said shoe to said telescoping sleeves, 
said connecting links permitting the movement of said shoe 
between a retracted position against said reciprocable 
sleeve and an extended position projecting to engage said 
bore hole sidewalls in response to the action of said piston; 
means movably connecting said shoe to said stationary 
sleeve to actuate said shoe from a retracted rest position 
to an extended position upon the relative displacement 
of said stationary and reciprocable sleeves by the displace 
ment of said annular piston and latching means for releas 
ably locking said reciprocable sleeve to said tubular man 
idrel for rotation therewith when said reciprocable sleeve 
is upwardly retracted by said helical spring into a position 
corresponding to retraction of said shoe. 

6. In a drilling system in which drilling liquid is con 
ducted through an axial passage in a rotating drill string 
to a drill bit, at the lower end of said drill string, a drill 
de?ecting means for engaging the side walls of a bore 
hole and de?ecting said drill bit from straight-line drilling, 
which means includes: an elongated hydraulic system 
housing and a tubular mandrel coupled in series as part 
of said drill string near the lower end thereof; a tubular 
bladder longitudinally disposed in said hydraulic system 
housing and forming a part of a drill liquid passage for the 
?ow of drilling liquid through said drill string to said drill 
bit, said tubular bladder serving as a ?exible but impenetra 
ble barrier between said drilling liquid passing through said 
drilling liquid passage and hydraulic ?uid in an annular 
hydraulic ?uid reservoir surrounding said bladder in said 
hydraulic system housing; an annular piston encircling 
said tubular mandrel and freely reciprocable on said man 
drel near said hydraulic system housing; walls extending 
from said hydraulic system housing and de?ning a hy 
draulic actuating chamber for the reception of said 
annular piston, said hydraulic actuating chamber being 
in communication with said annular hydraulic ?uid 
reservoir, and providing for the displacement of hydraulic 
?uid from said hydraulic ?uid reservoir to said hydraulic 
actuating chamber when said bladder is distended by the 
passage through its interior of drilling liquid under pres 
sure, whereby said annular piston is hydraulically actuated; 
a helical spring encircling said tubular mandrel adjacent 
said annular piston, said helical spring having one end 
vertically moveable with said annular piston and its op 
posite end ?xed against longitudinal movement with 
respect to said tubular mandrel, whereby said spring urges 
said piston upwardly into said hydraulic actuating cham 
ber and is compressed by the displacement of said annular 
piston; a reciprocable sleeve enclosing said helical spring 
and reciprocable with the moveable end thereof, and a 
stationary sleeve supported on said tubular mandrel with 
out vertical reciprocation said reciprocable sleeve being 
telescopically received in said stationary sleeve; a pair of 
bearings between said tubular mandrel and said sleeves to 
isolate said telescoping sleeves from the rotation of said 
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mandrel; a vertically elongated shoe for engaging the side 
walls of the bore hole disposed longitudinally on said 
telescoping sleeve; a plurality of swinging links moveably 
connecting said shoe to said telescoping sleeves, said 
connecting links permitting the movement of said shoe 
between a retracted position against said reciprocable 
sleeve and an extended position projecting to engage said 
bore hole sidewalls in response to the action of said piston; 
‘and means movably connecting said shoe to said stationary 
sleeve to actuate said shoe fnorn a retracted rest position 
to an extended position upon the relative displacement of 
said stationary and reciprocable sleeves by the displace 
ment of said annular piston. 

7. In a drilling system in which drilling liquid is con 
ducted through an axial passage in a roatating drill string 
to a drill bit at the lower end of said drill string, a 
drill de?ecting means for engaging the sidewalls of a 
bore hole and de?ecting said drill bit from straight-line 
drilling, which means includes: an elongated hydraulic 
system housing forming a part of said drill string at 
the‘lower end thereof, and enclosing an annular reservoir 
for hydraulic liquid; a tubular mandrel coupled at its 
upper end to the lower end of said hydraulic system hous 
ing and at its lower end to the bit-carrying part of 
said drill string; a tubular bladder longitudinally disposed 
in said hydraulic system housing and vforming a part of 
a passage for the ?ow of drilling liquid from said drill 
string through said hydraulic housing to the interior of 
said tubular mandrel and thence to said drill bit, said 
bladder serving as a ?exible but impenetrable barrier 
between said drilling liquid passing through said axial 
drilling liquid passage and hydraulic ?uid in said annular 
hydraulic ?uid reservoir; an annular piston encircling 
said tubular mandrel and freely reciprocable on said 
mandrel near its upper end; walls extending downwardly 
from said hydnaulic system housing and de?ning a hy 
draulic actuating chamber for the reception of the upper 
end of said annular piston, said hydraulic actuating cham 
ber being in communication with said annular hydraulic 
?uid reservoir, and providing for the displacement of hy 
draulic ?uid from said hydraulic ?uid reservoir to said 
hydraulic actuating chamber when said bladder is dis 
tended by the passage through its interior of drilling liquid 
under pressure, whereby said annular piston is hydrauli 
cally actuated downwardly; a helical spring encircling 
said tubular mandrel below said annular piston, said heli 
cal spring having its lower end ?xed against longitudinal 
movement with respect to said tubular mandrel and its 
upper end vertically moveable with said annular piston, 
whereby said spring urges said piston upwardly into said 
hydraulic actuating chamber and is compressed by the 
downward displacement of said annular piston; an upper 
reciprocable sleeve enclosing said helical spring and re 
ciprocable with the upper end thereof, and a lower sta 
tionary sleeve supported on said tubular mandrel with 
out vertical reciprocation, said reciprocable sleeve being 
telescopically received in said stationary sleeve; a pair of 
bearings encircling said tubular mandrel, including an 
upper reciprocable bearing between said annular piston 
and said reciprocable sleeve to isolate said reciprocable 
sleeve from the rotation of said tubular mandrel, and a 
lower non-reciprocable bearing between said tubular man 
drel and said stationary sleeve to isolate said stationary 
sleeve from the rotation of said mandrel; a vertically 
elongated shoe for engaging the sidewalls of the bore 
hole disposed longitudinally on said reciprocable sleeve, 
and projecting through a longitudinal opening in the Wall 
of said stationary sleeve; a plurality of swinging links 
along each side of said shoe, moveably connecting said 
shoe to said reciprocable sleeve, said connecting links 
permitting the movement of said shoe between a re 
tracted position against said reciprocable sleeve and an 
extended position projecting through said shoe opening 
in said stationary sleeve to engage said bore hole side 
walls; and a link means moveably connecting said shoe 
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to said stationary sleeve and restricting the movement 
of said shoe from said rest position to said extended posi 
tion upon the telescoping of said reciprocable sleeve and 
said stationary sleeve by the displacement of said annular 
piston. 

8. In a drilling system in which drilling liquid is con 
ducted through an axial passage in a rotating drill string 
to a drill bit at the lower end of said drill string, a drill 
de?ecting means for engaging the sidewalls of a bore 
hole [and de?ecting said drill bit from straight-line drill 
ing, which means includes: an elongated hydraulic system 
housing forming a part of said drill string at the lower 
end thereof, and enclosing an annular reservoir for hy 
draulic liquid; a tubular mandrel coupled at its upper 
end to the lower end of said hydraulic system housing 
and at its lower end to the bit-carrying part of said drill 
string; a tubular bladder longitudinally disposed in said 
hydraulic system housing and forming a part of a pas— 
sage for the ?ow of drilling liquid from said drill string 
through said hydraulic housing to the interior of said 
tubular mandrel and thence to said drill bit, said bladder 
serving as a ?exible but impenetrable barrier between 
said drilling liquid passing through said axial drilling 
liquid passage and hydraulic ?uid in said annular hy 
draulic ?uid reservoir; an annular piston encircling said 
tubular mandrel and freely reciprocable on said mandrel 
near its upper end; walls extending downwardly from said 
hydraulic system housing and de?ning a hydraulic actuat 
ing chamber for the reception of the upper end of said 
annular piston, said hydraulic actuating chamber being in 
communication with said annular hydraulic ?uid reser 
voir, and providing for the displacement of hydraulic 
?uid from said hydraulic ?uid reservoir to said hydraulic 
actuating chamber when said bladder is distended by the 
passage through its interior of drilling liquid under pres 
sure, whereby said annular piston is hydraulically actuated 
downwardly; a helical spring encircling said tubular man 
drel below said annular piston, said helical spring having 
its lower end ?xed against longitudinal movement with 
res ect to said tubular mandrel and its upper end verti 
cally moveable with said annular piston, whereby said 
spring urges said piston upwardly into said hydraulic 
actuating chamber and is compressed by the downward 
‘displacement of said annular piston; an upper reciprocable 
sleeve enclosing said helical spring and reciprocable with 
the upper end thereof, and a lower stationary sleeve sup 
ported on said tubular mandrel without vertical recipro 
cation, said reciprocable sleeve being telescopically re 
ceived in said stationary sleeve; a pair of bearings en 
circling said tubular mandrel, including an upper recip 
rocable bearing between said annular piston and said re 
ciprocable sleeve to permit relative rotation between said 
reciprocable sleeve and said tubular mandrel, and a lower 
non-reciprocable bearing between said tubular mandrel 
and said stationary sleeve to permit relative rotation be 
tween said stationary sleeve and said mandrel; walls in 
at least one of said bearings de?ning an annular lubricant 
chamber for the storage of lubricant under pressure but 
in communication with the bearing surfaces of said bear 
ing; an annular ring-shaped piston reciprocable in said. 
annular lubricant chamber longitudinally .with respect to 
said tubular mandrel, said annular piston being in open 
communication with drilling mud in said bore hole on 
the end of said annular piston opposite the portion of 
said annular lubricant chamber‘ containing lubricant; a 
vertically elongated shoe for engaging the sidewalls of 
the bore hole disposed longitudinally on said reciprocable 
sleeve, and projecting through a longitudinal opening in 
the wall of said stationary sleeve; a plurality of swinging 
links along each side of said shoe, moveably connecting 
said shoe to said reciprocable sleeve, said connecting links 
permitting the movement of said shoe between a retracted 
position against said reciprocable sleeve and an extended 
position projecting through said shoe opening in said sta 
tionary sleeve to engage said bore hole sidewalls; and 
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a link means moveably connecting said shoe to said sta 
tionary sleeve and restricting the movement of said shoe 
from said rest postiion to said extended position upon 
the telescoping of said reciprocable sleeve and stationary 
sleeve by the displacement of said annular piston. 

9. In a drilling system in which drilling liquid is con 
ducted through ian axial passage in a rotating drill string 
to a drill bit carried in a bit-carrying part at the lower 
end of said ‘drill string, a drill de?ecting means for en 
gaging the sidewalls of a bore hole and de?ecting said 
drill bit from straight-line drilling, which means includes: 
a ?exible coupling comprised of two relatively de?ectable 
parts longitudinally connected to each other, said coupling 
forming a part of said drill string near the lower end 
thereof; a ?exible hose-like conduit means providing 
liquid-tight passage for said drilling liquid through said 
?exible coupling; an elongated hydraulic system housing 
coupled at its upper end to the lower end of said ?exible 
coupling, and enclosing an annular reservoir for hydnaul-ic 
liquid; a tubular mandrel coupled at its upper end to the 
lower end of ‘said hydraulic system housing land at its 
lower end to said bit-carrying part of said drill string; 
a tubular bladder longitudinally disposed in said =hy 
draulic system housing and forming a part of a passage 
for the ?ow of drilling liquid from said drill string 
through said hydraulic housing to the interior of said 
tubular mandrel and thence to said drill bit, said bladder 
serving as a ?exible but impenetrable barrier between said 
drilling liquid passing through said axial drilling liquid 
passage and hydraulic ?uid in said annular hydraulic 
?uid reservoir; an annular piston encircling said tubular 
mandrel and freely reciprocable on said mandrel near its 
upper end; walls extending downwardly from said hy~ 
dnaulic system housing and de?ning a hydraulic actuating 
chamber for the reception of the upper end of said an 
nular piston, said hydraulic actuating chamber being in 
communication with said annular hydraulic ?uid reser 
voir, and providing for the displacement of hydraulic 
?uid from said hydraulic ?uid reservoir to said hydraulic 
actuating chamber when said bladder is distended by the 
passage through its interior of drilling liquid under pres 
sure, whereby said annular piston is hydraulically actu 
ated downwardly; a helical spring encircling said tubular 
mandrel below said annular piston, said helical spring 
having its lower end ?xed against longitudinal movement 
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with respect to said tubular mandrel and its upper end 
vertically moveable with said annular piston, whereby 
said spring urges said piston upwardly into said hydraulic 
actuating chamber and is compressed by the downward 
displacement of said annular piston; an upper recipro 
cable sleeve enclosing said helical spring and reciprocable 
with the upper end thereof, and a lower stationary sleeve 
supported on said tubular mandrel without vertical recip 
rocation, said reciprocable sleeve being telescopically re 
ceived in said stationary sleeve; a pair of bear-lugs en 
circling said tubular mandrel, including an upper recip 
rocable bearing between said annular piston and said 
reciprocable sleeve to permit relative rotation between 
said reciprocable sleeve and said tubular mandrel, and 
a lower non~reciprocable bearing between said tubular 
mandrel and said stationary sleeve to permit relative ro 
tation between ‘said stationary sleeve and said mandrel, 
a vertically elongated shoe for engaging the sidewalls 
of the bore hole disposed longitudinally on said recipro 
cable sleeve, and projecting through a longitudinal open 
ing in the wall of said stationary sleeve; a plurality of 
swinging links along each side of said shoe, moveably 
connecting said shoe to said reciprocable sleeve, said con 
necting links permitting the movement of said shoe be 
tween a retracted position against said reciprocable sleeve 
and an extended position projecting through said shoe 
opening in said stationary sleeve to engage said bore 
hole sidewalls; and a link means moveably connecting 
said shoe to said stationary sleeve ‘and restricting the 
movement of said shoe from said rest position to said 
extended position upon the telescoping of said recipro 
cable sleeve and stationary sleeve by the displacement 
of said annular piston. 
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