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Patented Apr. 7, 1953 2,634,099 

UNITED STATES PATENT OFFICE 
2,634,099 

AUTOMATIC DRILLING MACHINE 
Charles M. O'Leary, Los Angeles, Calif. 

Application October 10, 1946, Serial No. 702,539 

The present invention relates to rotary Well 
drilling apparatus and constitutes an improve 
ment on applicant's copending application, Serial 
No. 602,620, filed June 30, 1945, now Patent No. 

: 2,589,118, on Automatic Well Drilling Mechanism. 
This application is based in part on applicant's 
copending application, Serial No. 628,793, now 
Patent No. 2,582,217, filed November 15, 1945, on 
Hydraulic Drilling Mechanism. 
The foregoing application, Serial No. 602,620, 

discloses an apparatus for controlling the Weight 
of the drill bit on the formation in such a man 
ner that the drill bit pressure varies in accord 
ance with the torque required to rotate the drill 
stem, thus preventing the development of an ex 

... cessive drill stem twisting force. This result is 
achieved by varying the drill stem. Supporting 
force exerted by the hoisting drum. An import 

"...ant feature of the mechanism resides in the 
fact that the percentage rate of change of the 

... drill stem supporting force is less than the cor 
responding percentage rate of change of the drill 
stem rotating torque. This result is achieved by 
transmitting to the hoisting drum a drill stem 
supporting torque from one source which remains 
at a constant value, independent of drum speed, 
and augmenting the drill stem supporting torque 
by auxiliary means which transmit a torque pro 
portional to the drill stem rotating torque. 

... It is the general object of the present inven 
...tion to accomplish the objects of the foregoing 

... application, Serial No. 602,620, by improved mech 
anisms. 
Another object of the present invention is to 

provide improved means for adjustably control 

8 Claims. (C1.255-19) 
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ling the torque delivered by a variable torque 
- transmitting device in accordance with the torque 
delivered by a Separate mechanism, said means 
being capable of varying the torque transmitted 
‘by the variable torque transmitting device at 
a lower percentage magnitude of change than 
that of the torque transmitted through said sep 
arate mechanism. 
Another object of the invention is to provide 

I means for stopping rotation of the drill stem 
When the drill stem rotating torque becomes ex 
cessive in order to prevent twist-offs. 

i. Another object of the invention is to provide 
means effective to prevent rotation of the upper 
end of the drill stem in either direction after the 
drill stem rotating torque has reached the pre 
determined value. 
; Other objects and advantages of the invention 

, Will become apparent from the following speci 
fication, the accompanying drawings and the ap 
spended claims... . . . . . . . . . . . . . 
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In the drawings: 
Figure 1 is a diagrammatic view of the pre 

ferred form of the present invention; 
Figure 2 is a diagrammatic view of the elec 

trical circuit employed in the form of the inven 
tion illustrated in Figure 1; 

Figure 3 is a diagram illustrating the perform 
ance characteristics of the invention; 

Figure 4 is a diagrammatic view of a modified 
form of the invention; 
Figure 5 is an enlarged view, partly in section, 

of a portion of the mechanism shown in Figure 4; 
Figure 6 is a fragmentary view, partly in sec 

tion, of a brake mechanism employed in the form 
of invention shown in Figure 4; 

Figure 7 is a fragmentary section taken on the 
line - of Figure 4; 

Figure 8 is a diagrammatic view of a third form 
of the invention; and 

Figure 9 is a fragmentary section taken on the 
line 9-9 of Figure 8. 
In accordance with all forms of the present in 

Vention, a suitable source of power, such as an 
internal combustion engine, is connected to the 
hoisting drum of a well drilling machine by a 
means which, in connection with the source of 
power, is capable of transmitting to the drum a 
torque, that may be varied and maintained at 
any desired value, independently of the varia 
tions in the unwinding speed of the drum inci 
dent to the progress of the well drilling opera 
tion. A means responsive to the torque required 
to rotate the drill stem is provided for controlling 
the torque delivered to the drum by the variable 
torque transmitting device. This last means is 
adjustable not only to vary the general level or 
magnitude of the drill stem supporting torque, 
but also to vary the percentage rate of change 
in the drill stem supporting torque induced by 
a given precentage change in the drill stem ro 
tating torque. Each of these adjustments may 
be made independently of the other. As a re 
Sult, the percentage rate of change in the drill 
stem supporting torque may be substantially less 
than the corresponding percentage rate of change 
in the drill stem rotating torque, as is desired, 
and the mean drum torque may be readily ad 
justed to accommodate changes in the weight of 
the drill stem and/or the pressure of the drill 
bit on the bottom of the hole. - 
In the preferred form of invention illustrated 

in Figures 1 and 2, the variable torque trans 
mitting device comprises an internal combustion 
engine, the output of which is connected through 
a hydrokinetic torque converter to the drum. 
Since With such an arrangement the Output Speed 
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of the torque converter is negligible during the 
drilling operation, the engine and torque con 
verter will deliver a constant torque to the drum 
for any given engine throttle setting and that 
torque may be varied by adjusting the throttle 
position. Such adjustments in the throttle po 
sition are automatically made by an electrical 
torque responsive device associated with the ro 
tary table drive. It will be noted that the value 
of the transmitted torque is varied by changing 
the speed of the source of power, and, conse 
quently, the difference between the input and 
output speeds of the torque converter. Any suit 
able torque transmitting device capable of trans 
mitting a torque which varies in-accordance-with 
the difference between the input and output 
speeds may be used in place of the hydrokinetic 
torque converter. Examples of such devices in 
clude a hydrokinetic coupler and an electrical 
eddy-current coupler or clutch; however, a hy 
drokinetic torque converter is preferred because 
of its torque multiplication characteristics. 
Asshown diagrammatically in Figure 1, a hoist 

ing drum is connected by meanSofia chain 2 and 
suitable sprockets to the output of a change-Speed 
transmission, indicated diagrammatically at 3. 
The input of the transmission3 is connected by 
means of a chain 4 to the output:shaft 5 of a hy 
drokinetic torque converter, indicated diagram 
imatically at 6. The inputside of the torque Con 
verter is connected to and driven by an internal 
combustion engine if having an adjustable fuel 
feeding device, indicated diagrammatically at 8. 
The adjustable fuel feeding device 8 may be the 
usual intake manifold throttle valve employed 
in spark ignition engines or, in the case of diesel 
engines, may include the fuel injecter control 
mechanism. 
The rotary table 9, which may be of conven 

tional construction and is effective to rotate the 
drill stem during drilling operations, is driven 
from a suitable countershaft () by means of a 
chain i? and suitable sprockets. The counter 
shaft, in turn, is driven by a chain f2 and suit 
able sprockets from a shaft f3, which may be con 
nected to or disconnected from an aligned shaft 
4 by means of a pneumatic clutch 5. The shaft 
f4:may be driven in any suitable manner by means 
of a sprocket, 6 either from a separate source of 
power or from the previously mentioned engine 7, 
as desired. A pneumatically-operated brake 28' 
is also mounted On Shaft 3. 

Associated with the countershaft () is a suitable 
induction coil, indicated diagrammatically at 1 
and connected by means of a pair of Wires 8 and 
9 to an electrical control box 20 which contains a 
major portion of an electrical circuit hereinafter 
described. A pair of wires 2 and 22 extends from 
the control box 20 to the adjustable fuel feeding 
device 8 of the engine 7 for the purpose of con 
trolling the rate at which fuel is fed to the engine, 
as hereinafter more fully described. A third pair 
of wires 23 and 24 extends from the control box 
20 to the solenoid 25 of a three-way air valve 26 
which controls the admission of air under pres 
sure to the clutch 5. The valve 26 is connected 
to an air pressure supply line 27 and is connected 
by means of a line 28, which communicates with 
a central bore in shaft 4, with the operating 
mechanism of the clutch 5. The Valve normally 
connects the line 28 to an exhaust discharge line 
or port 29; however, when the solenoid 25 is en 
ergized, the exhaust discharge outlet is blocked 
and the pressure supply line 2 is connected to 
the line 28. The clutch 5 is of the normally-en 

0 

4. 
gaged type and is disengaged when air is sup 
plied thereto by means of valve 28. The details 
of construction of the clutch 5 form no part of 
the present invention and any suitable form of 
clutch may be employed. One Suitable type is 
illustrated diagrammatically in greater detail in . 
Figure 4, hereinafter described. 
The control box 20 is provided with three con 

strol knobs. 3, 3.f. and 32. As hereinafter set forth 
in greater detail, the control knob 36 adjusts the 
magnitude of the drill stem supporting torque, the 
control knob 3 adjusts the relative percentage 
smagnitude of change of the drill stem supporting 
torque with respect to the drill stem rotating 
*torque, and the control knob 32 adjusts the drill 
stem rotating torque at which the clutch 5 is 
automatically disengaged. 
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As shown diagrammatically in Figure 2, the 
torque responsive device constitutes the pickup 
sofa magneto-strictive torque responsive electrical 
circuit. While any suitable form of pickup may 
be employed for this purpose, the form illustrated 
comprises an induction coil 33, which surrounds 
a portion of the countershaft it. The coil 33 is 
connected through lines 8 and 9 to a coil 34 
Which is inductively coupled to a corresponding 
coil 35 which forms. One leg of a usual Wheatstone 
bridge, the other legs thereof being provided with 
impedances 36, 3 and 38. Ehe input terminals 
39 and 40 of the bridge may be connected to any 
suitable Source of alternating current by lines. 4 
and 42. 
The output terminals 43 and 4 of the bridge are 

illustrated as being directly connected to the ter 
minals of the primary winding of a transformer 
45, although it will be understood that, if desired, 
an airplifier may be interposed between the bridge 
and this transformer. The output of transformer 
45 is rectified, through a pair of usual rectifiers 46 
and 4i, and the rectified voltage is impressed 
acrossines-48 and 49. 
An adjustable portion of the voltage appearing 

between lines 48 and 39, which, as will be under 
stood, is proportional to the torque being trans 
initted through countershaft C, is utilized to con 
trol the Current flow in the previously identified 
lines 2 is and 22, which lines Supply a solenoid 50 
Which controls the position of the throttle valve. 
5 in the intake manifold 52 of the engine 7. 
More particularly, Solenoid 50 is supplied with di 
rect current through a conventional rectifier com 
prising rectifiers 53 and 54, which are supplied 
With alternating current from transformer 35. As 
shown, rectifier 53 is a diode, whereas rectifier 54 
is of the grid controlled type. It will be ap 
preciated that by varying the phase of the alter 
nating current potential impressed between the 
grid 56 of rectifier 54 and its cathode with respect 
to that of the alternating current potential im 
pressed between its anode and its cathode, the 
magnitude of current output of the rectifier 53-54 
may be varied between relatively widelimits. Of 
course, if desired, both of rectifiers 53 and :54 may 
be triodes and the phases of both their grids may 
be simultaneously shifted with respect to their 
Cathodes. 
Any Suitable means may be utilized to variably 

COintrol the justinentioned phase relations. The 
arrangement illustrated is conventional and com 
prises a transformer 5 having a secondary wind 
ing provided with a center tap which is directly 

- connected to the cathode of rectifier 55. The 
terminals of the Secondary winding of the trans 
former 57 are connected together by an imped 
ance network comprising a resistor 62 having a 
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variable impedance 59 of the saturable reactor 
type. The junction. 60 of elements, 58 and 59 is 
connected to the grid 56 of rectifier 54 through. 

- a resistor 6 and, preferably and as illustrated, 
a filter condenser 62 is directly connected between 
the grid and cathode of the rectifier 54. It will 
be understood that by varying the impedance of 
element, 59, the phase of the potential of terminal 
60, and, consequently, of that of the grid 56, may 
be varied from an in-phase relation to the cath 
Dde potential to any desired degree of out-phase 
relation to the cathode potential, thereby Wary 
ing the output of the rectifier, as previously men 
tioned. The relative polarities of transformerS 
55 and 57 are such that the excitation of sole 
noid 50 varies inversely with respect to the in 
pedance of winding 59. 
Changes in the impedance of element 59 are 

accomplished by variably exciting the direct cur 
rent winding 63, which is connected across a re 
sistor 64. Resistor it is directly connected in the 
anode circuit of a usual grid controlled Vacuum 
tube 65, which is supplied with anode current 
from any suitable direct current Source repre 
sented by conductors 33 and 67. The grid of 
vacuum tube 65 is variably connected, by the 
previously mentionedknob 3, to a potentiometer 
resistor 68, which, in turn, is directly connected 
across the previously mentioned lines 8 and 49. 
The cathode of vacuum tube 65 is connected to 
one terminal of a potentiometer resistor 69, which 
is supplied from a suitable direct current Source 
represented by lines and . The previously 
mentioned knob 3 controls a novable tap 2, 
which is also connected to one terminal of the 
resistor 68. The effective portion of potention 
eter 69 thus serves to provide a bias voltage for 
the grid of vacuum tube 65, which normally main 
tains this grid at a desired negative potential with 
respect to its cathode. As a result, increases in 
the voltage across resistor 68, increase the cur 
rent foW through tube 65 and winding 63 and 
thereby decrease the impedance of coil 59. This 
in turn increases the current through coil 50. 
Decreases in the voltage across resistor 68 have 
the reverse effect. 

It will be appreciated that the above described 
system will be so adjusted that for a given normal 
table torque imposed upon the countershaft, 
the voltage imposed across the lines 2 and 22, 
and, therefore, effective upon the Solenoid 5, Will 
maintain the throttle valve 5 in a position which 
will result in the imposition of a torque on the 
hoisting drum of the desired magnitude. More 
particularly, this normal torque of the counter 
shaft AG, required to rotate the drill sten, estab 
lishes an impedance for the winding 33 which pro 
duces a, normal amount of unbalance of the pre 
viously identified. Wheatstone bridge and causes 
the rectifier 46-67 to impress corresponding Volt 
age across lines 48 and 49. A portion of this 
voltage, determined by the setting of knob. 3, 
opposed by an adjustable bias, determined by the 
setting of knob. 3), establishes a normal bias for 
the vacuum tube 65, which normal bias produces 
a normal current flow through the Saturating 
winding 63 associated. With the variable imped 
ance 59. This normal current flow establishes 
a corresponding phase relation between the grid 
and cathode voltages of rectifier 54 and enables 
the rectifier 53-54 to pass the corresponding 
value of current to the solenoid 50. 
The total drill stem supporting torque exerted 

: upon the drum for any given table torque applied 
: through the countershaft fomay be adjusted by 
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6 
rotation of knob. 30. This results from the fact 
that adjustments of the knob. 30 adjust the grid 
bias of tube 65 and, therefore, the current flow 
through the tube. This, in turn, adjusts the 
position of the throttle valve 5t. The effect of 
adjustments of the control knob 30 is best illus 
trated diagrammatically in Figure 3, in which 
Variations in table torque are shown plotted 
against variations in drum torque. If the system 
were so adjusted that throttle 5 was fully closed 
When the table torque transmitted through 
countershaft was Zero, the apparatus would 
have a performance curve corresponding to that 
indicated by the line 73. This, however, is un 
desirable, since it results in excessive variations 
in the drum torque for normal table torque fluc 

By adjusting the control knob. 30, the 
position of the performance curve may be shifted 
from that indicated by the numera 3 to Such 
curves as those indicated by the numerals 4 and 
5, in which a Substantial drum torque is imposed 

even though no table torque exists. However, 
since the magnitude of change in drum torque 
for a given change in table torque is unchanged 
by these adjustments while the total drum torque 
is increased, the percentage change is altered 
somewhat. 

It will be noted that the slopes of the lines 
i3, 4, 75, etc., are determined by the setting of 
the knob 3, which serves to determine the mag 
Initude of change in drum torque for a given 
change in table torque. Thus, in order to reduce 
Or increase the actual magnitude of change in 
drun torque for a given change in table torque, 
it is Only neceSSary to adjust the position. Of the 
knob 33. For example, if it is desired to obtain 
a performance curve corresponding to that in 
dicated by the numeral 76, it is only necessary 
to adjust knob. 3 in a direction to reduce the 
amount of the total potential acroSS lines 48 and 
É9 which is applied to the grid of tube 65. This 
increases the Slope of the curve and the latera. 
position of the curve may be varied by adjust 
ing knob 3 to produce any desired mean drun 
torque. 

it will be understood that the electrical con 
trol circuit connecting the pickup. Coil, . With 
the engine throttle is, in itself, merely illustrative 
of One of many possible forms of measuring 
and amplifying circuits which may be utilized 
to control the throttle position in accordance 
with variations in the torque transmitted through 
countershaft , . Accordingly, other measuring 
and controlling circuits known to those skilled 
in the art may be employed in place of the type 
illustrated. In addition, it will be apparent that 
any form of electrical torque transmitting device 
may be substituted for the coil 7. Thus, for ex 
ample, the coil it may be replaced by the familiar 
strain gauge type of pickup which may be associ 
ated, in any desired manner, either with the ro 
tating shaft. S. Or, in accordance. With conven 
tional practice, with any member which is Subject 
to a strain proportional to the table torque. 
In some cases, for One reason. Or another, 

during drilling operations the drill stem becomes 
wedged by falling boulderS or its rotation other 
Wise becomes blocked, with the result that the 
continued application of a twisting force to the 
upper end of the stem will cause a twist-off or 
breakage of the stem. In order to avoid this 
'difficulty, there is incorporated in the preferred 
form of the present invention automatic means 
for disengaging the table drive when the torque 
required to rotate the drill stem reaches a pre 
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determined maximum value. This means is con 
trolled by the same magnetostrictive pickup coil 

which controls the position of the throttle 
valve 5. 
Thus, as best shown in Figure 2, the solenoid 

25 of control valve 26 is adapted to be energized 
when current flows through the lines 23 and 24, 
which are extensions of the previously mentioned 
lines 66 and 67. The flow of current through 
the extensions of lines 66 and S is controlled 
by a vacuum tube and a pair of relays 3 and 
79. The coil of relay 78 is connected in the anode 
circuit of the tube 77, which is of the usual grid 
controlled type and which is supplied with cur 
rent from the lines 66 and 67. The grid of vac 
uum tube 77 is variably connected by the pre 
viously mentioned knob 32 to a potentiometer 
resistor 80, which, in turn, is directly connected 
across the previously mentioned lines S8 and 49. 
The cathode of vacuum tube 77 is connected to 
a Suitable Source of direct current potential, in 
dicated diagrammatically at 8, the opposite 
side of which is connected to one terminal of 
potentiometer 80. This provides a bias voltage 
for the grid of the vacuum tube 7, which nor 
mally maintains this grid at a desired negative 
potential with respect to its cathode. 
The amount of grid bias supplied by the 

Source 8 and the position of the knob 32 which 
controls the potentiometer 83 are so selected 
that when the torque tranSmitted through the 
countershaft to reaches a predetermined maxi 
mum value, the current flowing through the 
anode circuit of the tube 77 will be just sufficient 
to close the contact 82 of the previously men 
tioned relay coil 78, this relay being of the type 
which does not operate until a predetermined 
current flows through the coil. Closure of the 
contact 82 energizes relay coil 79 and thereby 
closes the contacts 83 and 84 associated there 
with. Contact 83 is positioned in a holding cir 
cuit for the relay coil 9; and contact 8 closes 
the circuit to the valve operating solenoid lines 
23 and 24, thus energizing the Solenoid 25 and 
shifting the valve 26 to the position in which it 
disengages clutch 5. This will immediately re 
duce the torque imposed upon the drill stern, but 
the resulting reduction in torque will not de 
energize the Solenoid 25 by reason of the fact 
that the holding circuit for the relay coil 9 
remains closed even after the contact 82 is 
opened. Consequently, the drive to the rotary 
table 9 remains disconnected until the circuit 
through the relay coil 79 is broken by opening 
the normally closed manual switch 85 in the 
circuit of the coil 19. The torque at which the 
clutch 5 is disengaged by the above described 
apparatus may be adjusted at will by means of 
the control knob. 32 of the potentiometer 80, 
which controls the amount of potential across 
lines 48 and 49 which is imposed upon the grid 
of the tube. 
The detailed construction of the clutch 5 of 

Figure 1 forms no part of the present invention 
and, therefore, it may be of any desired or con 
ventional type. Thus, it may, for example, be 
Similar to the hydraulically operated clutch 
illustrated and described hereinafter in connec 
tion with the form of invention shown in Fig 
ure 4. 
During deep rotary Well drilling operations, 

the drillstern rotating torque winds up the long 
'drill stem to a substantial degree. Consequently, 
if when the table torque reaches a maximum de 
sired value the table is disconnected from the 
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8 
drive engine by clutch 5, the drill stem will un 
twist rapidly, thereby driving the table in re 
verse direction at high speed. Since this is unde 
sirable, a brake 20' is provided for preventing 
Such reverse rotation of the table driving mecha 
nism. This is accomplished by connecting the 
operating cylinder 66' of the pneumatically 
operated brake 20' to a pressure line 28. This 
brake mechanism may be of the type illustrated 
in greater detail in Figures 4 and 6. The brake 
may be released gradually to permit a slow un 
Winding rotation of the drill stem by closing a 
manual shut-off valve 63' in line 27 and just 
cracking open a bleed-off valve 64' in line 65' 
to the brake cylinder. 
In Figures 4 through 7 is illustrated an alter 

native form of the invention, in which the 
Variable torque transmitting mechanisim com 
prises an infinitely variable positive displace 
ment hydraulic transmission having means for 
maintaining the torque transmitted thereby at 
a Substantially constant value SO long as the 
table torque remains constant. A torque respon 
sive means is associated with the rotary table 
drive for modifying the torque transmitted to 
the hoisting drum in Such a manner as to pro 
duce a characteristic curve of the type indicated 
by the lines gig, 5 and 6 in Figure 3. 

Referring to Figure 4, the apparatus includes 
an engine 86, the shaft 8 of which is connected 
by means of a manually Operated clutch 88 to a 
Sprocket 89. The sprocket 89 is connected by 
means of a chain 96 to a sprocket 9 on the shaft 
of a positive variable displacement pump '92. 
The pump. 92 is connected to a positive displace 
ment pump 93 by a low pressure line 93 and a 
high pressure line 95. The output shaft of the 
pump 93 is connected by a sprocket 95 and a 
chain 9 to a sprocket 98. On the drill stem hoist 
ing drun 99. Any Suitable torque multiplying 
device may be incorporated in the connections 
between the sprocket 96 and the drum '99, as 
desired. 
The shaft 87 of the engine 86 is also con 

nected by means of a hydraulically -operated 
clutch 30 to the input shaft of a differential 
mechanism, indicated generally at 02. The 
clutch f is normally engaged but may be dis 
engaged by the application of fluid under pres 
sure in pipe 3. Thus, as shown more or less 
diagrammatically, the clutch 00 includes a plate 
94 fixed to the shaft and a plate O5 which 

is Splined to the shaft 87. Plate O5 has a rear 
Wardly directed annular flange forming a cylin 
der which receives a piston 6 fixed to the shaft 
8. The right-hand end of the-cylinder is closed 
by means of a plate 87. Operating fluid is ad 
mitted to the space between the piston G6 and 
the right-hand end of the cylinder by means of 
a passageway through the shaft 87, indicated in 

; dotted lines at 8. This passageway communi 
cates with the interior of an annular chamber 
in a Stationary member 109, which surrounds 
the shaft 87 and is connected to the previously 
mentioned pipe 03. Springs fe9a normally hold 
the clutch engaged, but, on application of fluid 
under pressure to the pipe. f63, the clutch plate 
05 is retracted to the right and thereby dis 

: Connects the drive connections between the shafts 
"87 and . 
The differential mechanism 0.2 may be of any 

suitable type but, as illustrated, comprises a 
housing if 0 which supports and journals an out 
..put shaft i? and a tubular torque reaction shaft 
if 2. Shaft. Of passes through the tubularshaft 
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2 and is journaled for independent rotation 
therein. The inner end of the shaft it carries 
a spur gear if 3 which meshes with a plurality 
of planet gears 4 journaled on the tubular 
shaft 2 and meshing with a ring gear 5. AS 
a result of this construction, torque may be 
transmitted through the differential from Shaft 
9 to shaft f, it being understood, however, 

that shaft if Will rotate in the opposite direc 
tion to that of shaft it so long as the tubular 
reaction shaft 2 is substantially stationary. In 
addition, it will be appreciated that there will be 
transmitted to the tubular shaft 2 a reaction. 
force proportional to the torque transmitted to 
shaft . This reaction force, as hereinafter 
pointed out in greater detail, is utilized to con 
trol the torque transmitted by the hydraulic 
transmission 92-93. 
The output shaft f is connected in any Suit 

able manner, as by means of sprockets f6 and 
is and a connecting chain 8, to a conven 

tional rotary table 9 adapted to rotate the 
drill stem during the drilling Operation. Any 
suitable speed ratio change devices or reverse 
gears may be incorporated in the drive between 
the shaft and the rotary table, as desired. 
Mounted on the outer end of shaft is a brake 
drum 2 which, as hereinafter pointed out, is 
adapted to hold the shaft and, therefore, the 
rotary table against rotation under certain cir 
cumstances. 

In accordance with conventional practice, 
either one of the positive displacement pumps 
92 and 93 may be provided with means for vary 
ing its displacement from zero to a flow of any 
desired magnitude in either direction. How 
ever, in the preferred form of apparatus illus 
trated diagrammatically in the drawings, only 
the pump 92 is of the variable displacement type, 
the pump 93 being a constant positive displace 
ment pump. - 
While any desired type of positive variable 

displacement pump may be utilized, one satis 
factory type of pump is the wobble plate type 
pump. Both of the pumps 92 and 93 may be of 
the same type, but only pump 92 need have means 
to adjust the angle of the wobble plate to vary its 
displacement. Since the detailed construction of 
the hydraulic pumps 92 and 93 may be con 
ventional and forms no part of the present in 
vention, no further illustration and descripticn 
are necessary. It is sufficient to note merely that 
when the wobble plate of pump 92, indicated 
fragmentarily at 2 in Figure 5, lies in a plane 
at right angles to the axes of the pump cylinders, 
the displacement of the pump is zero and, con 
Sequently, rotation of the pump shaft by the 
Sprocket 9 Will not result in the flow of any 
liquid through the pump. When the angle of 
the Wobble plate 2 is shifted in one direction 
from its zero displacement, flow will occur in one 
direction; while a shift of the wobble plate in the 
opposite direction from the Zero displacement 
position Will result in flow through the pump in 
the opposite direction. 
The two pumps 92 and 93, are so connected 

hydraulically that the shaft of pump 93 will ro 
tate in one direction or the other, depending upon 
the direction of flow of the liquid through the 
punpS 32 and 83, and will remain stationary 
When no flow occurs through the pumps. As a 
result, during the drilling operation the Weight 
of the drillstein supported by the hoisting drum 
39 in the usual manner will be transinitted 
through sprockets 96 and 98 to the shaft of pump 
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10. 
93 and develop a back pressure at the high pres 
sure side of pump 93 which is proportional to 
that portion of the weight of the drill stem 
which is supported by the hoisting drum. This 
preSSure is transmitted to the pump. 92, and con 
nections are provided for adjusting the angle of 
the Wobble plate 2 in pump 92 to maintain the 
pressure developed by pump 93 at a substantially 
constant value, regardless of the direction of ro 
tation or the speed of rotation of the hoisting 
drum. Therefore, except as hereinafter pointed 
out, the hydraulic transmission always tends to 
Support a fixed weight, regardless of the rate of 
progress of the drilling operation. 
The means for controlling the pressure devel 

oped in the high pressure line 95, which con 
nects the pumps 92 and 93 in order to maintain 
that pressure at a substantially constant value, 
is best shown in Figure 5. As there shown, the 
wobble plate 21 of pump 92 is connected to a 
differential double-acting piston f 22 by means 
of a ball and socket joint, indicated generally at 

The piston 22 is slidable in a cylinder 24, 
the large end of which is connected by a con 
duit 25 to a port 26 in a pressure control valve 
2. The Small end of the cylinder is connect 
ed by a conduit 28 to the high pressure line 95, 
as best shown in Figure 4. A line 29 also con 
nects the high pressure line.95 to a port 30 of 
the control valve 27. The pressure control valve 
is Supplied with a third port 3, which is con 
nected by means of a line 32 to the low pres 
Sure line 94. 
Walve 2 includes a spool having a pair of 

lands 33 and f34. A coil spring 35 normally 
urges the valve toward the left, as viewed in 
Figure 5. Iland 33 is adapted to control com 
munication between conduit 25 and the con 
duits 29 and 32. Since the pressure existing 
in the high pressure line 95 is in communication 
With the left-hand side of the spool, the spool 
Will aSSume the position in which that pressure 
balances the force exerted by spring 35. When 
that position corresponds to the position illus 
trated in Figure 5, port 26 is closed by land 
33. Consequently, the right-hand end of cyline 

der 24 is in communication with the high pres 
Sure line 95 and the fluid at the left-hand end 
of the cylinder 24 is trapped. This locks the 
Wobble plate 2 in whatever position it assumes 
at the time the Spool of control valve. 2 reaches 
the position illustrated in the drawing. In the 
event that an additional torque is imposed upon 
the pump 93 by the hoisting drum 99, the pres 
Sure in line 95. Will tend to increase, thereby 
shifting the spool of valve 27 to the right, as 
Viewed in Figure 5, against the action of the 
Spring 35. This permits fluid to flow from the 
line 29 through the valve and line 25 to the 
left-hand end of cylinder 24, thereby shifting 
the Wobble plate to a position in which it permits 
a greater flow of liquid through the pump 92 in 
a direction from the line 95 to the line 94. It 
Will be apparent that this increased flow through 
pump 92 (which is then acting as a motor, drive 
ing pump. 93) increases the unwinding speed of 
the drum 99 and, therefore, causes the drill stem 
to apply greater preSSUre to the botton. Of the 
hole. This reduces the amount of weight of the 
drill stem which must be supported by the hoist 
ing drum 99 and, consequently, reduces the pres 
Sure in line 95. As SOOn as the pressure in line 
35 reduces to its original value, the spool of 
valve 2 will return to the position illustrated 
and thereby hold the Wobble plate 2 in its. 
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neW. position-of-adjustment. Accordingly, the is 
valve 2A serves to maintain...the-pressure in line, 
95 at a constant value and, therefore the torque 
exerted by the pump. 93 on the: drum, remains. 
at a constant value... This value-may-be-adjusted ; 5. 
by adjusting the tension of Spring-35; and means: 
are provided for so varying the tension...of spring 
35 as to vary the pressure in line.95 and, con 

Sequently, the hoisting drum -torque to produce: 
the desired changes in the supported...weight of 10 
the drill stem. previously described. 
Thus, as ShoWh in Figures 4 and 5therea, read: 

of the Spring 35. Seats against, a plunger: 36ther 
position of Which is controlled by a sidingsten, 
3A. An adjustable cap: nut 38 is threaded. On 5 ; 

the end of stem 3 and bears against acam 39. 
Which, as best ShoWnt in Figures 4 and 7, is fixed 
to the tubular torque; reaction.shaft. 2-of the 
differentiaineehanism ... It Will be noted as: 
best shown in Figure 7, that, the control, Valve: 2 20: 
is mounted on a bracket, Secured to thes casa . 
ing . , of the differential mechanising: If thes: 
input shaft, its of thef: differential is rotated. 
clockwise; as-Viewed in Figure, as is:normal, they 
torque reaction exerted on the: tubular: shaft .25 

2 and, therefore, on the can 39; tends to SWing 
the can in a clock Wise: direction. Rotation...of 
the canis resisted by means Of a relatively heaWy? 
coil Spring 4, one end of. Which is connected: 
to the can and the other to a stationally backet. 30. 
42 by means: of an eye-bolt 43rand a pair of . 

adjusting nuts: A4i, In, Order to dampeh.3the 
movements of the cam 39, the can is connected. 
to the casing of thes; differential by means. Of 
a double-actingdashpot. 45. 
The Operation of the mechanism. So far des. 

scribed is as follows, Aspreviously indicated, the: 
control valves 2 normally OperateStornaintain. 
the Supported. Weight of the dri. Sternata, COne. 
stant value independent of the Speed of rotation. 40 
of the hoisting drum, That Value is determined." 
for any give drillisten rotating: torce transs, 
mitted through the:differential 92 by the adjust 
ment of the nut 38 on the Valve plunger 3. 
To facilitate. Such adjustment, the cap nut. 38; 4.5 
is preferably made as the hubiofia hand. Wheel. 

6, asbest shown in Figures. Any; Suitable 
means, Such as allock nuti, may be germployed. 
to lock...theghand Wheel in any desired adjusted. 
position. 
justment will be changed from time to time.a.S. the 
weight of the drill stem increases during...the 
drilling Operation. So longi, as the torque:re is 
quired to rotate:the drillistentiremains constant. 
the can 39Will remainstationary and, conses. 55 
quently, the torque: On...ther dril. Stein, Will res. 
main constant. Iri the event of an increasesin, 
the torque required to rotate the drillstein, the 
torque reaction exerted on the can 39 Will tend 
to rotate the camin a...clockwise direction, as: 60 
viewed in Figure: 7; thereby compressing: the: 
Spring .35 and causing:the control.Valve: 2 t0. 
balance the System at a higher pressure in the 
line 95 and, therefore, With a greater weight, Sup: 
ported by the hoisting drum: 99 andless Weight on 65. 
the botton of the holeis. Reductions;in thesdri, 
Stern rotating: force:Will have the reverse; effect. 
In Order to produce the desired result, the mecha- a 
nism is SQ.. designed that the percentage in agnir - 
tude of change in the drillisten supporting torques 70. 
On the hoisting: drum.99 is substantially less than 
the percentage magnitude; of change in the: drill 
Sten rotating torque which caused that change 
in the drum torque; thus producing: a character 
istic curve of the general type indicated by the 75 

35 
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lines:45 and 6 in Figure 3. Thus, for example,: 
fifty per cent change in the.table torque. Inay 
effect...Only five. percent or...less change in the . 
drun torque: 

In Order to, permit an adjustment in the rate, 
of-change in the drum torque for a given change. 
in the table torque, as Spring having a -different 
characteristic may be. Substituted either for the 
Spring 35 or Spring 4, or, as is preferred, the 
slope, of the can, 39 is adjusted to change the 
travel of rod 3 for a given angular movement 
of the scan.: . This is: accomplished by pivoting 
the: can near. Onegend, by means of a bolt 8 
on anarian: 9 fixed to shafts. 2. A second bolt. 
53; extends through an opening in arm f9 and 

a...slot 5 in the can adjacent...itS opposite end, 
and serves to clamp the camin any desired angu-- 
lar position of adjustment. 
It will be apparent from the above that the 

mean drill. Stein-Supporting torque imposed upon. 
the-hoisting drum, as Well... as the percentage; 
rate of change induced in the drill Stern Support-- 
ing torque by a given: change in the table torque, 
may be readily adjusted by means of hand. Wheel 

: 46 and the adjustable can 39 to produce any 
desired performance-characteristic curve. Con 
sequently the meehanism of Figures:4-through 7. 
may be utilized to perform the same functions 
as that previously described in Connection with 
Figures 1 and 2.3. The:differential gear type of 
torque responsive element disclosed in Figure 4. 
is preferred for use in connection. With the posi 
tiVeridisplacement hydraulic transmission foi, the: 
reason that it can be easily designed to deliver. 
the rather substantial force required to control: 
the Valves: 2. It will be appreciated, however, 
that "any other form: of torques responsive de 
Vice in the stables drive may be substituted for 
the differential mechanism. Thus, the form of 
tOrque: responsive; device disclosed in Figures 1. 
and 2 inay be substituted for the differential 
mechanism, or swice; versa; 
The mechanism...for declutching the table drive . 

When the table: torque: reaches; a predetermined 
maximum. Value is: best, shown in Figures 4 
through 7. As there shown, the previously men 
tioned.pipe 93 is connected to the discharge port 
(52. Of: a control: valve 53 and theinlet port. 
5A of the control valveis connected by means 

of a line:55 to the high pressureline 95. 
AS best shown in Figure.7, the valve 53 is pro 

vided with a plungerf56 which is urged at all 
times by a light spring 5 in a direction to close 
the port 52.. The valve plunger is provided with 
an Operatingstem.58 of Smaller diameter than 
the port. 52, with the result that the pressure 
applied to the 3 interior of the ... valve housing 
through line. 55; assists: the spring 257 in hold 
ing the Valves closed. The stem, 58;is connected 
by a lost motion connection. 59, to a rod 6 
Which, in turn, is connected by means of a 
turnbuckle 6 to an aligned rod 62 that is piv. 
Otally connected to the arm 49 of shaft 2. The 
adjustment of the turnbuckle...f6i and the length. 
of the slot in the lost notion connection, 59 
are:Stlch...that the Valve: 53 remains closed until 
the torque reaction on the shaft if 2 rotates that 
shaft to the maximum desired degree in a clock 
Wise direction, as viewed in Figure 7, at which 
time the movement of the shaft 2 will unseat 
the-Valve plunger...f56 and thereby transmit fluid 
under pressure to the line: 03. This disengages 
the clutch... 

It will be observed that once the valve plunger 
56 is unseated, the pressure acting on the left 
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hand end of the plunger will tend to hold the 
valve open. The spring 5T is made sufficiently 
light so that it does not overcome this tendency. 
Therefore, once the valve has been opened by 
clockwise rotation of the shaft. 2, it Will re 
main open, regardless of the position of the 
shaft. 
In order to close valve 56 when desired, it is 

necessary to close communication between the 
valve and line 95 by means of the hand Valve 
63 and open the hand valve 64 which connects 

the interior of valve 53 to the low pressure reser 
voir or the low pressure line 94. This relieves 
all of the pressure acting on the valve 53 and 
permits the spring 57 to seat the plunger 56 
and thereby close the discharge port 52. AS 
soon as the valve, 53 is closed, valve 63 may 
be opened and valve 64 closed to restore the 
mechanism to normal operating condition. 
Means are provided for slowly releasing the 

brake band 67 to permit a gradual unwinding 
of the drill stem. This is accomplished by Con 
necting the discharge port of valve 53 by means 
of a line. 65 to the operating cylinder 66 of a 
hydraulic brake mechanism, shown best in Fig 
ures 4 and 6. This mechanism includes the pre 
viously mentioned brake drum 20 on shaft, 
a brake band. 67, a brake operating lever. 68 
and a piston 69 in the brake operating cylinder 
f 66. The cylinder 66 may be pivoted by means 
of a pin 70 to any suitable support and con 
tains a spring 7 which normally holds the 
brake band 67 in a disengaged condition. It 
Will be apparent that when valve 53 opens, 
piston 69 will move to the left, as viewed in 
Figure 6, and apply the brake, thus preventing 
the previously mentioned reverse rotation of the 
table incident to the declutching of the table 
drive. The brake band 67 may be released grad 
ually to permit a slow unwinding rotation of the 
drill stem by closing the previously mentioned 
valve 63 and just cracking open the drain Valve 
64 to permit a slow bleed off of the pressure 

in cylinder 66. 
It will be appreciated that the brake mecha 

nism employed in the form of invention illus 
trated in Figures 4 through 7 may beincorporat 
ed, if desired, in the form of invention illus 
trated in Figures 1 and 2. 
In Figures 8 and 9 is diagrammatically illus 

trated a furtherform of the invention in which 
a variable torque transmitting mechanism con 
prises an engine driven externally excited eddy 
current clutch and in which the torque trans 
mitted to the drum by the eddy current clutch is 
controlled by a torque responsive device in the 
table drive which is effective to vary the ex 
ternal excitation of the eddy current clutch. 
Thus, as shown in the drawings, a hoisting drum 
T2 is connected to the output shaft 3 of any 

Suitable form of change-Speed transmission 4. 
The input shaft 75 of the change-speed trans 
mission is connected to the inner member of an 
eddy current clutch 76, the outer member of 
Which is Connected to the shaft of an engine 
or motor. 8. It will be understood that in ac 
cordance with conventional practice, either the 
inner or the outer member of the eddy current 
clutch f 76 will be provided with a suitable field 

70 coil, indicated diagrammatically at 79, by means 
of which the clutch is excited. The field pro 
duced by the coil 79, since it will rotate with 
respect to the other member of the clutch when 
there is any difference in their relative speeds, 
will induce eddy currents in such other member 
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14 
which, since they will be cutting the lines of 
force produced by the exciting field, will trans 
mit an electromotive force from one of the clutch 
members to the other. Consequently, for any 
given excitation of the field coil 79, the torque 
transmitted from the shaft TT to the shaft 6 
Will be proportional to the difference between 
the Speeds of those shafts. 
Shaft 7 is driven by the engine or motor 78 : 

at a relatively high speed in the direction indi 
cated by the arrow thereon, while shaft 75 will 
be rotated in the opposite direction during nor 
mal drilling operations by the unwinding rota 
tion of the hoisting drum 72. The speed of 
rotation of the shaft 15 incident to penetration 
of the drill bit is relatively slow even though 
substantial torque multiplication is provided by 
the transmission 4. In accordance With the 
present invention, the speed of shaft. 77 is made 
so much higher than that of the maximum speed 
of shaft 15 in a reverse direction that variations 
in the speed of shaft 75 incident to variations 
in the rate of drill bit penetration will have a 
negligible effect upon the difference between the 
speeds of shafts 5 and 77. Consequently, for 
a constant speed of shaft 77 and a constant 
excitation of coil 79, the torque transmitted to 
the drum 72 remains at a substantially constant 
value. This value is so selected that it supports 
all of the weight of the drill stem except that 
portion necessary to provide the desired pressure 
of the drill bit on the bottom of the hole. The 
mean value of this torque may be adjusted by 
adjusting the speed of the engine or motor. 78. 
If an internal combustion engine is used, that 
adjustment will be effected by changing the posia . 
tion of a fuel feeding control device, such as an 
intake manifold throttle valve. 
The rotary table 80 is driven in any suitable 

manner from a second engine 8 through a dif 
ferential mechanism 82 similar to the differen 
tial mechanism (2 previously described. The 
tubular torque reaction shaft 83 of the differen 
tial 82" is provided with an arm 84, which is 
connected to a stationary bracket 85 by a heavy 
coil spring 86 which resists clockwise rotation 
of reaction shaft 83 in response to table torque 
reaction forces. Consequently, the angular posi 
tion of the arm 84 will vary in proportion to 
variations in the table torque. The arm f 84 is 
connected by a linkage 8, which includes a 
turnbuckle 38, to the movable arm 89 of a 
Variable resistor 99 connected in series with the 
field coil. 79 across a suitable source of electric 
potential, indicated by the lines 9 and 92. 
Consequently, movements of the arm 34 incident 
to variations in the table torque will vary the 
resistance in the field circuit of the eddy current 
clutch 76 and thereby vary the torque trans 
mitted to the hoisting drum. The mechanism 
is so designed that substantial percentage in 
creases in the table torque will effect minor per 
centage increases in the drun torque transmitted 
through the clutch f : 6, and vice versa. 
With the above described mechanism, the 

torque transmitted to the drum for any given 
table torque may not only be adjusted by adjusts . 
ing the speed of the engine or motor f78, but 
may also be adjusted by adjusting the turnbuckle 
88. In order to adjust the percentage rate of 
change of the drum torque for a given percent 
age change in the table torque, it is only neces 
sary to connect the linkage 87 to the arm 84 
at any one of a plurality of points spaced radially. 
from the axis of the shaft 83, For this purpose, 
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a plurality: of apertures, 93 is sprovided in the: 
aren. 84 for the reception of a -bent end of thes 
linkage: 8t. 
While a differential torque responsive means is 

employed in connection, with the mechanisin. Of 5 
Figures 8 and 9, it will be apparent that the field 
excitation of clutch 76 may be controlled by the 
electrical torque responsive apparatus of Figure 2, 
in which event the coil 50 of Figure 2 will be the 
field coil of the eddy current clutch. 6. More-, 10. 
over, if desired, the differential mechanism of 
Figure 9 and its associated linkage ST may be 
connected directly, to the engine throttle 5? of 
Figure.2 in lieu of the electrical torque controlled 
device-there disclosed, or the differentially con- 15. 
trolled variable resistance. 90 of Figures 8 and 9 
may be utilized to control the flow of current in 
the throttie.control solenoid of Figure 2 without . 
departing from the spirit or Scopes of: the in 
vention. 
While several forms of the invention have been 

illustrated and described herein, it Will be appar- - 
ent that variations in the construction...and ar-, 
rangerinent of parts may be indulged in. Without 
departing from the spirit of the invention or the 25 
scope of the appended claims. 
What is claimed is: 
1. Rotary well drilling mechanism including. 

means-to-rotate the drill stem, an engine driven 
variable positive displacement hydraulic trans- 30 
mission for exertinga-drill stem supporting force 
proportional to the hydraulic pressure developed 
in said transmission, hydraulic means for varying 
the Speed, ratio of said transmission, a control 
valve-mechanism for said hydraulic means re-35 
sponsive-to-the-pressure-developed in said trans 
mission for maintaining. Said pressure at a Sub 
stantially constant value by adjustment of said 
speed ratio, said control valve mechanism includ 
ing means for exerting a substantially constant 40 
biasing force on said control valve in the direction 
of actuation which tends to increase the hydrau 
lic, pressure; in said transmission, means for 
applying a force, on said valve in a direction to 
opposer said biasing means and which varies in 45 
magnitude... with the hydraulic-pressure in said 
transmission, and a torque; responsive apparatus. 
operatively connected to said drill stem rotating. 
means and connected to said biasing means for . 
increasing the force exerted by said biasing means 50 
on said: control valve: by an amount which is 
approximately proportional to the torque required 
to rotate: the drill stem. - 

2. Rotary Well drilling mechanism including 
means to rotate the drill stem, an internal con- 55 
bustion engine having means for controlling the 
rate of fuel consumption, an eddy current clutch 
having its input shaft connected to the engine, 
a hoisting drum: connected to the output shaft 
of said clutch and adapted to support a portion 60 
of the weight of the drill stem, said clutch hav 
ing an externally excited field coil, means for 
varying the electrical current flow through said 
field coil, and as torque, responsive apparatus 
operatively connected to said drill stem rotating 65 
means and connected to said current flow vary-- 
ing means for increasing the current in said coil. 
by an amount approximately proportional to the: 
torque-required to rotate the drill stem. 

3. Rotary well... drilling mechanism including 70 
drive means for rotating the drill stem, a disen 
gageable clutch in said drive means, a hoisting. 
drum for supporting a portion of the Weight of 
the drill stem, torque transmitting means capable. 
of transmitting to the drum a substantially con 75. 
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stant torque which is independent of variations, 
in the speed of the druin incident to changeSin,; 
the rate of drill bit penetration, control means; 
for adjusting the value of the torque-transmitted." 
by said means, a torque responsive apparatus 
operatively, connected to said drill ster rotating: 
means and connected to said control means for, 
increasing the torque applied to said drun by 
said torque transmitting means by an amount: 
which is approximately proportional to the torque 
required to rotate the drill stem, and means for 
disengaging said clutch when the drillstein rotate. 
ing torque; reaches a predetermined value. 

4. Rotary well drilling mechanism including 
drive means for rotating the drill stem, a disen 
gageable clutch in said drive ineans, a brake. 
adapted on engagement to prevent rotation of 
said drill stem, a hoisting drum for supporting a . 
portion of the weight of the drill stem, torque: 
...transnitting means, capable of transnitting to 
the drum a substantially: constant torque.:which 
is independent of variations in the Speed of the 
drum incident to changes in the rates of drill bit 
penetration, control means for adjusting the 
'Value of the torque transmitted by Said means, 
a torque, responsive apparatus: operatively con 
nected to said drill stem...rotating means and . 
connected to said controlineans for increasing: 
the torque applied to said drum by said torque 
transmitting means by an amount which is ap 
proximately, proportional to the torque required 
to rotate, the drill stem,...and means for disengag: 
ing said clutch and engaging said brake When the 
drill stem rotating torque, reaches: a predeter-. 
inined. Value 

5. In a rotary well drilling mechanism, means: 
for rotating the drill stem including a disengages. 
able clutch in the drive connection, means for 
disengaging said clutch When the torque required. 
to rotate the table reaches a predetermined Value, 
a torque: responsive apparatus operatively con 
nected to said drill Stem rotating means and to 
Said clutch disengaging means for actuating the 
clutch disengaging means when the torque re 
quired to rotate the table. reaches as predeter 
mined value, and means for preventing reverse 
rotation of the upper end of the drill stem when. 
said clutch is disengaged. 

6. Rotary well drilling mechanism, including. 
means to rotate the drill stem, an engine-driven 
variable positive displacement hydraulic trans 
mission for exerting a drill stem supporting force. 
proportional to the hydraulic pressure developed 
in Said transmission, hydraulic heans for varying: 
the Speed ratio of said transmission, a control. 
Valve mechanism for Said hydraulic means re 
Sponsive to the pressure developed in said trans 
mission for naintaining said pressure at a subs 
Stantially constant value:by adjustment of said. 
Speed ratio, said control valve mechanism includ 
ing means for exerting: a substantially, constant. 
biasing force on said control valve in the direc 
tion which tends to increase the hydraulic press. 
Sure in said transmission, means for applying a 
force on Said waive in a direction to oppose said, 
biasing means and which varies in magnitude 
With the hydraulic pressure in said transmission. 
and a torque responsive apparatus operatively 
connected to Said drill stem rotating means and 
connected to Said valve mechanism for increasing 
the total biasing force on said valve in said direc 
tion... by an amount approximately proportional 
to the torque required to rotate the drill stem. 

7. A. power transmission.system for use: in 
rotary: Well, drilling, including a hoisting drum 
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for sustaining at least a portion of the Weight of 
the drill stem, a driving member for rotating the 
drill stem, a torque transmitting mechanism con 
nected to the hoisting drum, control apparatus 
for maintaining the torque delivered to the drum 
by said mechanism at a substantially constant 
value which is independent of variations in the 
speed of the drum incident to changes in the 
rate of penetration of the drill bit, means con 
nected to said control apparatus for adjusting 
the torque maintained by said control apparatus, 
a torque responsive apparatus operatively con 
nected to said driving member and responsive 
to the torque transmitted through the member 
and connected to said adjusting means and con 
tinuously operating on said adjusting means to 
increase the torque delivered to the drum over 
that maintained by said control apparatus when 
no torque is transmitted to the stem by Said 
member by an amount which is approximately 
proportional to the torque required to rotate the 
drill stem, and a second adjusting means asso 
ciated with said control apparatus for adjusting 
the torque delivered to said drum by said mecha 
nism independently of changes in the torque re 
quired to rotate the drill stem. 

8. A power transmission system for use in 
rotary well drilling, including a hoisting drum 
for sustaining at least a portion of the Weight 
of the drill stem, a driving member for rotating 
the drill stem, a source of motive power, a torque. 
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transmitting coupling having its input connected . 
to the source of power and its output connected 
to the hoisting drum, said coupling being of the 
type which transmits a torque...that varies. With 
the difference between the Speeds of the input 
and output, control apparatus for maintaining 

18 
the Speed of the power source at a substantially 
Constant value, means connected to said control 
apparatus for adjusting the speed maintained 
by Said control apparatus, a torque responsive 
apparatus operatively connected to said driving 
member and responsive to the torque transmitted 
through said member and connected to said ad 
justing means and continuously operating on said 
adjusting means to increase, the speed of the 
power source above that maintained by said con 
trol apparatus when no torque is transmitted to 
tle stem by said member by an amount, which 
is approximately proportional to the torque re 
quired to rotate the drill stem, and a Second 
adjusting means associated with said control 
apparatus for adjusting the speed at which the 
power Source is maintained by the control means 
independently of changes in the torque required 
to rotate the drill stem. 

CHARLES M. O'LEARY, 
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