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The" present invention rel-ates in general to drilling 
apparatus and more particularly, to an apparatus for 
directionally drilling one or more lateral bores from 
a main wellbore', or the like. For convenience in'dis: 
closing‘ the invention, it will be considered herein as 
applied to an apparatus for directionally drilling one or 
more relatively small lateral bores‘ from a- larger, main 
well bore for the purpose of, for example, tapping forma 
tions which do not communicate with the main bore, 
thereby increasing the production of the well. How 
ever, it will be understood that the invention may be 
utilized in other environments and ‘for other purposes 
withoutdeparting from the spirit thereof. , 

' In general, the present invention contemplates a direc 
tional drilling apparatus which includes: a whipstock; 
means on the whipstock, for anchoring it relative to the 
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main well bore; a ‘?exible shaft extending through the _' 
whipstock and having a drill bit at its lower end; direc 
tional guiding means in the whipstock for guiding the 
?exible shaft in suchga‘ manner as to cause the bit to 
drill- a lateral‘ bore in the ‘desired’ direction; a motor hav 
ing‘la h‘o'usingsuspended ‘in the main well bore by a cable, 
or the like, and‘ havinga rotor connected to the upper 
end of the ?exible‘ shaft; and means for anchoring the 
motor housing against rotation in the main well bore, 
a primary object being to‘ provide a directional drilling 
apparatus of this’ general nature, 
An important object of the invention is to provide a 

directional drilling apparatuswhereinlthe whipstock and 
the motor are ?exibly interconnected, the invention pro 
viding ?exible means for suspending the whip-stock‘from 
the motor ‘as the apparatus-is lowered into and removed 
from the main bore. 
More particularly, an object of the invention is to pro 

vide an apparatus wherein the ?exible shaft itself serves 
to suspend the whipstock from the motor as the appa 
ratus is run in land outof the well, whereby no auxiliary 
supporting connection between the whipstock and the 
motor is required. , ' 

Afurther object is‘ to provide a whipstock including a 
housing having an external bit cavity in one side thereof 
which provides a bit seat, the drill bit at the lower end 
of the ?exible shaft being retracted into the bit cavity 
and being seated on the bit seat as the apparatus 'is run 
into and out of the well so that the ?exible shaft, sup 
ports-the‘ whipstock under such conditions. 

Another important object is" to provide ?exible means 
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end of the ?exible shaft is withdrawn from the lateral 
bore, but at'lall times prevents“ rotation of the motor 
housing by anchoring it to the‘whipstock housing, which, 
in turn, is anchored to one-wall of the main well bore; 
The foregoing ?exible interconnection between the mo 
tor housing and the whipstock housing provided by the 
helical spring encircling the ?exible shaft‘ results in ‘a come 
pact, lightweight directional drilling apparatus by- elimi 
nating any necessity for heavy, rigid connections between 
the motor housing and~ the whipstock housing, which is‘ 
an important feature. 

Another object of the invention is to provide the.?ex-~ 
ible shaft with a helical rib thereon extending’ from the.‘ 
drill bit at the lower end thereof to the‘ connection to the 
rotor of the motor at the upper end' hereof. This helii 
cal rib serves to convey‘ cuttings, from'fthe' lateral bore’ 
into‘the main Well ‘bore, thereby avoiding any necessity‘ 
for a pump‘, or the like to convey cuttings'out of the 
lateral bore, which is an important feature. 7 > 
Another object of the invention is to provide direc 

tional guiding means‘ for the ?exible shaft which is ad~ 
justable ‘to-vary the angle which the lateral bore makes 
with the main bore‘. This angle may be varied between 
zero degrees and 90°, or even more in some instances. 
Another object of the invention is to provide an ad 

justable directional guiding means for the ?exible shaft 
which includes‘ a plurality of ball’ bearings and which 
includes adjustable‘ means for positioning the ball‘bear 
ings on paths of different curvatures, the adjustable po 
sitioning means preferably comprising interchangeable 
spacer blocks for positioning the bearings cnpaths of any 
desired curvatures to attain'any desired angles between 
the lateral bore and‘ the main bore. 
The foregoing objects,_ advantages, features and results 

of the present invention, together with various other ob 
jects, advantages, features and results thereof which will 
be apparent to those skilled in the art in the light of this 
disclosure, may be attained with the exemplary embodi 
ment of the invention which is illustrated in the accom 
panying drawing and which is described in detail here‘ 
inafter. Referring to the drawing: 

Fig. 1 is an elevational view of the directional drilling 
apparatus of the invention as the apparatus is lowered 
into or removed‘ from a main well bore; 

Fig. 2 is an enlarged, vertical sectional View of a whip 
stock of the invention anchored relative to one wall of 
the main well bore, Fig. 2 also‘ showinga lateral bore 
being drilled from‘ the main well bore; 

Fig.5 3 is an; enlarged, transverse sectional view taken 
along, the arrowed line 3"~—3 of Fig. 2; ‘ 

Fig. 4 is a longitudinal sectional ,view of a directional 
' guiding means'ir'icorporated in the whipstock of the in 
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interconnecting the motor housing‘ and the whipstock > 
housing‘efor preventing rotation of the motor housing in 
response to' rotation of therotor of the motor. 

More. particularly, an important object of the inven 
tion is to- provide a helical spring surrounding the ?ex 
ible shaft and having its lower end connected to 'the 
whipstock housing- and its- upper’ end connected to the 
motor housing, such spring. preventing‘ rotation of the 
motor‘ housing‘in response-to rotation of the rotor of the 
motor. This ‘spring contracts as lateral, directional drill~ 
ing progresses, and“ expands-as the‘drill bit at the lower 

65 

vention, Fig. ,4 beingtaken 
of'Fig. 3; and , ’ 

Fig. 5 is'a-tnansverse sectional View of the directional 
guiding means taken along the ,arrowed line 5—5' of 
Fig. 4. _ . 

Ini-th'e drawing, the numeral lll‘designates a main well’ 
bore having aside wall 12 and a bottom wall 14, the latter 
either being the actual bottom of the main bore, or being 
formed by a plug in the main bore. In the mainbore '10 
is a directional‘drilling apparatus 16 of ‘the: inventioncom 

along the arrowed line 4-4‘ 

prising‘: a whipstock lfShaving a‘ whipstock housing 20; ' 
anchor means 22ion1the whipstock housing for anchoring" 
the‘ whipstock relative to the main'bore; a motor ‘24 hav 
ing a housing‘ 26 and a rotor 28‘; means, such as ‘a- cable’ 

~J' 34), connected tojthe~ motor‘ housing for supporting the 
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motor; ?e'xibl'e'v'mean's 32 interconnecting the 'whips'toek' 
housing and’ theumotor housing; for preventing rotatio‘ri 
of the‘ motor housing in‘ response‘ to‘ rotation of-‘tll'ejrotor" I 
(after su'?icien't' rotation of’ the motorfhousing to stress' 
the ?exible means); -a ?exible‘ shaft‘ '34’ extending through1 
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the whipstock housing and through the ?exible means 32, 
this shaft being connected at its upper end to the rotor 
of the motor and being provided at its lower end with a 
suitable drill bit 36 for drilling a lateral bore 38; and, 
?nally, directional guiding means 40 in the whipstock 
housing for guiding the ?exible shaft in a manner to pro 
duce the desired angle between the lateral bore and the 
main bore. 

Considering the directional drilling apparatus 16 in 
more detail, the whipstock housing 20 comprises a barrel 
42 having a removable panel 44 secured in place by screws 
46, or the like, this removable panel providing access to 
the directional guiding means 40 in a manner which will 
be apparent. The anchor means 22 is carried by the 
lower end of the barrel 42 and, in the particular construc 
tion illustrated, comprises triangular teeth 48 insertable 
into the bottom wall 14 of the main well bore 10 to pre 
vent rotation of the whipstock 18. However, it will be 
understood that anchor means of other types, engageable, 
for example, with the side wall 12 of the main well bore 
10, may be utilized. . 
The removable panel 44 of the barrel 42 is provided 

therein with an external recess or cavity 50 adapted to 
receive the bit 36 therein and providing a seat 52 for the 
bit. When the bit 36 is retracted into the cavity 50, it is 
entirely within the con?nes of the whipstock housing 20 
and is seated on the bit seat 52. With this construction, 
as the directional drilling apparatus 16 is run into and out 
of the main bore 10, the whipstock 18 is supported by the 
motor 24 through the ?exible shaft 34, thereby avoiding 
any necessity for any rigid structural connection between 
the whipstock and the motor, which is an important fea 
ture of the invention. 
The motor 24 is preferably a vertical electric motor of 

the submersible type so that it may be operated in the 
drilling mud, or other ?uids, which may be present in the 
main well bore 10. The supporting cable 30 for the 
motor 24 is connected to the motor housing 26 and may 
have as its core electrical conductors 54 for supplying 
power to the motor. As the apparatus 16 is run into and 
out of the wall, the cable 30 may be unwound from and 
wound onto a suitable drum, or the like, not shown, at the 
surface, as is well known in the art. 
The ?exible means 32 for preventing rotation of the 

motor housing 26 in response to rotation of the rotor 28 
of the motor comprises a simple helical spring which sur 
rounds the ?exible shaft 34, the lower end of this spring 
being rigidly connected to an adapter 56 which is threaded 
on, or otherwise rigidly connected to, the upper end of 
the whipstock housing barrel 42, and the upper end of 
the spring being rigidly connected to an adapter 58 
threaded on, or otherwise secured to, the lower end of 
the motor housing 26. The helical spring 32, which may 
be many feet in length, automatically shortens as the bit 
36 drills the lateral bore 38, and automatically lengthens 
as the bit is withdrawn from this lateral bore. At the 
same time, however, the helical spring 32 effectively pre 
vents rotation of the motor housing 26 in response ‘to ro 
tation of the rotor 28, the anchor means 22 thus serving 
to anchor both the whipstock ‘18 and, through the spring 
32, the motor 24/ Thus, a compact, lightweight appa 
ratus 16 results and no heavy, rigid structural intercon 
nection between the whipstock and the motor is required, 
which is an important feature.- ' 

.The ?exible shaft 34 may be of any suitable construc 
tion, it being shown as a woven wire shaft. Similarly, the 
drill bit 36 may be of any suitabletype. 
feature of the ?exible shaft 34 is that it is provided there 
on withan external helical rib 60, which may take the 
formrof a helical wire welded to the ?exible shaft, for 
conveying cuttings out of the lateral bore 38 into the 
main bore 10. Thus, cuttings are automatically con 
veyed into the main well bore without resort to a pump, 
or other equipment, for removing the cuttings from the 
lateral bore by ?uid circulation, or the like. 
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Considering now the directional guiding means 40, it 

includes a plurality of bearings 62 and adjustable spacing 
means 64 for positioning the bearings along a path of 
any desired curvature .to direct the drill bit 36 along a path 
at any desired angle to the main well bore 10. The bear 
ings 62 are preferably ball bearings to minimize friction, 
and the internal diameter of the inner races thereof is 
slightly larger than the external diameter of the helical rib 
60 on the ?exible shaft 34 so that the shaft may pass 
through the guiding means 40 easily. The adjustable 
spacing means 64 includes a number of pairs of spacing 
blocks 66 corresponding to the number of bearings 62, 
each pair of spacing blocks retaining one of the bearings 
in the desired position. The complete set of paired blocks 
is provided with a passage 68 therethrough for the ?exible 
shaft 34, and the blocks of each pair are provided with 
semicircular grooves 70 therein which receive and retain 
one of the bearings 62. The complete set of blocks is re 
tained in a guiding means housing 72 comprising two par 
allel, spaced ?at plates 74 secured to brackets 76 on the 
barrel 42 by bolts 78. The guiding means housing also 
includes two curved plates 80 and 82, the former being 
welded, or otherwise secured, to the ?at plates 74 and 
the latter being removably secured to the brackets 76 by 
bolts 34. 
As will be apparent the blocks 66 retain the bearings 

62 in such positions as to produce a predetermined degree 
of curvature of the ?exible shaft 34, thereby producing 
a predetermined angle of divergence of the lateral bore 
38 from the main bore 10. By removing the panel 44 
of the whipstock housing 20 and the plate 82 of the guid 
ing means housing 72, the blocks 66 may be removed 
and a different set of blocks substituted therefor to hold 
the bearings 62 in different positions providing a different 
degree of curvature for the ?exible shaft 34, and thereby 
providing a different angle of divergence of the lateral 
bore 33 relative to the main bore 10. Thus, by a simple 
substitution of one set of the blocks 66 for another, the 
angle of the lateral bore relative to the main bore may 
be varied readily, which is an important feature of the 
invention. The blocks 66 may be made of any suitable 
material, although wood is an ideally suitable material. 

Considering the over-all operation of the apparatus 16, 
it is ?rst lowered into the main well bore 10 with the 
whipstock 18 suspended from the motor 24 through the 
?exible shaft 34 in the manner hereinbefore described, 
the bit 36 seating on the bit seat 52 in the cavity 50 to 
accomplish this. Thuspno separate suspension system for 
the whipstock 18 is required, which is an important 
feature. When the apparatus reaches the bottom of the 
well bore 10, the triangular teeth 48 forming the anchor 
means 22 penetrate the bottom wall '14 of the well bore 
due to the weight of the whipstock 18. If the weight of 
the whipstock is insu?icient to accomplish this, the ap 
paratus may be dropped a short distance to obtain 
adequate penetration by the teeth 48. Of course, if some 
other type of anchor means is used, a different setting 
procedure is necessary. 

With the whipstock '18 set in the foregoing manner, the 
motor 24 is energized through the electrical conductors 
54 incorporated in the cable 30 to rotate the ?exible shaft 
34 and the drill bit 36, the latter drilling into the side wall 
12 of the main well bore, and through any casing therein, 
to form the lateral bore 38, the angle of divergence of 
which from the main Well bore is determined by the di 
rectional guiding means 40 hereinbefore described. Any 
tendency of the motor housing 26 to rotate due to torque 
reaction is opposed by the spring 32, which prevents ro_ 
tation of the motor housing after perhaps a few revolu 
tions thereof to stress the spring. As will be apparent, 
the spring automatically contracts as drilling of the lateral 
bore '38 progresses, whereby shortening of the distance 
between the motor 24 and the whipstock 18 is accom 
modated without any necessity for elaborate guides, or 
the like, for the motor. When it is desired to run the ap 
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paratus~16 “out of‘ the-well‘ bore 10, the‘ spring _3‘27auto 
matically lengthens --until the bit~~ 36 engages are ibiti seat 
52 to suspend the whipstock e18» fro'n'ii the motor- 24,3 
As will be apparent,~the~bit pressure may be readily 

controlled by controlling- the proportion of the weight 
of thetpmot‘o'r 24~ which‘ is- appliedia-thereto through'the 
?exible -‘ shaft '34; The - bit" pressure may readily’ be ~ con 
trolled by controlling. the tension in the supporting ‘cable 
30 in a manner which will be apparent to those skilled 
in the art. 

During the drilling of thelateral bore 38, the helical 
rib 60 on the ?exible shaft 34 continuously conveys 
cuttings out of the lateral bore into the main bore. Since 
the helical rib extends from the bit 36 substantially to 
the rotor 28 of the motor ‘24, the helical rib is e?ective 
for its intended purpose even when the motor 24 has 
been lowered substantially to the whipstock 18 to extend 
the ?exible shaft the maximum distance into the lateral 
bore. 

After th lateral bore 38 has been completed, or after 
the desired number of such bores has been completed, 
the apparatus is returned to the surface merely by reel 
ing in the cable 30, the drill bit 36 automatically retract 
ing into the cavity ‘50 and engaging the seat 52 so that 
the whipstock 18 is supported by the motor 24. 

Although I have disclosed an exemplary embodiment 
herein for purposes of illustration, it will be understood 
that various changes, modi?cations and substitutions may 
be incorporated in such embodiment without departing 
from the spirit of the invention as de?ned by the claims 
hereinafter appearing. 

I claim as my invention: 
1. In an apparatus for directional drilling, ‘the combina 

tion of: a whipstock including a housing having direc 
tional guiding means therein and having an external bit 
cavity in one side thereof which provides a bit seat; means 
for anchoring said ‘whipstock in a well bore; a ?exible 
shaft extending through said directional guiding means 
into said bit cavity; a bit connected to the lower end of 
said ?exible shaft and adapted to seat on said bit seat 
within said bit cavity so that said ?exible shaft supports 
said whipstock; a motor including a housing and including 
a rotor connected to the upper end of said ?exible shaft 
so as to support said whipstock through said ?exible 
shaft when said bit is seated on said bit seat, said ?exible 
shaft having a helical rib thereon which extendsfrom 
said bit to said motor; ,means for suspending said motor 
in a well bore; and'a helical spring surrounding said 
?exible shaft and connected at its upper end to said motor 
housing and at its lower end to said whipstock housing. 

2. In an apparatus for directional drilling, the combi 
nation of: a whipstock including a housing having direc 
tional guiding means therein and having an external bit 
cavity in one side thereof which provides a bit seat; a 
?exible shaft extending through said directional guiding 
means into said bit cavity; a bit connected to the lower 
end of said ?exible shaft and adapted to seat on said 
bit seat within said bit cavity so that said ?exible shaft 
supports said- whipstock; a motor including a housing 
and including a rotor connected to the upper end of said 
?exible shaft so as to support said whipstock through 
said ?exible shaft when said bit is seated on said bit 
seat; means for suspending said motor in a well bore; 
a helical spring surrounding said ?exible shaft and con 
nected at its upper end to said motor housing and at its 
lower end to said whipstock housing; and means on said 
whipstock housing engageable with one wall of a well 
bore for anchoring said whipstock housing relative to such 
wall. 

3. In an apparatus for directional drilling, the com 
bination of: a whipstock including a housing; means for 
anchoring said whipstock in a well bore; a motor includ 
ing a housing and a rotor; means for suspending said 
motor in a well bore; a ?exible shaft connected at its 
upper end to said rotor and extending through said whip 
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stock housing; a» bit-Ion the‘ lower‘ end‘ of-sa‘id7 ?exible 
shaft; and a helical‘ springgsurrounding said ?exible shaft 
and connected at its upper end to said motor housing.‘ and 
at‘ its lower" end to'sa'id'whipstock housing. 
7.4; Inan'fapparatus" for‘ directional drilling, the com 
bination of‘:- a whipstock‘ including a housing; a ‘motor 
including a housing'and a ‘rotor; means for suspending 
said‘motor’in'a‘well'bore; a‘ ?exible‘sh'aft connected‘ at 
its upper end to said rotor and extending through said 
whipstock housing; a bit on the lower end of said ?exible 
shaft; a helical spring surrounding said ?exible shaft and 
connected at its upper end to said motor housing and at 
its lower end to said whipstock housing; and anchor 
means on said whipstock housing and engageable with 
a wall of a well bore. 

5. In an apparatus for directional drilling, the com 
bination of: a whipstock including a housing; a motor 
including a housing and a rotor; means for suspending 
said motor ‘in a well bore; a ?exible shaft connected at 
its upper end to said rotor and extending through said 
whipstock housing; a bit on the lower end of said ?exible 
shaft; a helical spring surrounding said ?exible shaft and 
connected at its upper end to said motor housing and at 
its lower end to said whipstock housing; anchor means 
on said whipstock housing and engageable with a wall 
of a well bore; and adjustable directional guiding means 
for said ?exible shaft in and connected to said whipstock 
housing. 

6. In an apparatus for directional drilling, the com 
bination of: a whipstock including a housing; a motor 
including a housing and a rotor; means for suspending 
said motor in a well bore; a ?exible shaft connected at 
its upper end to said rotor and extending through said 
whipstock housing; a bit on the lower end of said ?exible 
shaft; a helical spring surrounding said ?exible shaft and 
connected at its upper end to said motor housing and at 
its lower end to said whipstock housing; anchor means 
on said whipstock housing and engageable with a ‘wall 
of a well bore; and adjustable directional guiding means 
for said ?exible shaft in and connected to said whipstock 
housing, said directional guiding means including a plu 
rality of ball bearings arranged along a curved path and 
including a plurality of blocks for supporting said bear 
ings on said path. 

7. In an apparatus for directional drilling, the com 
bination of: a whipstock including directional guiding 
means and provided with a bit seat; means on said whip 
stock for anchoring same in a well bore; a motor having 
a housing and a rotor therein; means for suspending said 
housing of said motor in the well bore; ?exible means for 
suspending said whipstock from said motor, including a 
?exible shaft connected at its upper end to said rotor 
of said motor and having at its lower end a bit seatable 
on said bit seat, said ?exible shaft extending through said 
whipstock and through said directional guiding means 
thereof; and ?exible, extensible and contractible means 
connected to said housing of said motor and to said 
whipstock. 

8. In an apparatus for directional drilling, the com 
bination of: a whipstock including directional guiding 
means and provided with a bit seat; means on said whip 
stock for anchoring same in a well bore; a motor having 
a housing and a rotor therein; means for suspending said 
housing of said motor in the well bore; ?exible means 
for suspending said whipstock from said motor, includ 
ing a ?exible shaft connected at its upper end to said 
rotor of said motor and having at its lower end a bit seat- ‘ 
able on said bit seat, said ?exible shaft extending through 
said whipstock and through said directional guiding 
means thereof; and ?exible, extensible and contractible 
means connected to said housing of said motor and to 
said whipstock, said ?exible, extensible and contractible 
means surrounding said ?exible shaft. 

(References on following page) - 
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