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‘ [57] ABSTRACT 

A slim hole drilling method wherein a wellbore of a diameter 
no greater than about 6 inches is drilled using a drill pipe rota 
tion rate of at least 500 rpm and rotating the drill pipe with at 
least one electric motor operably connected to the drill pipe. 
Drilling power units for carrying out the drilling method which 
employ at least one electric motor in mechanical connection 
with the drill pipe for rotating the drilll pipe and moving with 
same as it advances toward and away from the wellbore. 

4 Clairm, 5 Drawing Figures 
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SLIM HOLE DRILLING ME’I‘HOD 

BACKGROUND OF THE INVENTION 

As an exploratory tool, it can be desirable to drill very small 
diameter boreholes, hereinafter referred to as “slim hole” 
drilling. Whereas a conventional wellbore may start with a 
diameter of about 20 inches, a slim hole wellbore would start 
with a diameter of no greater than about 6 inches. By drilling 
small diameter boreholes, larger numbers of exploratory wells 
canbe drilled more economically. In addition, the drilling rig 
necessary for these smaller diameter boreholes is lighter 
thereby allowing for more economical moving of the rig from 
one drilling location to another. 
With slim hole drilling much greater than conventional rota 

tion rates for the drill pipe and bit are employed. Whereas 
conventional rotary drilling uses rotation rates no greater than 
about 350 rpm, and most usually in the range 50-450 rpm, 
slim hole drilling is preferably carried out at no less than about 
500 rpm. 

l-leretofore in offshore rigs in order to gain more working 
room on the working ?oor of the rig, the rotary table has been 
replaced by an electric motor hung in the derrick, US. Pat. 
No. 3,426,855. However, the method and equipment used in 
such a drilling setup was for conventional size boreholes 
drilled at conventional rotation rates and therefore was not 
suggestive for slim hole drilling. Nor was it known whether 
such equipment would or could be made to stand up under the 
unique rotation and vibration conditions encountered only 
with slim hole drilling techniques. 

SUMMARY OF THE INVENTION 

It has now been found that slim hole drilling techniques can 
be carried out successfully with an electric motor drive by em 
ploying a method comprising rotary drilling a wellbore having 
a diameter no greater than about 6 inches, rotating the drill 
pipe during at least part of the drilling procedure at a rate of at 
least 500 rpm, rotating the drill pipe with at least one electric 
motor operably connected to the drill pipe itself, and moving 
the electric motor with the drill pipe as it moves in relation to 
the wellbore. 
The electric motor drilling apparatus utilized for c0nven~ 

tional drilling in an offshore rig was not acceptable as such for 
slirn hole drilling because external air cooling hoses connected 
to the motor frame slowed movement of the motor and there 
fore slowed the drilling process and because there was more 
danger of a cooling failure by breakage of a cooling hose. 

Accordingly, an electric drilling power unit useful in carry 
ing out the method of this invention comprises a housing hav 
ing torque arms extending laterally therefrom, an electric 
motor carried in the housing as hereinafter described, and at 
least one fan means carried by the housing and adjacent to the 
electric motor, the fan means having an inlet means commu~ 
nicating with the exterior of the housing and an outlet means 
directing the output of the fan against the motor’s stator and a 
rotor. 
Another suitable power unit comprises a drill pipe section 

having at least one gear means attached thereto, an electric 
motor for each gear means attached to the drill pipe section, 
the electric motor carrying its own gear for meshing with the 
gear means attached to the drill pipe section. 

In both power units the electric motors are supported in 
such a manner as to be movable toward and away from the 
wellbore as the drill pipe moves toward and away from the 
wellbore. 

In another embodiment the power units of this invention are 
employed in the rig ?oor instead of in the air. 

Accordingly, it is an object of this invention to provide a 
new and improved method for slim hole drilling. It is another 
object to provide new and improved drilling power units for 
slim hole drilling methods. It is another object to provide a 
method and apparatus whereby electric motors can be em 
ployed in slim hole drilling techniques without sacri?ce in 
economy or reliability of operation. 

2 
Other aspects, objects and advantages of this invention will 

' be apparent to those skilled in the art from this disclosure and 
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the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows an elevation of a drilling rig employing one 
embodiment of this invention. 

FIGS. 2 and 3 are cross sections of a drilling power unit em 
bodying one aspect of this invention. 

FIG. 4 is an elevation of another drilling power unit em 
bodying another aspect of this invention. 

‘ FIG. 5 shows an elevation of part of the rig of FIG. 1 
wherein the power unit is located in the rig ?oor. 

FIG. 1 shows the earth 1 having a wellbore 2 therein and a 
section of drill pipe 3 extending thereinto. A drilling platform 
4 with its working ?oor 5 is disposed over wellbore 2. The der 
rick 6 sitting on platform 4 has, for sake of clarity, been sim 
pli?ed to show only, two supporting legs 7 surmounted by a 
conventional crown block 8. 

Drill pipe 3 extends through an opening in ?oor 5 and an 
opening in spider 10 to coupling 11. Spider 10 is employed to 
hold slips which support the drill pipe in the wellbore when the 
apparatus above coupling 11 is disconnected. A rotary table of 
a typical drilling rig can also be used for this purpose. 

Drilling power unit 12 is described in greater detail 
hereinafter with respect to FIGS. 2 and 3. As shown in FIG. 1, 
power unit 12 comprises a housing or support means 13 hav 
ing torque arms 14 extending laterally therefrom and a hollow 
electric motor shaft 15, the motor being carried interiorlyof 
housing 13, extending above and below housing 13. Shaft 15 is 
connected to coupling 11 below housing 13 and to coupling 
16 above housing 13. Coupling 16 is connected to swivel 17 
whose bail 18 is supported by hook l9, traveling block 20, and 
wire cables 21 which are supported by sheaves in crown block 
8. 
Torque arms 14 are slideably connected to members 22 

which are ?xed to ?oor 5 and crown block 8 so as to provide 
?xed members which are substantially parallel to but spaced 
from drill pipe 3 and over which torque arm adapters 23 can 
slide so as to render housing 13 movable with drill pipe 3 as 
the pipe advances into or out from wellbore 2. The torque 
arms can follow mechanical tracks or another guide means as 
desired. 

In operation, power unit 12 is utilized to rotate drill pipe 3 
which carries any type of rotary drill bit (not shown) at the 
bottom end thereof. wellbore 2 is thereby drilled deeper until 
coupling 11 is just above spider 10. At this time shaft 15 is 
disconnected from coupling 11, another section of drill pipe 
attached to the lower end of sha? 15, power unit 12 raised in 
the derrick by raising hook 19 until the lower end of the new 
section of drill pipe can be attached to coupling 11, and 
drilling continued until wellbore 2 is deepened so that 
coupling 11 is again near the top of spider 10. This sequence 
of events is then repeated until wellbore 2 is drilled to the 
desired depth. Thus, it can be seen that power unit 12 is raised 
and lowered in the derrick a large number of times using hook 
19 with torque arms 14 following along ?xed members 22. 
Fixed members 22 can be wire cables which can be slackened 
to move power unit 12 over to connect with a new drill pipe 
section or can be any other type of ?xed or ?xable member as 
desired. 

FIG. 2 shows an elevational ‘cross section of power unit 12 
wherein housing 13 is seen to contain an electric motor having 
its rotor (armature) 30 fixed to hollow shaft 15 which is 
rotatable within housing 13 by means of combination thrust 
and radial bearings 31 and 32. Stator 33 is carried in housing 
13 around rotor 30. Around the exterior of stator 33 and in 
teriorly of housing 13 are two fan means 34 having air inlet 
means 35 connected to the exterior of housing 13 as shown in 

. FIG. 3 and also having outlet means 36 which direct the out 

75 
put of the fan means against rotor 30 and stator 33. The upper 
and lower ‘ends of shaft 15 are threaded for releasable at 
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tachment with coupling means 1 1 and 16. Shaft 15 is hollow in 
that it contains a passageway 37 connecting one threaded end 
to the other threaded end so that drilling mud from gooseneck 
24 of FIG. 1 can pass through swivel l7, and shaft 15 into drill 
pipe 3. " 

Various control steps can be taken with the electric motor 
which are useful for slim hole drilling and which can readily be 
achieved with electric motors. Desirable controls, one or more 
of which can be employed in any particular process, include a 
motor torque output limit, motor torque output reading 
device, motor rpm control, forward and reverse rotation by 
the motor, and a motor torque output limit and motor speed 
control for use when threading one drill pipe into another drill 
pipe or unthreading one drill pipe from another drill pipe. 
The particular apparatus useful in carrying out each control 

step varies widely depending primarily on whether the motor 
is an alternating current motor or a direct current motor and 
which species of alternating current or direct current motor is 
employed. In addition, more than one type of apparatus can 
be employed on any given motor to achieve the desired con 
trol steps. All such electrical control apparatus, once given a 
particular motor, is known in the art and can be readily 
devised by one skilled in the art. 
For example, it is preferred that the electric motor be a 

direct current motor. A particularly preferable type of direct 
current motor is the shunt type direct current motor which is 
well-known in the art. With this type motor one method by 
which the torque output can be limited to a desired maximum 
value is by sensing the ?eld current and armature current and 
combining the two values such as by multiplication, the result 
ing value being representative of the torque output of the 
motor which can then be compared with the maximum desired 
torque output for the motor. If the measured value of torque 
output for the motor is less than the maximum set value the 
motor continues to operate in an open loop fashion unless and 
until the maximum set torque value is exceeded. When the 
maximum set torque value is exceeded, conventionalv ap 
paratus such as a Thyristor circuit can be used to reduce the 
armature current to the motor thereby reducing the torque 
output of the motor to the maximum set value. 

Direct readout of the actual torque output of the motor can 
be accomplished by simply employing a conventional ampme 
ter which registers the magnitude of the value of the com 
bined, sensed armature current and ?eld current. 

Control of the rotational speed of the shunt type direct cur 
rent motor can be achieved simply by varying the armature 
voltage. With this type motor, for a given ?eld excitation, 
speed varies directly with applied armature voltage, but by 
weakening (reducing) the ?eld excitation the same applied ar 
mature voltage will result in a high speed. The ?eld excitation 
can be weakened in any conventional manner such as by in 
serting magnetic ampli?er controlled reactors on the seconda 
ry side of the transformer supplying the ?eld recti?er. 
The reversing step for the shunt type direct current motor 

can be simply accomplished by reversing the current through 
the shunt ?eld in a conventional manner. The motor can also 
be reversed in its direction of rotation by reversing the voltage 
on the armature. The forward and reverse drives for the motor 
can be combined with the torque limit and speed control steps 
described hereinabove when threading or unthreading sec 
tions of drilling pipe. For example when threading one section 
of drilling pipe into another, a torque limit step can be em 
ployed so that excessive torque cannot be applied to the pipe 
joints upon completion of the threading step. This avoids risk 
of damaging or breaking apart the threaded joint. Similar 
reasoning applies to unthreading one pipe from another in that 
a torque limit step is used and in combination therewith a 
speed control is used which decreases the rotational speed of 
the electric motor as soon as the torque on the motor 
decreases signi?cantly which is indicative of the two sections 
of pipe starting to be unthreaded and which avoids accelera 
tion in rotational speed of the driven section of pipe after it 
starts unthreading from the ?xed section of pipe. 
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4 
Additionally, various warning alarms can be employed as 

desired. For example, a heat sensing device can be employed 
on the electric motor itself which actuates a light, buzzer, or 
other alarm when the motor extends the preset maximum tem 
perature. Similar warning controls can be employed on the 
motors of fans 34 so that if the current to power unit 12 is in 
terrupted the operator is warned of a cooling failure in the 
power unit. 

FIG. 3 shows a bottom cross-sectional view of power unit 12 
along the line III-III of FIG. 2. FIG. 3 shows a pair of fan 
means 34 having air inlet conduit means 35 open to the at 
mosphere around the exterior of housing 13. Fan means 34 
are connected by way of shafts 40 to powering motors 41. 
Electric wires 42 from motors 41 and electric wires 43 from 
stator 33 are combined into a single cable bundle which passes 
through the exterior of housing 13 (not shown), up along 
swivel l7 and along gooseneck 24 to a power source (not 
shown) located on the ground somewhere in the vicinity of 
platform 4. 
By the apparatus of power unit 12, with a plurality of fan 

means arranged interiorly of housing 13 and around the elec 
tric motor within housing 13, the fan means each being in 
direct and open communication with ambient air by means of 
conduits 35 and each having its output directed at the motor 
on the interior of housing 13, the large and critical demand for 
cooling of this motor while operating at high slim hole rotation 
rates can be met without adverse etfects on the motor itself. 
Also, only a single energy supply conduit needs to run out of 
housing 13, this line being a single electrical conduit. In this 
manner the need for running one or more air hoses along 
gooseneck 24 and swivel 17 to housing 13 is eliminated and 
power unit 12 is rendered more reliable since no risk is in 
volved of breaking a cooling air hose by constant ?exing with 
movement of power unit 13 up and down in derrick 6. 

Accordingly, power unit 12 provides the critical cooling 
requirement for the electric motor under the strenuous slim 
hole operating conditions and at the same time is substantially 
more reliable since there are no ?exing parts supply the cool 
ing air to the motor. By use of this unit, there is no risk of an 
unseen cooling air hose leak, which can cause overheating and 
failure of the power unit motor. The cooling demand for the 
power unit motor when operating at the high rotational speed 
of slim hole drilling is great and even a small loss in cooling air 
cannot be tolerated without some adverse overheating of the 
motor. 

FIG. 4 shows drill pipe 3 having two gears 50 attached 
directly to the drill pipe section. Two electric motors 51 are 
supported by individual torque arms 52 which torque arms are 
slideably movable along a ?xed member 53. Member 53 can 
extend between ?oor 5 and crown block 8 in the same manner 
of ?xed members 22 in FIG. 1. Each motor 51 carries its own 
gear means 55 by way of shaft 54, each gear means 55 being 
enmeshed with one gear 50. 
The apparatus of FIG. 4 constitutes a drilling and power - 

unit which can be used in lieu of power unit 12 of FIG. 1, the 
upper end of drill pipe section 3 of FIG. 4 being connected by 
way of coupling 16 to swivel 17 of FIG. 1 and the lower end of 
drill pipe section 3 being connected by way of coupling 1 1 to 
the remaining drill pipe extending into wellbore 2. 

In operation, as wellbore 2 is deepened, drill pipe section 3 
of FIG. 4 moves downwardly and so do motors 51 by way of 
sliding of torque arms 52 along ?xed members 53. Of course, 
if desired, suitable housing can be provided around the ap 
paratus of FIG. 4 to insure that as drill pipe section 3 moves, 
motors 51 move without disengaging any of the enmeshed 
gears 50 and 55. ‘This would be obvious to one skilled in the 
art and, for sake of simplicity, is not shown. Of course, if 
desired, a single motor 51 operating on a single gear 50 or 
more than two motors 51 operating on more than two gears 50 
can be employed. Similarly, more than one motor can be em 
ployed inside housing 13 of power unit 12 if desired. 
The method of this invention comprises rotary drilling a 

wellbore having a diameter no greater than about 6 inches, 



3,670,832 
5 

preferably from about 2 inches to about 5 inches, rotating the 
drill pipe during at least part of the drilling at a rate of at least 
500 rpm, preferably from about 600 rpm to about 2,000 rpm, 
rotating the drill pipe with at least one electric motor which is 
operably connected directly to the drill pipe itself, and moving 
the one or more electric motors used to rotate the drill pipe 
with the drill pipe as it moves relative to the wellbore. 

In FIG. 5 only platform 4 and floor 5 of the rig are shown for 
simplicity. in FIG. 5 the power unit 13 is ?xed in ?oor 5 in the 
opening normally occupied by the rotary table of a conven 
tional rig. In this embodiment hollow shaft 15 has its interior 
adapted to receive and drive a conventional Kelly 60. For ex~ 
ample the interior of shaft 15 can be square in cross section to 
allow a square Kelly to pass therethrough. ‘ 
The upper end of Kelly 60 is connected to swivel 17 in a 

conventional manner. Thus, the rig is operated during drilling 
in the conventional manner except that a power unit of this in 
vention is utilized in lieu of the conventional rotary table with 
the hollow shaft of the direct current motor of the power unit 
driving the Kelly. This rig ?oor capability is advantageous in 
that it is very di?icult to obtain the high speed of rotation 
required for slim hole drilling with mechanical drives on a 
conventional rotary table. For example, it is dit?cult to obtain 
1,500 rpm with a mechanical drive and even then the drive 
mechanism does not hold up well or for‘ long. 

In FIG. 5 only platform 5 and ?oor 5 of the rig are shown for 
simplicity. in FIG. 5 the power unit 13 is ?xed in floor 5 in the 
opening normally occupied by the rotary table of a conven 
tional rig. In this embodiment hollow sha? 15 has its interior 
adapted to receive and drive a conventional Kelly 60. For ex 
ample the interior of shaft 15 can be square in cross section to 
allow a square Kelly to pass therethrough. 

EXAMPLE 

A wellbore was drilled using substantially the apparatus 
shown in FIGS. 1 through 3. 
The wellbore had a diameter of substantially 3% inches 

starting at the bottom of the 4 l6 inch O.D., surface pipe set at 
128 feet and extending down to 4,186 feet, the total depth of 
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6 
the wellbore. The wellbore was drilled using 2 1/16 inch 
diameter drill pipe and a diamond bit, the electric motor in 
housing 13 being a 350 horsepower motor which was operated 
so as to rotate the drill pipe at about 1,500 rpm during sub 
stantially all the drilling of the wellbore. 
During the drilling, the lifting capacity on hook 19 was ad 

justed so as to maintain a weight of approximately 8,000 
pounds on the drill bit during rotation at about 1,500 rpm. A 
conventional water based drilling mud was employed during 
drilling. 
Both fans34 were operated at full capacity of 2,000 cubic 

feet per minute during drilling and no failure of cooling or 
overheating of the motor in power unit 12 was encountered 
during drilling of the entire wellbore. 

Reasonable variation and modi?cations are possible within 
the scope of this disclosure without departing from the spirit 
and scope of this invention. ' 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are de?ned as follows: 

1. A slim hole drilling method comprising rotary drilling a 
wellbore having a diameter no greater than about 6 inches, 
rotating the drill pipe during at least part of the drilling at a 
rate of at least 500 rpm, rotating said drill pipe with at least 
one shunt type direct current electric motor operably con 
nected to said drill pipe, limiting the torque output of said at 
least one direct current motor by decreasing the armature cur 
rent when a maximum desired torque output of the motor is 
reached, and moving said at least one electric motor with said 
drill pipe as said drill pipe moves relative to said wellbore. 

2. A method according to claim 1 wherein said wellbore 
diameter is from about 2 to 5 inches and said rotation rate is 
from about 600 to 2,000 rpm. 

3. A method according to claim 1 wherein the rotational 
speed of said at least one direct current motor is controlled by 
varying the armature voltage. 

4. A method according to claim 1 wherein the direction of 
rotation of said at least one direct current motor is controlled 
by reversing the current through the shunt ?eld of said motor. 

* * * it it 


