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[571 ABSTRACT 
An apparatus for de?ecting the axis of a drill assembly 

_ has a housing and a central shaft inside said housing 
where the shaft has spaced surfaces contoured into the 
outer surface of the shaft. Means are included for 
yieldably attaching one end of the shaft to the outer 
housing. Engaging means are mounted rigidly to the 
interior of the outer housing and in slidable contact 
with the contoured spaced surfaces. Means are also 
provided for moving the shaft along the length of its 
axis so that the contoured variations will cause a 
change in the alignment of the outer housing with re 
spect to the axis of the shaft. 

19 Claims, 9 Drawing Figures 
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‘3,853,186 1 
DRILLING ASSEMBLY DEFLECTION APPARATUS 

BACKGROUND OF THE INVENTION 
In drilling either a vertical or horizontal bore hole, it 

may become necessary to divert the direction of the 
drill. In the case of a vertical bore hole, the diversion 
is generally accomplished by mechanical means, such 
as a whipstock. Such devices are acceptable when only 
a few diversions are required to drill the hole; however, 
when the drill must be continuously guided, the use of 
a mechanical diverter, such as a whipstock, becomes 
uneconomical, since the drill and its associated equip 
ment must be removed from the bore hole each time 
the whipstock is inserted. 
This invention relates to a method for drilling a hori 

zontal'bore hole wherein the drill axis may be altered 
many times before the bore hole is completed. In pa 
tent application Ser. No. 246,297, ?led Apr. 21, 1972, 
for “Drill Hole Guidance System” by Haworth 
Edmond-Poundstone. A system is described for deter 
mining the locaton of a drilling assembly in relationship 
to the top and the bottom of a seam of coal. Means‘ are 
provided to guide the drill by de?ecting the axis of the 
drill so that the assembly will always maintain a prede 
termined distance from the top or the bottom of the 
seam. This invention relates to an improved method for 
deflecting the axis of a drilling assembly through 360°, 
that is, the assembly cannot only be de?ected up or 
down but in any other direction as well. 

BRIEF DESCRIPTION OF THE PRIOR ART 

The patents relating to the above system generally 
fall into two categories. The ?rst category is those pa 
tents which permit de?ection through a single-plane 
and accomplish the de?ection by some mechanical pis 
ton, arm, or the ‘like. An example of this type patent is 
U.S. Pat. No. 3,326,008 to Baran et al. The second cat 
egory of patents relates to devices for changing the di 
rection of the drill through 360°. These inventions gen 
erally accomplish the change by the movement of pis 
tons-and the like which contact the bore hole wall. The 
amount of extension of each of the pistons will deter 
mine the direction the drill will take. Patents illustrative 
of the above are issued to Gaskell et al., US. Pat. No. 
3,141,512; Kostylev et al., US. Pat. No. 3,677,354; and 
Fields, US Pat. No. 3,593,810. In the second category 
also falls most large tunneling machines which have ad 
justable supports for orienting the axis of the drilling 
head of the machines with respect to the axis of the pre 
vious tunnel drilled. ‘This disclosure illustrates a 
method for providing a 360° control over the drilling 

' ‘ axis with a minimum control system which greatly sim 
pli?es the apparatus over that disclosed in any of the 
prior art patents. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1, 2, and 3 represent a complete drilling assem 
bly. FIG. 1 illustrates a thrust system for forcing a hori 
zontal drilling assembly into the formation. FIG. 2 illus 
trates that portion of the drilling assembly which pro 
vides directional control for the drill. FIG. 3 illustrates 
the motor and drilling head for the assembly; 
FIG. 4 is a detailed drawing of the directional control 

' apparatus; 

FIG. 5 is a perspective view of the preferred embodi~ 
ment of the control surface; » 
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2 
FIG. 6 is a cross-sectional view taken through lines 

6-6 of FIG. 4; , 
FIG. 7 is a perspective view of a second embodiment 

of the control surface illustrated in FIG. 5; 
FIG. 8 is a two-dimensioned control surface embodi 

ment; and - 

FIG. 9 is a cross-sectional portion of FIG. 4 illustrat 
ing a modi?ed placement of the contoured surfaces. 
The same numbers will be used for identical parts 

throughout all of the drawings. I 
Referring to all of the drawings but in particular to 

FIGS. 1 through 3, a horizontal thrust unit having a first 
portion 10 and a second portion 11 is interconnected 
by means of hydraulic piston shafts 12 and 13. Inter 
connecting hollow shaft 13 is connected axially and rig 
idly to directional control apparatus 14. Drilling appa 
ratus 15 is rigidly coupled to position sensing appratus 
17 and contains a drill 16 at its terminus. 
The thrust unit comprising ?rst portion 10 and sec~ 

ond portion 11 provides a means for applying pressure 
to drill 16. Thrust unit 10 comprises a plurality of pres 
sure pads-20 on ?rst portion 10 and 21 on second por 
tion 11. Unit 11 contains internally, a hydraulic piston 
(not shown) which is coupled to shaft 13. A plurality 
of similar, hydraulic pistons is also coupled to each of 
the pads 20 and 21. Drilling assembly 15 comprises an 
electric motor 22 and an output shaft 23 which is cou 
pled to the drill shank 24. A mud source 25 is con 
nected through a pipe 26 through an opening 27 in the 
thrust units 10 and 1 1, through an opening 28 in de?ec 
tion unit 14 and through opening 29 to outlet holes 30. 
Flowing out of outlet holes 30, the _mud passes between 
the motor 22 and the housing 31 to the opening 32 in 
the drill shaft. The mud is expelled in openings at the 
terminus of the drill (not shown). 

THRUST UNIT’ 

The thrust apparatus which comprises units 10 and 
11, pads 20 and 21, and piston shaft 13 has thrust con 
trol inlet pipes 35 and thrust control outlet pipes 36. 
Said pipes are connected to thrust control system 37. 
The unit operates as follows: 
Hydraulic pressure is applied to inlet pipes 35, apply 

ing hydraulic pressure to the piston contained in unit 
11, said piston being attached to shaft 13. Simulta 
neously, the pads 21 are forced outwardly against the 
side of the bore hole. Hydraulic ?uid will then increase 
the pressure against the piston ‘inside unit 11, moving 
shaft 13 through the unit in a direction to apply power 
to drill bit 16. When shaft 13 has moved its maximum 
distance, pressure is removed from the'inlet pipes 35 
and applied to the second of the inlet pipes 35. Pressure 
in the second pipes 35 will cause pads 20 to move out 
wardly and engage the wall, rigidly securing unit 10. 
Pressure will then be simultaneously applied to the 
other side of the piston inside unit 11. Pads 21 will be 
in the retracted state, causing unit 11 to move back into 
the original position so that it can reapply pressure to 
hollow‘ shaft 13. 

POSITION SENSING APPARATUS 

Position sensing apparatus 17 is illustrated as being 
attached to the housing ol~ directional control appara 
tus 14. No particular location is absolutely necessary 

. for the placement of the position sensing apparatus, 
however; and it may be placed before or after the direc— 
tional control apparatus. Position sensing apparatus 17 
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contains a horizontal sensor 40, a vertical sensor 41, 
and a roll sensor 42 along with the necessary control 
modules 43 and 44. The equipment used in the position 
sensing apparatus is well known and will not be further 
described. I 

The vertical sensor, however, may be a radioactive 
source capable of detecting the position of the drilling 
assembly in the coal seam. The preferred embodiment 

- utilizes a vertical sensor which detects secondary radia 

tion caused by radioactive shale above and below the 
coal seam. Suitable electrical cables 45 connect the po 
sition sensing apparatus to an instrumentation readout 
panel 46. . ' 

DRILLING APPARATUS 
The drilling apparatus 15 comprises, in the embodi 

ment shown, an electric motor 22 which is connected 
through a shaft 23 to the shank 24 of a drill bit 16. The 
electric motor is powered by suitable electric cables 47 
to a motor power source 48. 

. DIRECTIONAL CONTROL APPARATUS 

The directionalicontrol apparatus is illustrated in de 
tail in FIG. 4 and essentially comprises an inner hollow 
mandrel 50 attached to a tapered mandrel 51 which in 
turn is used to mount the directional control apparatus 
to the preceding unit which, in the above-disclosed em 
bodiment, is the thrust unit. An outer tubular piston 
cylinder 52 is attached to tapered mandrel 51 by any 

_ suitable means such as threads or pins, for example. 
Mounted between tubular piston cylinder 52 and hol 
low mandrel 50 is a tubular piston 53 having a plurality 
of contoured surfaces 54 formed in its outer periphery. 
Enclosing the directional control apparatus is an outer 
casing or housing 55 which is yieldably attached to tu 
bular piston cylinder 52 at one end by means of screws 
56 which pass through enlarged openings 57 and are 

TABLE 1 

Surface “A" Surface “8'' Surface “C" 
X . Y X Y X Y 

0.000 1.375 0.000 1.562 0.000 1.375 
. .025 1.370 .025 1.561 ' .025 1.380 

.050 1.366 .050 1.561 .050 1.385 

.075 1.361 .075 1.560 .075 1.390 

.100 1.357 .100 1.560 .100 1.395 

.125 1.353 .125 1.559 .125 1.400 

.150 1.349 .150 1.557 .150 1.405 

.175 1.345 .175 1.556 .175 1.410 

.200 I 1.342 .200 1.554 .200 1.416 

.225 15338 .225 1.552 .225 1.421 

.250 1.335 ..250 1.550 .250‘ 1.427 

.275 1.332 .275 1.547 .275 1.432 

.300 1.329 .300 1.545 .300 ' 1.437 

.325 1.327 .325 1.542 .325 1.442 

.350 1.324 .350 1.539 .350 1.447 

.375 1.322 .375 1.536 .375 1.453 

.400 1.320 .400 1.532 .400 1.458 

.425 1.318 .425 1.529 .425 1.464 

.450 1.317 .450 1.525 .450 1.469 

.475 1.315 v .475 1.521 .475 1.474 

.500 1.314 .500 1.517 .500 1.479 

.525 1.314 .525 1.513 .525 1.484 

.550 1.313 .550 1.508 .550 1.489 

.575 1.313 .575 1.504 .575 1.494 

.600 1.312 .600- 1.499v .600 1.499 

.625 1.313 .625 1.494 .625 1 504 

.650 1.313 .650 1.489 .650 1 508 

.675 1.314 .675 1.484 .675 l 513 

.700 1.314 .700 1.479 .700 1.517 

.725 1.315 .725 1.474 .725 1.521 

.750 1.317 .750 1.469 .750 1 525 

.775 1.318 .775 1.464 .775 1.529 

.800 1.320 .800 1.458 .800 1.532 

.825 1.322 .825 1.453 .825 1.536 
, .850 1.324 .850 1.447 .850 ' l 539 

.875 1.327 .875 1.442 .875 1.54.2 
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TABLE 2 

Surface “A“ Surface “B” Surface “C" ~ 
X Y X Y X Y 

0.900 1 329 0.900 1.437 0.900 1.545 
.925 l 332 .925 1.432 .925 1.547 
.950 1 335 .950 1.427 .950 1.550 
.975 1.338 ‘.975 1.421 .975 1.552 
1.000 1.342 1.000 1.416 1.000 1.554 
1.025 1.345 1.025 1.410. 1.025 1.556 
1.050 1 349 1.050 1.405 1.050 1.557 
1.075 1353 1.075 1.400 1.075 1.559 
1.100 1.357 1.100 1.395 1.100 1.560 
1.125 1.361 1.125 1.390 1.125 1.560 
1.150 1.366 1.150 1.385 1.150 1.561 
1.175 1.370 1.175 1.380 1.175 1.561 
1.200 1.375 1.200 1.375 1.200 1.562 
1.225 1.380 1.225 1.370 1.225 1.561 
1.250 1.385 1.250 1.366 1.250 1.561 
1.275 1.390 1.275 1.361 1.275 1.560 
1.300 1.395 1.300 1.357 1.300 1.560 
1.325 1.400 1.325 1.353 1.325 1.559 
1.350 1.405 1.350 1.349 1.350 1.557 
1.375 1.410 1.375 1.345, 1.375 1.556 
1.400 1.416 1.400 1.342 1.400 1.554 
1.425 1.421 1.425 1.338 1.425 1.552 
1.450 1.427 1.450 1.335 1.450 1.550 
1.475 1.432 1.475 1.332 1.475 1.547 

. 1.500 1.437 1.500 1.329 1.500 1.545 
1.525 1.442 1.525 1.327 1.525 1.542 
1.550 1.447 1.550 1.324 1.550 1.539 
1.575 1.453 1.575 1.322 1.575 1.536 
1.600 1.458 1.600 1.320 1.600_ 1.532 
1.625 1.464 1.625 1.318 1.625 1.529 
1.650 1.469 1.650 1.317 1.650 1.525 
1.675 1.474 1.675 1.315 1.675 1.521 
1.700 1.479 1.700 1.314 1.700 1.517 
1.725 1.484 1.725 1.314 1.725 1.513 
1.750 1.489 1.750 1.313 1.750 1.508 
1.775 1.494 1.775 1.313 1.775 1.504 

secured by means of flexible-type washers 58. Between 
housing 55 and tubular piston 53 is mounted an engag 
ing means 60. Engaging means 60 essentially comprises 
a ring 61 which is attached to housing 55 by means of 
a screw 62. A plurality of rollers 63 (one for each con 
toured surface 54) is journaled in ring 61 by a shaft 64. 
A biasing spring 70 is mounted between an end ?ange 
71 which is attached to mandrel 50 at its terminus and 
a secondary ?ange 72 which engages the end of tubular 
piston 53 and is free’to slide over the outer surface of 
mandrel 50. The end of tubular housing 55 is sealed by 
an end plate 75. A tubular portion 76 is axially attached 
to end plate 75 and has an extension 77. Flange 71 like 
wise has an extension 78. A ?exible rubber pipe 79 
seals extension 78 to extension 77 and is retained by 
bands 80 and 81, respectively. Tubular piston 53 has a 
plurality of outer‘seals 82 and inner seals 83. A hydrau 
lic inlet pipe 90 is connected by means of a “V” groove 
91 in tubular piston cylinder 52 to a conduit 92 to the 
end of tubular piston 53. . 

It should be noted that the outer diameter of tubular 
piston cylinder 52 is tapered from its mounting to its 
terminus 93 to provide for freedom of movement of the 
housing 55 through 360° without striking the outer di 
ameter of tubular piston cylinder 52, and providing an 
axial movement of approximately 0.8 of a degree. 
Contoured surfaces 54 in the preferred embodiment 

are formed in three places around the circumference of 
piston 53. The surfaces are designed so that axial move 
ment along the mandrel 50 will cause de?ection of the 
outer housing continuously from an axially aligned po 
sition to a 360° rotation. The preferred embodiment ac 
complishes the above by generating ?at surfaces which 
are the mathematical equivalent of a helix. Tables 1 
through 6 provide the mathematical development of 
each of the surfaces as measured along the length of the 
mandrel from point 95 to point 96. ' 
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TABLE 3 TABLE 5 

Surface “A" §urfgcc “13" Surfm“C“ Surface "A" Surface “B“ Surface “C" 
X Y X Y X _Y X Y . X Y X Y 

1.800 1.499 1.800 1.312 1.800 1.499 3.600 1.375 3.600 1.562 3.600 1.375 
1.825 7 1.504 1.825 1.313 1.825 1.494 5 3.625 1.376 3.625 1.558 3.625 1.376 
1.850 1.508 1.850 1.313 1.850 1.489 1 3.650 1.378 3.650 1.555 3.650 1.378 
1.875 1.513 1.875 1.314 1.875 1.484 3.675 1.379 73.675 1.552 3.675 1.379 
1.900 1.517 1.900 1.314 1.900 1.479 3.700 1.381 3.700 1.549 I 3.700 1.381 
1.925 1.521 1.925 1.315 1.925 1.474 3.725 1.382 3.725 1.546 3.725 1.382 
1.950 1.525 1.950 1.317 1,950 1,469 3.750 1.384 3.750 1.543 3.750 1.384 
1.975 1.529 1.975 1.318 1.975 1.464 3.775 1.386 3.775 1.540 3.775 1.386 
2.000 1.532 2.000 1.320 2.000 1.458 10 3-800 1387 3.300 1537 3-300 1337 
2.025 1.536 2.025 1.322 2.025 1.453 3.825 1.389 3.825 1.533 3.825 1.389 
2.050 1.539 2.050 1.324 2.050 1.447 3.850 1.390 3.850 1.530 3.850 1.390 
2.075 1.542 2.075 '1.327 2.075 1.442 3.875 1.392 3.875 1.527 3.875 1.392 
2.100 1.545 2.100 1.329 2.100 1.437 3.900 1.393 3.900 1.524 3.900 1.393 
2.125 1.547 2.125. 1.332 2.125 1.432 3.925 1.395 3.925 . 1.521 3.925 1.395 
2.150 1.550 2.150 1.335 2.150 1.427 3.950 1.396 3.950 1.518 3.950 1.396 
2.175 1.552 2.175 1.333 2.175 1.421 15 3.975 1.398 3.975 1.515 3.975 1.398 
2.200 1.554 2.200 11.342 2.200 1.416 4.000 1.400 4.000 1.512 4.000 1.400 
2.225 1.556 ‘2.225v 1.345 2.225 1.410 4.025 1.401 4.025 1.508 4.025 1.401 
2.250 1.557 2.250 _1.349 2.250 I- 1.405 4.050 1.403 4.050 1.505 4.050 1.403 
2.275 1.559 2.275 1.353 2.275 1.400 4.075 1.404 4.075 1.502 4.075 1.404 
2.300 1.560 2.300 1.357 2.300 1.395 4.100 1406 4-100 1-499 4.100 L406 
2.325 1.560 2.325 1.361 2.325 1.390 4.125 1.407 4.125 1.496 4.125 1.407 
2.350 1.561 2.350 1.366 2.350 1.385 20 4.150 1.409 4.150 1.493 4.150 1.409 
2.375 1.561 2.375 1 1.370 2.375 1.380 4.175 1.410 4.175 1.490 4.175 1.410 
2.400 1.562 2.400 1.375 2.400 1.375 4.200 1.412 4.200 1.487 4.200 1.412 
2.425 1.561 2.425 1.380 2.425 1.370 4.225 1.414 4.225 1.483 4.225 1.414 
2.450 1.561 2.450 1.385 2.450 1.366 4.250 1.415 4.250 1.480 4.250 1.415 
2.475 1.560’ 2.475 1.390 2.475 ' 1.361, 4.275 1.417 4.275 1.477 4.275 1.417 
2,500 1,560 2,500 1,395 2,500 1,357 4.300 1.418 4.300 1.474 4.300 1.418 
2,525 1,559 2,525 1,400 2,525 1,353 2'5 4.325 1.420 4.325 1.471 4.325 1.420 
2,550 1,557 1,405 2,550 1,349 4.350 ' 1.421 1.468 1.421 
2.575 1.556 2.575 1.410 2.575 1.345 4375 1423 4-375 1465 4-375 1423 
2,600 1,554 2,600 1,416, 2,600 _ 1,342 4.400 1.425 4.400 1.462 ‘ 4.400 1.425 
2.625 1.552 2.625 1.421‘ 2.625 . 1.338 4.425 1.426 4.425 1.458 4.425 1.426 
21350 1,550 2,650 1,427 2,550 1,335 4.450 1.428 4.450v 1.455 4.450 1.428 
2.675 1.547 2.675 1.437 2.675 1.332 

30 

35 

TABLE 4 TABLE 6 

5.21m 11A" may? "B" 5.11m “C" 40 Surface “A“ Surface “8" Surface “C“ 
X ' .Y X Y X . Y X Y X Y Y 

2.700 1.545 2.700 1.437 2.700 1.329 4.475 1.429 4.475 1.452 4.475 1.429 
2.725 1.542 2.725 1.442 2.725 1.327 4.500 1.431 4.500 1.449 4.500 1.431 
2.750 1.539 2.750 1.447 2.750 1.324 4.525 1.432 4.525 1.446 4.525 1.432 
2.775 1.536 2.775 1.453 2.775 1.322 4.550 1.434 4.550 1.443 4.550 1.434 
2.800 1.532 2.800 1.458 2.800 1.320 45 4.575 1.435 4.575 1.440 4.575 1.435 
2.825 1.529 2.825 1.464 2.825 1.318 4.600 1.437 4.600 1.437 4.600 1.437 
2.850 1.525 2.850 1.469 2.850 1.317 4.625 1.437 4.625 1.437 4.625 1.437 
2.875 1.521 2.875 1.474 2.875 1.315 4.650 1.437 4.650 1.437 4.650 1.437 
2.900 1.517 2.900 1.479 ' 2.900 1.314 4.675 1.437 4.675 '1.437 4.675 1.437 
2.925 1.513 2.925 1.484 2.925 1.314 4.700 1.437 4.700 1.437 4.700 1.437 
2.950 1.508 2.950 1.489 2.950 1.313 4.725 1.437 1.725 1.437 4.725 1.437 
2.975 1.504 2.975 1.494 2,975 1,313 50 4.750 . 1.437 4.750 1.437 4.750 1.437 
3.000 1.499 3.000 1.499 3.000 1.312 4.775 1.437 4.775 1.437 4.775 1.437 
3.025 1.494 3.025 1.504 3.025 1.313 4-800 L437 4300 L437 4300 1437 
3.050 . 1.489 3.050 1.508 3.050 1.313 4.825 1.437 4.825 1.437. 4.825 1.437 
3.075 1.484 3.075 1.513 3.075 1.314 4.850 1.437 4.850 1.437 4.850 1.437 
‘3.100 1.479 3.100 1.517 3.100 1.314 4.875 1.437 ‘4.875 1.437 4.875 1.437 
3.125 1.474 3.125 1.521 3.125 1.315 4.900 1.437 4.900 1.437 4.900 1.437 
3.150 1.469 3.150 1.525 3.150 1.317 4.925 1.437 4.925 1.437 4.925 1.437 
3.175 1.464 3.175 1.529 3.175 1.318 55 5.950 1.437 5.950 1.437 5.950 1.437 
3.200 1.458 3.200 1.532 3.200 1.320 5.975 1.437 5.975 1.437 5.975 1.437 
3.225 1.453 3.225 1.536 3.225 1.322 5.000 1.437 5.000 1.437 5.000 1.437 
3.250 1.447 3.250 1.539 3.250 1.324 5.025 1.437 5.025 1.437 5.025 1.437 
3.275 1.442 3.275 1.542 3.275 1.327 5.050 1.437 5.050 1.437 5.050 1.437 
3.300 1.437 3.300. 1.545 . 3.300 1.329 5.075 1.437 5.075 1.437 5.075 1.437 
3.325 1.432 3.325 1.547 3.325 1.332 5.100 1.437 5.100 1.437 5.100 1.437 
3.350 1.427 3.350 1.550 3.350 1.335 60 1 
3.375 1.421 3.3751 1.552 3.375 1.338 
3.400 1.416 3.400 1.554 3.400 1.342 
3.425 1.410 3.425 1.556 3.425 1.345 
3.450 1.405 3.450 1.557 3.450 1.349 
3.475 1.400 3.475 1.559 3.475 1.353 
3.500 1.395 3.500 1.560 3.500 1.357 
3.525 1.390 3.525 1.560 3.525 1.361 65 
3.550 1.385 3.550 1.561 3.550 1.366 
3.575 1.380 3.575 1.561 3.575 1.370 
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The above tables are computed on the basis of roller 
63 being 0.25 inch in diameter and the surfaces being 
formed by a milling cutter having the same diameter as 
the rollers. If different diameter rollers are utilized or 

_ a different diameter millingcutter used .to form the sur 
faces, then the tables must be modi?ed to accommo 
datevthe above set out variations. ’ 

Referring to Tables 1 through 6 (see FIG. 5), the 
three surfaces are de?ned as Surface A, Surface B, and 
Surface C. Each of the surfaces has its coordinates de 
fined by “X”. and “Y,” “X” being the distance in 
inches as shown between points 95 and 96. “Y” is the 
sum of the distance 97 from the axis 98 of tubular pis 
ton 53 and the radius of the .25 inch diameter milling 
cutter. ' 

OPERATION 

The directional controlapparatus illustrated in FIGS. 
‘1 and 4 through 6 operates as follows: 

Hydraulic pressure applied thorugh pipe 90 is applied 
to V-shaped groove 91, conduit 92 and into the cham 
ber formed by tubular piston 52 and hollow mandrel 
50. Hydraulic pressure, when applied to the face of pis 
ton 53, will cause the piston to move in the direction 
of the spring. The distance it will move will be deter 
mined by the frictional lossesin the system and by the 
spring bias supplied by spring 70. In the unpressured 
state, rollers 63 will be all equal distance from the axis 
98, thereby causing the axis of housing 55 to coincide 
with axis‘98, resulting in the electric drill and bit 14 
drilling a straight hole. If it is desired to de?ect the di 
rection of the drill, hydraulic ?uid ?lling tube 90 will 
be pressured, forcing piston 53 to move by an amount 
necessary to balance the bias on spring 70. Rollers 63 
following contoured surfaces 54 will be moved in ac 
cordance with these contoured surfaces. As they are 
moved, this movement is communicated to ring‘ 61 
which, as previously mentioned, is rigidly secured to 
housing 55. Thus the axis of housing 55 will be de 
?ected in a direction corresponding to the contoured 
surfaces. The amount of the de?ection is ?xed by the 
particular magnitude of the contoured surface devia 
tions. Since the contoured surfaces are mathematically 
equivalent to a helix, the ‘angular deflection will move 
through 360°. The actual direction the drill is-taking 
will be indicated by the horizontal sensor 40, vertical 
sensor 41, and roll sensor 42. If additional corrections 
must be made, the hydraulic pressure can be increased 
or decreased by the amount necessary to correct for 
the drill error. Flexible pipe 79 provides for movement 
of housing 55 and end plate 75 by effectively decou 
pling the mandrel from tube 76 but yet providing a 
closed conduit for the ?ow of drilling fluids. 

OTHER EMBODIMENTS 

FIGS. 7 and 8 illustrate other embodiments following 
the teachings of the above invention. FIG. 7 illustrates 
a helically formed pipe 100 which has a ring 63 con?n 
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8 
ing a plurality of ball bearings 101. Ring 63 is attached 
to housing 55 in the manner illustrated in FIGS. 4 
through 6 and functions in the identical manner. _ 
, FIG. 8 illustrates a surface following the teachings of 
FIGS. 4 through 7 and provides a two-dimensional 
movement rather than a three-dimensional movement; 
FIG. 8 comprises a bar 103 having an upper contoured 
surface 104 and a lower contoured surface 105. Rollers 
63 engage surfaces 104 and 105, respectively. A roller 
mounting means 106 journals rollers 63 and transfers 
the movement to a housing similar to the housing 55 
disclosed in FIGS. 4 and 5. 
Referring to FIG. 9, a cross-sectional portion of FIG. 

4 is illustrated. The contoured surface 54 of FIG. 4 is 
formed into a plurality of strips 65 and attached to the 
inner wall 39 of housing 55 by a pair of screws or rivets 
66. An engagement means, such as roller 67, is at 
tached to the end of piston 53 by a support surface 68. 
A pin 69 journals roller 67 in support surface 68. The 
operation of the system is substantially identical to the 
operation of the embodiment illustrated in FIG. 4. The 
contoured surface will have the same mathematical in 
terrelationship as that disclosed for FIG. 4; however, it 
should be noted that as roller 67 moves toward end 96, 
the angular displacement of the unit 14 with respect to 
the axis of mandrel 50 will become less by an mount 
proportional to the distance moved over ‘the surface 54 
toward point 96. In order to maintain an equal angular 
displacement, theldistance “Y” as de?ned in Tables 1 
through'6 should be increased by a linear amount pro 
portional to the distance “X” along surface 54. 

CONCLUSIONS 

The directional control apparatus incorporated in a 
drill assembly has been disclosed which provides axial 
control and 360° deviation control for a drill bit. The 
embodiment disclosed herein locates the directional 

control apparatus between the thrust unit and. the in 
strument module. It is obvious that other locations are 
feasible for the control apparatus and that other meth 
ods of utilizing same are possible. A ?exible coupling, 
having at least .4 of a degree ?exing capability, is pro 
vided between the thrust unit and the instrument pack 
age, stabilizers are attached to the drilling unit. The sta 
bilizers will provide a fulcrum for a force generated by 
the de?ection unit, thereby offering superior direc 
tional control capabilities. 

Other obvious modi?cations can be made in the em 
bodiment as disclosed in this speci?cation and still be 
within the scope of the invention as disclosed in the 
speci?cation and the appended claims. 

We claim: ‘ 

1. An apparatus for de?ecting the axis of a drill as 
sembly comprising: 

a. an outer housing; 
b. a piston means having spaced surfaces contoured 

into the surface of said piston means; 
c. means for slidably mounting said piston means; 
d. engaging means mounted between said housing 
and said piston means and in slidable contact with 
said spaced surfaces; 
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e. .means for moving said piston means along the 
length of its axis; and v 

f. means for yieldably attaching one end of said hous 
ing to said means for slidably mounting said piston 
means, whereby longitudinal movement of said pis 
ton means along its length will communicate the 
variations in said contoured surfaces to the axial 
position of said housing with respect to the axis of 
said piston means. ' 

2. An apparatus as de?ned in claim 1 wherein said 
' spaced surfaces comprise three contoured surfaces 
spaced equal distance from each other around the cir 
cumference of said piston means and having interrela 
tionship as de?ned in Tables 1 through 6. 

3. An apparatus as de?ned in claim 2 wherein said 
engaging means comprises a ring ‘having three rollers 
positioned to engage said three contoured surfaces and 
wherein the outer circumference of said ring is 
mounted to said outer housing. - 

4. An apparatus as de?ned in claim 3 wherein said 
means for moving said piston means along the length of 
its axis comprises a hydraulic piston formed at the end 

' of said piston means, a cylinder wall coaxially mounted 
around said piston means to form a hydraulic cylinder, 
hydraulic inlet means to said hydraulic piston, and bias 
ing means at the opposite end of said piston means. 

5. An apparatus for de?ecting the axis of a drill as 
sembly comprising: 

a. a mandrel; 
b. a.tubular piston having an inner diameter dimen 
sioned to slidably ?t over said mandrel; 

c. a tubular piston cylinder having one end attached 
to said mandrel and the other end extending‘ over 
said tubular piston; 

d. a'?rst sealing means at one end of said tubular pis 
ton between said piston and said piston cylinder; 

e. a second sealing means between said tubular piston 
and said mandrel; . 

f. hydraulic ?uid inlet means to said ?rst-mentioned 
end of said tubular piston; 

g. spring biasing means between said mandrel and the 
remaining end of said tubular piston; 

h. outer housing means; 
i. means for yieldably attaching said outer housing 
means to said mandrel; 

j. contour means formed in the outer surface of said 
tubular piston; and ' 1 - 

k. engaging means mounted to said housing means 
and moveably engaging said contour means 
whereby hydraulic pressure applied to the end of 
said tubular piston will force said tubular piston 
along the length of said mandrel against the force 
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created by said biasing means, said engaging means - 
following the contour means thereby positioning 
the axis of said outer housing with respect 'to the 
axis of said mandrel in accordance with the con?g 
uration of said contour means. 

6. An apparatus as de?ned in claim 5 wherein said 
contour means comprises two surfaces placed directly 
opposite each other on said tubular piston. 

7. An apparatus as defined in claim 5 wherein said 
contour means comprises three surfaces formed in the 
outer surface‘ of said tubular piston, said contour means 

_ . being spaced equal distance from each other about the 
outer circumference of said tubular piston. v ‘ ‘ 

8. An apparatus as de?ned in claim 7 wherein said 
contour surfaces are formed in accordance with the 
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mathematical interrelationship as de?ned in Tables I 
through 6. 

9. An apparatus as de?ned in claim 8 wherein said 
engaging means comprises a ring having its outer pe 
riphery rigidly attached to said outer housing and three 
rollers journaled on the inner periphery of said ring and 
dimensioned to engage said three contour surfaces. 

10. An apparatus for de?ecting the axis of a drill as 
sembly comprising: 

a. an outer housing; 
b. a de?ection means having a contoured surface 

means; 
c. engaging means mounted between said outer hous 

ing and said deflection means and in slidable 
contact with said contoured surface means; 

d. means for positioning said contoured surface 
means with respect to said engaging means to cause 
a resultant de?ection in the housing axis with re 
spect to said de?ection means; and 

. e. means for yieldably attaching said outer housing to 
said de?ection means. 

11. An apparatus ‘for de?ecting the axis of a drill as 
sembly as described in claim 10 wherein said de?ection 
means comprises a bar having a rectangular cross‘ 
section and wherein said contoured surfaces are oppo 
site each other. _ ' 

12. An apparatus for de?ecting the axis of a drill as 
sembly as described in claim 10 wherein said de?ection 
means comprises a cylinder having an outer circumfer 
ence in the con?guration of a helix. > . 

13. An apparatus for de?ecting the axis of a drill as 
sembly as de?ned in claim 10 wherein said de?ection 
means comprises a plurality of contoured surfaces, 
means for attaching said contoured surfaces to said 
outer housing means, and wherein said engaging means 
is mounted to said means for positioning the said con 
toured surface means with respect to said engaging 
means. 

14. An apparatus for de?ecting the axis of a drill as 
sembly as described in claim 10 wherein said de?ection 
means comprises a cylinder having three contoured 
surfaces spaced l20° apart around the circumference 
of said cylinder. 

15. A device as described in claim l4‘wherein said 
contoured surfaces have the mathematical inner rela 
tionship as de?ned in Tables 1 through 6 when said 
contoured surfaces are formed by a milling cutter hav 
ing a diameter of 0.25 inch and wherein said engaging 
means comprises a plurality of rollers in contact with 
said contoured surfaces and wherein the diameter of 
said rollers is 0.25 inch. . 

16. An apparatus for de?ecting the axis of a drill as 
sembly comprising: . 

a. a mandrel; _ 
b. a tubular piston having an inner diameter dimen 
sioned to slidably ?t over said mandrel; 

c. a tubular piston cylinder having one end attached 
to said mandrel and the other end extending over 
said tubular piston; 

d.' a ?rst sealing means at one end of said tubular pis 
ton between said piston and said piston cylinder; 

e. a second sealing means between said tubualr piston 
and said mandrel; ' 

f. hydraulic ?uid inlet means to said ?rst-mentioned 
end'of said tubular piston; 

g. spring biasing means between said mandrel and the 
remaining end of said tubular piston; 
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h. outer housing means; _ 
i. means for yieldably attaching said outer housing 
.means to said mandrel; 

j. contour means attached to said housing means; 
k. engaging means mounted to said tubular piston 
and movably engaging said contour means whereby 
hydraulic pressure applied to the end of said tubu 
lar piston will force said tubular piston along the 

. length of said mandrel against the force created by 
said biasing means, said engaging means following 
the contour means thereby positioning the axis of 
said outer housing with respect to the axis of said 
mandrel in accordance with the con?guration of 
said contour means. ‘ 

17. An apparatus for de?ecting the axis of a. drill as 
sembly as de?ned in claim 16 wherein said contour 
means comprises two surfaces placed directly opposite 

12 
each other on said outer housing means. _ 

18. An apparatus for de?ecting the axis of a drill as 
sembly as defined in claim 16 wherein said contour 
means comprises three surfaces formed in the inner 
surface of said outer housing means, said contour 
means being spaced l20° from each other as measured 
from the axis of said mandrel. 

19. An apparatus for de?ecting the axis of a drill as 
sembly as de?ned in claim 18 wherein said contour sur 
faces are formed in accordance with the mathematical 
inner relationship as de?ned in Tables 1 through 6 by 

' a milling cutter having a diameter of 0.25 inch and 

15 

25 

30 

35 

40 

45 

55 

60 

65 

wherein said engaging means comprises a roller in 
Contact with each surface having a diameter of 0.25 
inch. 

* * * * >l< 


