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1

This invention relates to control systems, and
‘more particularly to systems for controlling the
operation. of electric motors and it has for an
object the provision of a safe, reliable' and im-
proved control system of this character.

More particularly, the invention relates to elec-
tric motor control systems for oil well drilling
rigs and the like in which the motor is used to
supply power to hoist the drill stem out of the
drill ‘hole. Itis an object of the invention to re-
duce to a minimum the time required for such a
hoisting operation.  In this type of drive, the
load is subject to great variation. At the time
the hoisting operation starts with the entire drill
stem or pipe in the hole, the full weight of the
drill stem must be raised. At the end of the
hoisting operation, the load approaches zero.
The drill bit, which is attached to the bottom of

. the long drill pipe, has to be changed periodi-
cally—in some cases, every few hours, and it is
necessary to withdraw the entire length of drill
pipe-each time it is necessary to change the drill
bit. The drill pipe is withdrawn from the hole
by raising it a-short distance and removing a
section of it, usually 90 feet in length, from the
top of the drill pipe. This operation is repeated
and -sections are removed from the top until the
drill ‘pipe is completely out of the hole. Since
some wells are drilled to great depths, some as
much as 20,000 feet, it is very important that the
hoisting - cycle be held to the minimum possible
time.

Another problem connected w1th the drilling
of oil wells and other wells where rotary drilling
rigs are used is the holding of proper pressure on
the drill bit during the actual drilling operation
and it is another object of cur invention to pro-
vide means for holding this pressure constant.
When drilling a deep well, it is necessary to sup-
port at least part of the weight of the drill stem
in order- to reduce the pressure on the drill bit.
If the entire weight of the drill stem is allowed to
rest on the drill bit, the rate of progress of the
hole-may be so great that the drilling chips are
not removed from the hole, or it may result in the
hole being drilled crooked, or it might even re~
sult in the crushing of the drill bit in the case
of a very long and heavy length of drill pipe.

Another object of our invention is to limit the
speed of travel of the drill stem and its attached
drill:-bit to a safe value in'both the hoisting direc-
tion'and when drilling.

In carrying out our invention in one form, we
provide a direct current motor electrically coupled

to a direct current generator which is driven by .
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a suitable prime mover. The motor is connected
to the drill pipe hoisting mechanism through a
gear speed reducer. The motor acts as a motor
in the hoisting direction and as both a drag gen-
erator and motor in the lowering or drilling direc-
tion. The excitation of both geherator and
motor is variable and under the control of cross
armature . reaction exclted dynamo-electric ma-
chines."

For a bettér and more complete understanding
of our invention, reference should be had to the
following description and to the accompanying
drawing, Fig. 1 of which is a simple diagrammati-
cal illustration of one embodiment of our inven-
tion, while Fig. 2 illustrates a modification there~
of.

Referring to Fig. 1 of the drawing, a direct
current electric motor 1 is shown connected to a
direct current electric generator 2. The gener-
ator 2 is driven by a suitable prime mover 3, such
as a diesel or steam engine. The motor I is con-
nected through speed reducing gears 4 to hoist
drum 5. On drum § is wound a cable § which
passes around multi-groove sheaves 7T and 8 and
raises and lowers a drill stem 9 and a drill bit {0
attached to the bottom thereof, as cable 6 is
wound or unwound from drum 5. One end of
cable 6 is anchored at a suitable point {1. )

The excitation voltages of motor | and genera-
tor 2 are controlled by special cross armature re-
action excited dynamoelectric- machines or am-
plidynes 12 and (3. These dynamoelectric ma-
chines differ from a conventinal direct current
machine in that they have a pair of auxiliary
brushes 12¢ and 13a arranged on an axis that'is
normally displaced substantially 90 electrical de-
grees from the axis of the main load brushes 12b
and 13b. These auxiliary brushes 12a and 13a
are substantially short-circuited by an external
conductor. Control field windings (2¢ and i3¢
and. 13d are arranged on the axis of the main
load brushes and provide a relatively small num-
ber of ampere turns. However, the relatively
small voltage induced in the armature between
the auxiliary brushes by means of the. control
flux produced by these control fields produces a
very large current in the short-circuit and this
short circuit current gives rise to a very large
cross armature flux in line with the short-cir-
cuited brushes and, therefore, across, or at an
angle, to the ordinary load current armature re-
action which is normally substantially in line
with the main load brushes 12b and 13b. It is
this cross armature reaction flux which provides
the main operating flux or excitation for dynamo-
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electric machines 12 and 13. By reason of the
low inductance and low resistance of the circuit
including the auxiliary brushes, a very small
change in the control flux will produce a very
large and very rapid change in the voltage be-
tween the main brushes 125 and 13b.

In order to operate the drilling apparatus in
the hoist direction, solenoid 14 is de-energized to
close switchies 15 and {6 and move switch {1 to
the lower position as shown in Fig. 1 on the ac-
companying drawing. Closing switches 15 and
16 causes a control or signal voltage to be sup-
plied by resistor 28 to the energizing circuit of
control field 12¢ of machine 12.
age is the voltage drop across resistor:20 caused
by the current circulating in the series loop cir-
cuit {8 which is shown on the accompanying
drawings connecting the armatures of motor |
and generator 2.

Control field winding {Zc is energized by heing
connected across a constant potential source of
direct ‘current from lines 21 and 22 through a
manually variable resistor 23. The control or
signal voltage from  resistor 29 is connected in
series with control field winding {2¢ across this
source of electrical ‘energy. The polarity of the
supply. and reference voltage derived from the
constant poténtial source, and the polarity of the
signal voltage from resistor 20 are additive so that
an increase in the signal voltage causes an in-
creased current to flow in control field winding
f2c.

A small inierease in the current in winding {2e
causes a very large increase in the voltage be-
tween main brushes 12b on machine 12 with a
resultant large increase in current in excitation
field coil 24 of the main hoist motor . The re-
sult is that the excitation of motor | increases
proportionally as the armature current in ‘series
loop ‘18 between motor | and generator 2 in-
creases. In a like manner, the excitation of
motor { decreases proportionally as the armature
current in the loop decreases.

‘By controlling the excitation of motor { in this
manner during the hoisting operation, motor | is
made to deliver approximately a constant horse-
power output. When the load is heavy, the motor
runs slowly, but as soon as the load becomes light-
er, the'speed of the motor increases and the motor
continues to-deliver its maximum horsepower.. 'In
this way, the accelerating time and hoisting time
are reduced to a minimum.
~“When switch 17 is in its lower position, as
illustrated on the accompanying drawing, excita-
tion field winding 13c¢ of cross armature reaction
excited "dynamoelectric machine 3 is supplied
with current from constant potential lines 21 and
22 through’a manually variable resistor 25. This
resistor is set to provide the desired excifation
for machine |3 in conformance with the capacity
of the apparatus and is normally left unchanged
during the hoisting operation. Machine 3
supplies excitation voltage for field coil 25 of main
generator 2.

The excitation of generator 2 remains constant
during the hoisting operation unless the speed of
motor | éxceeds a predetermined maximum. A
tachometer generator 27 which is directly con-
nected to the shaft of motor I, supplies a voltage
which is proportional to the speed of motor .
‘When motor i is operating in the hoisting direc~
tion, the signal voltage generated by tachometer
21'is compared with-a reference voltage of like
polarity derived from constant potential buses 21
and 22 through a manually variable resistor-28.
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However, a rectifier 28¢, which may be of the
selenium type, in this circuit permits the flow of
current in one direction only, this being when the
voltage generated by tachometer 27 exceeds the
reference voltage. When the latter is the great-
er, no current flows in either direction through
winding {84 which is also in this circuit. If the
voltage generated by tachometer 27 during the
hoisting cycle exceeds a predetermined reference
value, resulting from the manual adjustment of
resistor 28, current flows through control field
winding. 13d to counteract the effect of field 13c
on the output of cross armature reaction excited
dynamoelectric- machine 3. Field {3d is con-
nected with opposite magnetic polarity to field
13c; thus, when current flows through field wind-
ing 134 it counteracts the magnetic effect of field
i3c and the voltage across main brushes 13b of
machine {3 is reduced. This, in turn, reduces the
excitation current flowing through field 26 of
generator 2, thus reducing the current flowing in
the series loop between motor 1 and.generator 2.
This reduees the torgue exerted by motor ‘I and
its speed is reduced to a safe-value.

To operate the apparatus to control the Welght
on- the drill bit during the drilling - operation,
solenoid 14 is energized to open switches I15.and 16
and raise switeh {7 to the upper position. 'This
causes motor-1 to-act primarily as a drag gener-
ator while generator 2-aéts as a motor and engine
3 as a power absorption device. - If is assumedfor
purposes of this description that éngine:3 can-ab-
sorb the amount of power which is returnedto
it, either to make up its own losses or to be passed
on to another load (not shown) being. supplied
by the engine. In-a case'where the engine cannot
absorb sufficient power for any reason, & power
dissipating resistor 'may be inserted in'series loop
circuit 18 between motor-1 and generator.2 to ab- -
sorb excess power,

In order to maintain a constant predetermined
pressure on drill bit {0, machine | is madeto-exert
2 constant torque on'gear speed reducer -4 and
drum 5, thus providing-a constant tension on ropé
6 and through it a predetermined constant ten-
sion on drill stem §. The tension on drill stem
9 is the difference between the -total ‘weight of
drill stem8 and the drilling pressure thatit.is de-
sired to maintain en drill kit -(0. ~Therefore, if
the friction of the speed reducing-gears:and-the
rope and pulley ‘system is ignored the desired
drilling pressure may be maintained on drill bit
i0 by causing machine - to exert a constant
torque- on its:output shaft. - Constant torque is
achieved on motor. I- by providing it with constant
excitation and then holding its armature current
constant regardless of changes: 1n speed or direc-
tion of rotation of motor 1.

To maintain the-armature.current in: the ‘series
locop- circuit between dynamo-{ and dynamo 2:-at
a constant-value,a signal or contrel: voltageis-de-
rived from- a resistor 29. This voltage, which is
proportional to the-current flowing in-series loop
18, is compared with a predetermined réference
voltage derived from constant potential lines 21
and 22 through manusally variable resistor :25.
The pclarities of the two voltages:are additive so
that an inerease in the woltage ‘drop ‘across:re-
sistor ‘28 causes-an increase in the.current flow-
ing in control field winding {3c¢ of ‘machine 3.
This increase in excitation is-greatly amplified'by
machine 13 and the resultant-amplified signal
voltage is transmitted to' main field winding-26
of generator 2. The “increase in -excitation -of
dynamo -2, which is ‘operating now:-as>a ‘motor,
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causes the current in the armature series loop be~
tween machine { and machine 2 to decrease until
the voltage drop across resistor 29 is reduced to
the desired value, returning the control and ex-
citation circuits of machine 13 and dynamo 2 to a
balanced condition. For a decrease in the cur-
rent flowing in the series loop circuit between
dynamo | and dynamo 2, the apparatus functions
in the opposite manner to increase the series loop
current and return it to the predetermined value.

Another method of maintaining the current in
the series.loop 18 at a value which will maintain
the desired drilling pressure on drill bit 108 is by
the use of a strain gage in the dead side of rope
6, as illustrated in Fig. 2 on the accompanying
drawing. It will be understood that this elimi-
nates the effect of the friction in gear speed re-
ducer 4 and most of the friction in the drum
and in the remainder of the rope and pulley
system and provides a signal producing arrange-
ment which is more nearly directly responsive
to the tension on drill stem 9. In some cases the
effect of the friction of these components of the
system may be sufficient to have a detrimental
effect on the operation of a system such as that
shown in Fig. 1 of the drawing in which a con-
trol signal is derived from the current in the
series loop. The strain gage is composed of a
spring {9, pointer 19a, and resistor 13b which is
connected across constant potential lines 21 and
22, In this modification, if the tension on rope
6, which is very nearly proportional to the ten-
sion on drill stem 9 and roughly proportional to
the current in loop 18, increases, spring 19 is
lengthened. This moves pointer [{9¢ on resistor
180 toward connection 21 and increases the volt-
age drop across the section of resistor 19b, which
has control field 3¢ of amplidyne 13 connected
across it. The resulting increase in voltage sup-
plied to field (3¢ causes a reduection in the cur-
rent in series loop I8 in the same manner as
described in the preceding paragraph. For a
decrease in the length of spring 19, the appa-
ratus functions in the opposite manner to in-
crease the current in series loop 18. Thus, the
current in series loop 18 is held at a value which
maintains the strain gage (9 stationary and the
tension on drill pipe 8 is maintained at the pre-
determined value. It will be understood that the
loop current in this modification is not constant
as in the previous circuit but varies somewhat
to compensate for the friction of the speed re-
ducing gear and the ecable and pulley system,
the amount of current variation depending upon
the amount of friction present in these elements.
It will be further understood that our invention
is not limited to the strain gage arrangement in
the dead side of cable 6 as illustrated in Pig. 2,
and that other means for deriving a control sig-
nal responsive to the tension on drill stem 9 for
controlling the current in series loop I8 may be
utilized instead. For example, a strain gage or
other suitable means may be used to provide an
indication of the stress in the cable or other
member (not shown) which supports sheave 7,
or in one leg or some other portion of the tower
(also not shown) from which sheave T is suspend-
ed, such signals being responsive to the tension in
drill stem 9.

During the drilling operation, the excitation
of machine { is maintained at a constant value.
This is performed by cross armature reaction
excited dynamoelectric machine 12. Excitation
field winding 12¢ provides a constant excitation
for machine 12 and the latter in turn, supplies
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6
a constant voltage for the excitation of machine
| through its field winding 24. Winding i2c¢ is
supplied a constant voltage derived from con-
stant potential lines 21 and 22 through manually
variable resistor 23. .

By maintaining constant excitation and an
approximately constant armature current in ma-
chine |, it is made to exert a constant tension
on the drill pipe through the supporting appa-
ratus, operating either as a drag generator or
as a motor, in accordance with the needs of the
system. Machine | thus supports a predeter-
mined proportion of the weight of the drill pipe
regardless of the speed with which the bit pro-
gresses downward. This tension is maintained,
even when the drill bit is stationary.

It is necessary to protect motor { against over-
speeding during the drilling operation, as well
as during the hoisting operation, because of the
possibility of the drill bit striking a soft place
in the earth and starting to go downward very
rapidly. This is accomplished by comparing a
signal voltage taken from tachometer 271 with a
predetermined voltage derived from constant po-
tential lines 21 and 22 through a manually vari-
able resistor 30 and a rectifier 30a.. During the
time the drill pipe is moving downward the signal
voltage from tachometer 27 is of opposite polarity
to that indicated in Fig. 1. However, the rela-
tive polarity with respect to the constant po-
tential lines across which resistor 30 is connected
remains the same. When the signal voltage from
tachometer 27 increases beyond the value of the
reference voltage, derived from resistor 30, cur-
rent flows in fleld winding (3d in the direction
which causes a decrease in the output voltage
of machine 13. This decrease in the output
voltage of machine i3 decreases the excitation
of generator 2 if the speed of motor | becomes
too great. This, in turn, increases the current
circulating in series loop 18 between motor { and
generator 2 above the value which is maintained
during normal drilling operation. The increase
in current in the series loop increases the torque
output of machine | and causes it to exert more
upward force on the drill pipe 9, thus reducing
the rate of the downward progress of drill pipe 9
to a safe value.

With reference to resistors 20 and 29 in series
loop circuit 18 from which signal voltages are
derived respectively for machines { and 2 it will
be-understood that the signal voltages are pro-
portional since current of equal value flows
through both. A single resistor may be substi-
tuted for resistors 20 and 29 provided the ele-
ments of the control and excitation circuits are
properly selected. Separate resistors are shown
for purposes of clarity in explaining the inven-
tion but in practice a single resistor is usually
used. e

‘While machines | and 2 are referred to herein
as dynamos in some instances, it is not to be
understood from this that these machines op-
erate ohly as generators. As is explained here-
inbefore, each of these machines operates both
as a generator and a motor during a complete
cycle of operation of the control system.. Ma-
chines | and 2 are referred to as dynamos in
order to distinguish them readily from dynamo-
electric machines 12 and 13. Machines | and 2
would be described more acecurately perhaps‘ by
the apellation dynamoelectric machines and they
would have been so designated except for the
possibility of confusion with machines 12 and 3.

While we have illustrated and described one
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embodiment . of our inverntion together with ‘one
modification, many additional modifications will
occur ‘to ‘those skilled in -the art and, therefore,
it-should be understood that we intend to cover,
by the appended claims, all such modifications as
fall within-the true-spirit and scops of this in-
vention.

What we claim as new and desire to secure by
Letters Patent of the United States is:

1. A control system for rotary oil well drilling
rigs and the like comprising in combination, an
adjustable voltage direct current electric dynamo
having a prime mover and power absorption
device coupled ‘thereto, a second reversible: direct
current electric dynamo having coupled thereto
a mechanism to be driven .-and controlled, -said
mechanisin having & controllable condition, the
two said dynamos having their armatures con-
nected in a series loop circuit, strain gage means
forderiving a control voltage responsive to said
controllable condition, means for selectively
maintaining a constant torque on the output
shaft cf said second-reversible dynamo regard-~
less of the rotation of said second dynamo where-
by said eontrollable condition is maintained at
an.approximately constant predetermined value,
said last-named means comprising means for
maintaining the field current of said second dy-
namo -at a constant value and simultaneously
maintaining the current in said series loop eir-
cuit at an approximately constant pradeter-
mined value and including a cross armature re-
action excited dynamoelectric machine having a
control field winding connected to be excited
responsively to said control voltage, means for
deriving -a second control voltage proportional to
the speed of said second dynamo and means for
limiting ‘the speed of said second dynamo com-
prising .an additional field winding on-said dyna-
moelectric machine connected to be excited re-
sponsively to said second control voltage.

2. A control system for rotary oil well drilling
rigs and the like comprising in combination, an
adjustable voltage direct current electric-dynamo
having a prime mover coupled thereto, a second
reversible:direct current electric dynamo coupled
to a mechanism to be driven and controlled, the
armatures of the two said dynamos being con-
nected in a series loop -circuit, a resistor in said
loop circuit from which a eontrol voltage propor-
tional o the current flowing in said loop circuit
is .obtained by utilizing the voltage drop across
‘said . resistor, means providing an adjustable
reference voltage comprising a constant voltage
source and a manually variable resistor, con-
nected thereto, means for maintaining a constant
horsepower output from said second dynamo,
said ‘means comprising a cross armature reac-
tion excited dynamoelectric machine connected
to be excited by a voltage squal to the sum’ of
said reference voltage and said control voltage,
means-for deriving-a second control voltage pro-
portional to the speed of said second dynamo,
‘and -means for limiting the speed of said sec-
ond dynamo to a predetermined value compris-
ing a second dynamoelectric machine connected
to excite the first said dynamo, the said second
dynamoelectric machine being connected to be
excited by a voltage equal to the difference of
said ‘second ‘control voltage and said reference
voltage whenever said second control voltage ex-
ceeds said reference voltage.

“3. A:control system comprising a first.adjust-
able voltage electric- dynamo,.a second adjustable
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voltage :electric ‘dynamo ‘connected: to :a mechd-
nism tobe:driven and conirolled and having its
armature connected in a series loop circuit with
the armature rof said first’ dynamo, .means for
deriving. a:control voltage responsive to the cur-
rerit flowing:in said:loop circuit, selective means
responsive to:said ‘control voltage for controlling
the:excitation .of said second dynamo to operate
it-as:a.motor. and . maintain. a substantially con-
stant horsepower output, means for deriving a
second :control. voltage responsive to a-control-
1able condition.of said mechanism, and selective
means responsive to.said second control voltage
for-controiling the excitation of said first- dynamo
to maintain. said  condition . at a pledetermmed
value.

4, A control system.comprising a first adjust-
able voltage electric dynamo, a second adjustable
voltage -electric .[dynamo connected to.a mecha-
nism-:to-be ‘driven and.controlled and having.its
armature:connected in a series loop circuit with
the armature of said:first dynamo, said mecha-
nism having. a controllable cond1t1on means in-
cluding .a resistor connected: in said series cir-
cuit loop .for .deriving a control voltage propor-
tional to the current -flowing in said loop cir-
cuit, .2 . source of reference voltage,  selective
means -responsive to the sum of said  control
voltage and said.reference voltage for controlling
the excitation of said second dynamo to operate
it -as :a motor and provide .a.substantially. con-
stant-horsepower. cutput for the operation of said
mechanism over a.considerable range of speeds,
means-for deriving & second ccntrol voltage pro-
porticnal fo:the.current. fowing. in said loop eir-
cuit a second . source:of reference voltage, and

lective. means . responsive 1o .the sum. of. said
°econd control voltage and said second reference
voltage for controlling the excitation of said i st
dynamo to maintain said . condition at.a pre-
determined value.

5..'A control system.comprising.a:first-adjust-
able voltage electric dynamo, a second.adjustable
voltage . electric .dynamo .connected -to -a haist
mechanism to be.driven.and controlied and hav-
ing its armature connecled in a -series loop cir-
cuit with ~the armature .of said first.dynamo,
means ‘for: deriving a control voltage responsive
to:the current flowing in said loop circuit, selec-
iive means responsive-to said control. Voltaoe for
controlling the excitation of said second dynamo
to:operate it as a. motor to.raise.the hoist and
provide a substantially constant horsepower- out-
put-to said-hoist mechanism regardless of hoist-
ing speed, strain 'gage means for- deriving a-sec-
ond. control voltage responsive to the tension on
the -hoisting - cable of -sdid hoisting mechanism,
and selective means responsive to said second
control “voltage- for controlling the exc1tatxon of
gaid first -dynamo - to maintain said tension-at a
predetermined value ‘regardless-of the speed.of
said-hoisting mechanism.

6. ‘A control system. eomprising a ﬂrst adjust-
able ‘voltage electric ‘dynamo adaptable for op-
eration primarily as a motor, a second electric
dynamo adaptable for operation primarily as.a
drag ;generator connected to a lowering .mecha-
nism and having its armature connected in g
series loop eircuit with the armature of said first
dynamo, said mechanism being provided with a
load supporting cable, means for deriving g con-
trol voltage responsive to  the tension in rsaid
cable,-and means responsive to said eontrol volt-
age for controlling -the excitation of:said first
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dynamo to maintain said tension at a selected
value.

7. A first adjustable voltage electric dynamo
adaptable for operation primarily as a motor, a
power absorption device associated with said first
dynamo, a second adjustable electric dynamo
adaptable for operation primarily as a generator
connected to a lowering mechanism and having
its armature connected in a series loop circuit
with the armature of said first dynamo, said
lowering mechanism including a load supporting
cable, strain gage means for deriving a control
voltage responsive to the tension in said cable,
means responsive to said control voltage for vary-
ing the excitation of said first dynamo to main-
tain said tension at a selected value, means for
deriving an additional control voltage responsive
to the speed of said second dynamo, and means
responsive to said additional control voltage for
varying the excitation of said first dynamo to
limit the downward speed of said lowering mecha-
nism.

8. A control system comprising a first adjust-
able voltage electric dynamo, a second electric
dynamo connected to a hoisting and lowering
mechanism and having its armature connected
in a series loop circuit with the armature of said
first dynamo, said hoist mechanism including a
cable for raising and lowering a load, means for
deriving a control voltage responsive to the ten-
sion in said cable, said means comprising a re-
sistor in said series loop circuit, and means re-
sponsive to said control voltage for controlling
the excitation of said first dynamo to maintain
said tension at a selected value during lowering
regardless of the speed of said hoist, and means
for limiting the speed of said second dynamo
comprising means for deriving an additional sig-
nal voltage responsive to the speed of said sec-
ond dynamo and means responsive to said addi-
tional control voltage for affecting the excitation
of said first dynamo.

9. A conirol system for rotary drilling rigs and
the like comprising in combination, a first ad-
justable voltage direct current electric dynamo
having a prime mover and power absorption
device coupled thereto, a second reversible direct
current electric dynamo having coupled thereto
a mechanism to be driven and controlled, said
mechanism having a controllable condition, said
two dynamos having their armatures connected
in a series loop circuit, a resistor connected in
said loop circuit for deriving a control voltage
proportional to the current flowing in said loop
circuit, a reference voltage derived from a con-
stant voltage source, means for selectively se-
curing an approximately constant horsepower
output from said second dynamo, said means
comprising an amplidyne exciter connected to
be excited by a voltage equal to the sum of said
reference voltage and said control voltage, means
for deriving a second control voltage responsive
to the controllable condition of said mechanism,
and selective means for regulating said system
to maintain said controllable condition at a pre-
determined value, said means comprising means
for maintaining the field current of said second
dynamo approximately constant and amplidyne
exciter means for said first dynamo responsive to
said second control voltage.

10. A control system for rotary oil well drill-
ing rigs and the like comprising in combination,
an adjustable voltage direct current electric dy-
namo having a prime mover and power absorp-
tion device coupled thereto, a second reversible
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direct current electric dynamo to which is ¢oui-
pled a mechanism which is to be driven and con-
troiled, the two said dynamos having their arma-
tures connected in a series loop circuit, & first
resistor in said loop circuit from which a first
control voltage proportional to the current flow-
ing in said loop circuit is obtained by utilizing
the voltage drop across said resistor, a first ref-
erence voltage derived from a constant voltage
source through a first variable resistor, means
for selectively maintaining a constant torque on
the ocutput shaft of said second reversible dynamo
regardless of the rotation of said second dynamo
comprising means for maintaining the field cur-
rent of said second dynamo constant and means
for maintaining the current in said series loop
circuit constant, said last-named means compris-
ing a cross armature reaction excited dynamo-
electric machine having a control field winding
connected to be excited by a voltage equal to
the sum of said first reference voltage and said
first conirol voltage, s second resistor in said
loop circuit from which a second control voltage
proportional to the current flowing in said loop
circuit is obtained, a second reference voltage de-
rived trom said constant voltage source through
a second variable resistor, means for selectively
securing a constant horsepower output from said
second dynamo comprising a second cross-arma-
ture reaction excited dynamoelectric machine
connected to be excited by a voltage equal to the
sum of said second reference voltage and said

. second control voltage, means for deriving a third

40

control voltage proportional to the speed of said
second dynamo, means for limiting the speed of
said second dynamo comprising an additional
field winding on said first dynamoelectric ma-
chine connected to be excited by the difference
between said third control voltage and a third
reference voltage derived from said constant volt-
age source, and rectifier means in circuit with
said additional field winding permitting current
to flow in one direction only through said addi-

_ tionalfield winding.
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11. A control system comprising a first adjust-
able voltage electric dynamo adaptable for op-
eration primarily as a motor, a second electric
dynamo adaptable for operation primarily as a
drag generator connected to a lowering mecha-
nism and having its armature connected in a
series loop circuit with the armature of said first
dynamo, said mechanism being provided with a
load supporting cable, means for deriving a con-
trol voltage responsive to the tension in said
cable, means responsive to said control voltage
for controlling the excitation of said first dynamo
to maintain said tension at a selected value, and
means for limiting the speed of said second dy-
namo to & predetermined value.
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