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This invention relates generally to electric
drives, and more in particular to an electric drive
for controlling the operation of a windup reel
used for winding up the paper coming off a paper
mill. |

In paper mill drives it is frequently necessary
especially in the unreeling and reeling operations
required, to provide wide speed ranges of opera-
tion for the motors controllinzg the winding and
unwingding reels. In the usuzl case g speed range
of about §:1 may be obtained irom a conventional
direct-current motor by means of field controel.
When the field is av its full strengih the motor
is orerating at its minimum speed, and when the
field is at minimum strength the motor is oper-
ating abt maximum speed. Variations in speed
are also obtainable by armature current varia-
tions., and firequently the motor speed is con-
trollea by utilizing both fisid control and arma-
ture current, or voltage control, to optain the
- speed characteristics and speed range which are
reguired. In many cases it 1s desired cn g paper
miii drive, In both the unwinding and windup
reels. to provide a reei core of some 4 inches in
aiameter on which the paper is 1o be wound, the
finished diameter veing of the order of 43 inches,
representing a aiameter ratio petween the full
reel and empiy reel of about 12:1, indicating a
motor speed range of 12:1.

In addition to the adove-ncted probiems con-
cerning the desirabkility of wide spesd range con-
trol for the motor, it is additionally necessary
that the pager tension be mainfained substan-
tially constant in order to prevent oversrressing
of the paper due to t00 much ension gnd possinle
breakage thereof, and undertensioning of ithe
paper which results in the paper keing loosely
wound on tie reel. In practice, it has been found
convenient Lo uvilize the varistion in armature
current of the motor as the cue for eontrolling the
motor. Whnile armature current variations are
not a precise indication of the strip or paper ten-
sion, it has been found sufficien{ly close for prac-
tical purpeses,

Accordingly, it is a principal object cof this
invention to provide an eclegtric drive of the
chatracter referred 10 which afordgs & wide speed
ranege of control for the motor.

More specifically, it is ah okject oi this in-
vention to provide a control for a motor to obtain
a wide range of motor speeds in which both motor
field excitation control and armature voltage
control are utilized to control the motor speed.

It is also an object of this invention to provide
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a. drive for a windup reel on a paper mill which
maintains substantially constant paper tension
over a wide range of speeds.

More specifically, it is an objecy of this inven-
tion to provide an electrical regulating system
embodying a. convrol unit capable of maintaining
an electrical output independently of external
control.

The fcregoing statementss are merely iliusira-
tive of the various aims and ohiects of this inven-
tion. Other objects and advantages will become
apparent upon a study of the following descrip-
tive disclosure when considered in conjunction
with the accompanying drawing, 1n which the
single figure diagrammatically illustrates an elec-
vrical control system for a motor utilized to drive
the windup reel of a paper mill.

The paper mill In the drawing is only frag-
mentarily illustrated, the final set of calender
rolls C heing shown ang the paper sirip termi-
nating in a windup reel designated WR. The
megns for diiving the calender roll C is repra-
senved In g girect-current motor M, the arma-
ture of which is connecied in series with the
armature of a generator Gi to he energized
thereby. Each of the motor and generator is
provided with field windings which are energized
from a source af direct current designated DD,
The particuiar manner in which the excitation is
controlled in order to chialn constant operstins
speed 1s not illusirated in toe interest of simi-
plicity, since per se such equipment forms 1o vart
of this invention. The generator Gi is driven hv
a suitable induction motor designated I.

The drive for vhe wind-up reel WR includes s
direci-current moter M, the rotor of svhieh is
mechanically coupled through suitsble gearing
(not shown) to the shafl of the windup resl
Miotor M is provided with a series-connected in-
terpole field winding designated MMCE and is con-
nected in series with a main generator G to bhe
energized thereby. The generator is driven
through & suitable mechanical connection with
the motfor M! which drives the calender rolls.
Thus this generator is driven at a speed propor-
tional to the spaed of the cajender rolls and with
constant excitation of a predetermined degres
aetermined hy the setting of the rheostat R! in
the circuit of the field GFi which is energized
aCross the DC supply, the outpuf of the generator
G will be a function of its speed of opsration.
Accordingly, assuming constant excitation of the
metor field MF{ which is giso energized across
the source DC, the speed of the motor M will be
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controlled by armature veoltage variations, and
will accordingly tend to be proportional tg tne
speed of operation of the calender volls C. As a
rule the calender C, ocnce the machine is jin opera-~
tion, will be operated at substantially constant
speed. However, for the purpose of threading
the paper through the roll stands, it is necessary
that these rolls be operated at a fairly low
speed, and such speeds are obtained as a rule by
properly confrolling the excitation of the gen-
erator G, and ordinarily are such as to afiord a

paper velecity through the stands of aboul 50

feet per minute. During such operation of the
mill, the moftor M must be operated at a cor-

respondingly low speed, and once the threading

aperation is completed and the paper properiy
secured on the windup reel to ve wound thereon,
the speed of the miil is stepped up, and speeds
as high as 2,600 feet per minute are conteraplated
requiring extremely accurate speed control of the
windup reei to maintain the degree of tension re-
guired in the paper. |
The control according to this invention which
accomplishes this obhjective embodies a regulating
generator generally designated R. This reguiat-
ing generator when used in regulating systems
affords cerain advantages which are not realiz-
able with conventional exciters. This generator
15 of the self-energizing type and ifs load cir-
cuit 1s so adjusted by means, for example, of an
adjustable resistor R2, which in the instant ap-
pilcation is connected in series with the armatare
circuis, that the line of the load circuit is tangent
to the initial straight line portion of the no-load
saturation curve. This generator to be zelf-
energizing is provided with a series field winding
designated RSF and is capable of producing an
electrical output upon rotation thereof due to
the residual fiux independent of external exci-
tation. The output may therefore be anywhere
along the tangent curves of one vpolarity or the
reverse, depending on the direction of rotation
with respect to the residual flux. While not
shown in the drawing in the interest of simplic-
ity, this generator forms part of a small motor-

generator set, and in the instant application is

intended to be driven at a constant speed. Thus
inn order to control the output of this generator,
certain intelligences are applied thereto in the
form of excitation provided by a plurality of
control field windings which are selectively ex-
cited from different points in the syvstem in order
to obtain the type of output which is desired to
regulate the motor M through the main gener-

ator G so that its horsepower ocutput will be .

substantially constant. - |
Accordingly, the fleld system of this generator
includes a main fileld winding RPP which meay
he identified as the pattern field winding. This
field winding is excited from the direct-current
source DC through a series-connected rhecstai
R3 which is adjusted to provide the required mag-
nitude cf current for the main excitation of the
regulating generator. A current field winding
RCE respensive to the motor armature current is
differentially related to the pattern field windine
RPE as shown by the arrows adjacent the respec-
tive windings. This current field is excited by
means of a generator IR which in turn is excited
by a fleld IRF connected across the interpole
winding MCF of the motor to respond to the
voltage thereacross. The voltage of this inter-
pole field winding, it will be appreciated, is pro-
portional to the motor armature current, since
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the armature current flows therethrough. The
final field winding for the regulating generator
is designated RDF and is also differentially re-
lated to the pattern field winding RPF as shown
by the arrows adjacent the respective windings.
'Thnis field winding is energized in dependence of
the voltage drep across the generator field wind-
ing G2 which in turn is excited by the regulat-
ing generator. In accomplishing this, the ter-
minals of the fleld winding GF2 are connected

- across the armature circuit of the regulating

generator in a circuit including a rectifier RCI.
The differential field winding RDF is connected
across the generator field winding G¥F2 in a cir-
cult which includes a rheostat RA which is
mechgnically ganged with the rheostat R3 so
that adjustments of the pattern field winding
excitation by means of the rheostat R3 will
simultaneously vary the excitation of the differ-
ential field winding RDF to maintain the desired
proportionality of the differential excitation of
this differential field with respect to the pattern
field RP, -

The motor M is provided with an additiona!l
field winding designated MF?2 which is cumula-
tively related to the main fleld winding for the
motor MIFI. This field winding is connected
across the armature circuit of the regulating
generator in parallel with the generator field GF2
N a circuit which inciudes a rectifier RO2.

I'ne generator field winding GF2 for the polar-
ity of exeitation afforded by the rectifier RCH is
cumulatively related to the main generator field
winding GFI. Thus the field GF2 when excited
acds its excitation to that of the generator field
Gt to increase the output of the generator,
and when the polarity of the output voltage of
e regulating generator reverses, this fileld is
710 longer excited, because the excitation voltage
1s applied in opposition to the rectifier RCI which
therefore blocks a current flow through the field
GIPZ. |

The motor field MF2 which is cumulative with
respect to the motor field ME is prevented from
being excited by that poiarity of voltage which
exclites the generator field GE?2 becauise the rec-
tifler RC2 in series in this motor field circuit is
In cppositon to the current flow, but upon a re-
versal in the polarity of output of the regulating
generator current flow through the rectifier RC2,
and the field M2 is excited adding its ampere
turns to those of the main field and further re-
dueing the speed of the motor below that afforded
Py armature voltage control alone. | |
. The regulating generator is controlled by its
fields as follows: The output of the regulating
generator upon rotation thereof and upon the
application of the pattern field winding excita-
tion tends to increase in the direction urged by
the pattern field excitation. The series field
excltation for this condition is Indicated by the
solid arrow adjacent thereto. The ampere turns
of the two differential field windings RCF and
RDF subtracts from those of the pattern field
winding, and these fields are so designed that
for a predetermined degree of exciting current
their ampere turns will be equal and opposite
to those of the pattern field windng, at which
time the total external excitation of the machine
18 zero. If the machine tends to Increase its
output beyond the condition at which the pat-
tern and differential fields are balanced. the dif-
ferential excitation will be increased due to
changes in the electrical conditions in the sys-~

tem to which these fields are responsive. As a
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‘result of the increase in the differential excita-
tion, the machine is excited in an opposite sense
tending to reduce its output to that which 1is
required for proper control of the system. On
the other hand, if the output for any reason is in-
sufficient, or for any reason tends to fail below
‘that required for an instant condition in the
‘system, the electrical conditions of the system
reflected in a dropping differential excitation of
the machine results in a net execitation in favor
of the pattern field tending to urge the ouliput
of the generator upwardly, at which time the
increasing differential excitation due to the
progressively changing electrical conditions in
the system again reduces the net external excita-
tion .to zero.
that the function of the pattern and differential
fields of the generator is that of urging the out-
put of the generator in the proper direction and
to the proper magnitude, at which time the ef-
fect of these fields is balanced or reduced 1o
zero and the generator, due to its self-energizing
properties, maintains ils electrical output untii
a change in the conditions in the system requires
a different output.

10

It will therefore be appreciated
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This invention will be better understood from -

a consideration of the operation of this system.,
TInasmuch as the function of the invention dur-
ing threading operation is similar in some re-
spects to that for a continuocus windup opera-
tion, insofar as the indication for correction of
system errors is concerned, the following de-
scription will be confined to a constant paper
speed reeling operation. Assuming that the
paper mill is operating at normal speed, the main
cenerator G will produce an electrical output
which is proportional to the speed at which the
paper is passing through the calendar vyolls.
This voltage, which is applied to the armature
of the reel motor M which is constantly excited
by its field MPI, results in a motor speed which
is proportional to the paper speed., IIowever,
with each revolution of the wind-up reel, the reel
diameter is increased by the thickness of the
material being wound thereon. Therefore, the
reel radius is inecreasing and the revelutions per
minute must be reduced in order to maintain &
constant peripheral velocity corresponding to the
linear speed of the paper. As the ree! diameter
increases the motor tends to slow down due 1o
the increasing torque loading. As a consequence
for a given .degree cof excitation of the main
motor the armature current will tend {o increase
due to the fact that the back EMT of the motor
is decreasing. As the armature current increases
the excitation of the regulating generator con-
trol field RCT glso tends to. Increase.

Assuming further that the windup operation
‘has just begun, the polarity of output of the
regulating generator ‘is now such that current
flows through the field GF2 since the polarity of
this voltage is such thai the rectifier RC{ will
pass current. The polarity of the series field
RSF for this condition is indicated by the solid
arrow. 'Thus the field RDF of the regulating
generator is energized by the voltage across the
generator field GF2, and -at this instant its
~ampere turns added to those of the feld RCFEF
are momentarily balanced against those of the
pattern field RPF, but the armature current is
jnereasing in this assumption, and therefore the
‘differential  excitation is inecreasing and pre-
dominates that due to the patiern field RPF. As
a consequence, the cutput voltage of the regulat-

.ing. generator is decreased .reducing the- excita-
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tion of the field GF2, and correspondingly reduc-
ing the cutput voltage of the main generator to
tend to reduce the motor speed. This results in
a drop in the excitation of the differential field
RDF and the difierential and pattern field excita-
tion agzain tends to approach equilibrium when
the regulating generator outpui corresponds to
that which is required by the system. Thus it
will ke apvreciated that the output of the
regulating generator from that value which af-
fords excitation of the field GF2 to give maxi-
mum speed is progressively reduced and the sys-
fem is arranged so that for a given diameter of
the reel the regulating generator’s output will
be reduced to zero, and consequently the field
GF?2 will no longer contribute excitation to the
generator &. The speed control range is now
further varied in response to further changes
in reel diameter and motor armature current
by increasing the total excitation of the motor
M. Further increases in armature current again
increase the differential excitation which now
drives the regulating generator through zero out-

*_6

‘put and causes it to build up its output in the

reverse direction. The polarity of the series field
RSF is now reversed as indicated by the dotted
arrow. This reverse output voltage  is now
blocked by the rectifier RCi and the generator
field GF2 is therefore not excited and likewise
field RDP of the regulating generator is not ex-
cited. But the polarity of this reversed voltage
is such that the current thereof is passed by
the rectifier RC2 energizing the motor field MF2
which adds its excitation to that of the field
MPi strengthening the motor field and further
reducing the speed thereof. This operation con-
tinues as described until the maximum reel di-
ameter has been reached. |

In a practical examule upon completion of the
threading operation the supercalender roll sys-
tem is brought up to operating speed and the reel
motor operates at maximum speed, a8 deter-
mined by minimum reel diameter. At this point
in the windup operation the main generator
voltage is approximately twice in value that
which would be given by the constant value main
generator field GFI. The additional excitation

- to obltain this double voltage is supplied by the

generator auxiliary field GF2 through -its bhlock-
ing rectifier RCi{. The value of regulating 'gen-
erator voltage needed -to provide the required

excitation of field GF'2 is obtained by the re-
sultant interaction of the regulating generator
fields RPPF, RCF and RDPF. For.this condition of

55

maximum speed, field RDF is so proportioned

that when added to RCE the sum of the differen-

tial ampere turns equals those . of RPF. - The

regulating generator voltage therefore builds up
- in the direction urged by pattern ficld RPF until

60

the control execitavion reaches zero with:rectifier

RC2 nreventing motor field MEB2 being differen-

tial with respect to MF{. The value of motor

eurrent at maximum speed which correspends to
-minimum reel diameter will be -approximately
~one-half the constant value over the slow speed

65 : . )
range. As the resl builds up in diameter; the

motor speed decreases g5 hereinahove noted with

qn increase in motor current resulting in-an in-

crease in the excitation of the differential cur-

rent field of the regulating generator, -reducing
this generator’s cutput which in turn decreases
~the main voltage. : As the speed decreases it will

Le appreciated that thée motor current continues
t0 increase until the regulating generator voll-
age is zero and the main generator voltage ‘is
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roughly one-half the initial value. 'The speed
range of adiustment afforded by armabure voli-
age control is apwroximately 2:1, and during this
control the motor current will increase linearly
from 50% to 1009%, while the main generator
voltage decreases from 2009% to 1009% giving g
resulting horsepower over the speed range which
will vary from the desired value at maximum
speed to approximately 112149 of that value at
759 speed and back to 1009 at about one-half
speed. From one-half speed down tno minimum
speed the control of this invention will function
with the regulating generator exciting the field
MF2 cumulatively with respect to MPI. while the
blocking rectifier RCI prevents any further ef-
fect from the differential field RDW™ of the regu-

lating generator and the field GF? of the msain
generator.

- The adjustment afforded by the rheostat B2
In series with the regulating generator pattern
field RPF rrovides for the recalibration of paper
tension. When tension is recalibrated by adjust-
ment of the pattern field, the mesrhanical con-
nection hetween rheostats R3 and R4 automati-
cally recalibrates the field RDF to maintain g
fixed ratio of excitation hetween these fields.

When the speed of the pawver is changed by
changing the speed of the motor M{, tha main
generator voltage which is linear with the sen-
erator sneed will correspondingly chance anad re-
sult in the recuired motor sveed. The paner ten.-
sion under this condition will remsain the same
since it is determined by the motor current and
the regulating generator control which igs 11mn-
changed in this change of paver speed. The
main generator field GF{ remains unchaneged.
Thus the relation bhetween the fields GF? and
GFIl will remain unchanged by the various sneed
ranges of the calender rolls afforded by adjust-
ment of the speed of motor M.

While but one embodiment of this invention
has been herein illustrated and deseribed, it will

be appreciated by those skilled in the art that
numerous variations in control details may be oh-
tained without departing from the spirit angd
scope of the teachings of this invention. Ac-
cordingly, it is intended that the forecoing dis-

closure shall be considered only as illustrative

and not interpreted in a limiting sense.

I ¢laim as my invention:

1. In an electric drive for controlling the speed
of 2 motor over a wide speed rancge, the com-
bination of, a motor having a pair of cumula-
tively relsted field windings, s main generstor
having a pair of cumulative fleld windings,. cir-
cuit means for apnlying a predetermined degree
of excitation to one motor field winding, circuit
means for applying a predetermined degree of
excitation to one generator field winding, cir-
cuit means connecting said main generator to
sald motor to energize said motor, a regulating
generstor, excitation circuit means for apnlying
a, predetermined degree of excitation to said reg-
ulating generator, circult means including =a
series-connected rectifier connecting said regu-
lating generator to the other generator field
winding to execite said other generator field wind-
ing cumulatively with respect to gaid one gen-
erator fleld winding, circuit means including a
series-connected rectifier for connecting said
reculating generator to the other motor field
winding to excite said other motor field winding
cumulatively with respect to said one motor field
winding and to prevent excitation of said other
motor field winding for the polarity of voltage
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output of said regulating generator used to ex-
cite said other generator fleld winding, and cir-
cuit means responsive to the current supplied to

sald motor for exciting said regulating generator
differentially with respect to said excitation cir-

cult means.

Z. In an electr
of a motor over a wide speed range, the combina-
ticn of, a motor having a pair of cumulatively re-
lated field windings, a main generator having a
palr of cumulative field windings, circuit means
for applying a predetermined degree of excita-
tion 1o one motor field winding, circuit means for
applying a predetermined degree of excitation to
cne generator field winding, circuit means con-
necting said main generator to said motor to en-
ergize said motor, a regulating generator, excita-
tion circuit means for applying a predetermined

degree of excitation to said regulating generator,

circuit means including a series-connected recti-
fier connecting said regulating generator to the
other generator field winding to exeite said other
generator feld winding cumulatively with respect
to sald one generator field winding, circuit means
including a series~connected rectifier for connect-
ing sald regulating generator to the other motor
field winding to excite said other motor field
winding cumulatively with respect to said one
movor field winding and to prevent excitation of
said other motor field winding for the polarity of
voltage ocutput of said regulating generator used
to excite said other generator field winding, cir-
Cuit means responsive to the current supplied to
sald motor for exciting said regulating generator
diifferentially with respect to said excitation cir-
cult means, and circuit means responsive to the
voltage of said other generator field winding for
further differentially exciting said regulating gen-
erator. |

3. In an electric drive for controlling the speed
of a motor over a wide speed range, the combina-
tion of, a main generator for energizing the mo-
tor, circuit means for applying a predetermined
degree of excitation to said main generator, cir-
cult means for applying a predetermined degree
of excitation to said motor, a regulating generator,
circult means responsive to the output of said
regulating generator for cumulatively exciting
sald main generator for one polarity of said out-
put and for preventing said last-named excita-
tion of said main generator for an opposite po-
larity output of said regulating generator, cir-
cult means responsive to the outout of said regu-
lating generator for cumulatively exciting said
motor in dependence of said opposite polarity
cutput and for preventing said cumulative ex-
citation of said motor during said one polarity of
output of said regulating generator, and circuit
means responsive to the current of said motor
for contreolling said regulating generator.

4. Apparatus as set forth in claim 8 in which
sald regulating generator is a self-energizing gen-
erator adjusted to operate on its air-gap line.

2. In an electric drive for controlling the speed
of 2 motor having a pair of field windings, the
combination of, a main generator having a pair

of fleld windings, circuit means for connecting

said main generator to said motor to energize said
moctor, circuit means for applying a predeter-
mined degree of excitation to one field winding
0f said generator and one field winding of said
motor, a regulating generator, circuit means re-
sponsive to motor current for controlling said reg-
ulating generator, circuit means responsive to

one polarity of output of said regulating generator

ic drive for controlling the speed
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- for exciting the othei- field winding of-said main
- generator, and circuit means responsive to a re-
versal in output of said regulating genserator fov
exciting the other field winding of said motor.
‘6, Inan electric drive for conircliing the speea
‘of a-motor having a pair of field windings, the
—combination of, a main generafior having a pair of
“field windings, circuit means for connecting said
‘main ‘generator to said mofor to energize said
-motor, circuit -means for applying a predeter-
-mined degree of excitation to one field winaing
ofsaid generator and one ficld winding of said
‘motor, 2 regulating generator, said reguigiing
~generator being a self-energizing generaior. ad-
justed to operate on its air-gap line, circuit means
- responsive to-motor -current for contreolling said
‘regulating generator, circuit means responsive 10
one  polarity of .cutput of said regulating gen-
erator for exciting the other field winding of said
main-generator, and circuit means rasponsive to
g reversal in output of said regulating generator
for exciting the other field winding of said motor.
7. In an electric drive for controlling the spesd
- of a:motor having a. pair of.field windings, the

combination of, 2 main generator having a pair

of field windings, circuit means for connecting
said main generator to said motor to energize
said motor, circuit means for applying a prede-
~termined-degree of excitation to one field wind-
ing of said generator and one feld winding of
said motor, a regulating generator, & main field
winding and a differential field winding for ihe
regulating generator, circuit means for applying
predetermined excitation to said main field windc-
ing, circuit means responsive to motor currens
for exciting the differential field winding of the
regulating generator, circuit means responsive 0
one polarity of output of said regulaling gen-
erator for exciting the other ficld winding of said
main generator, and circuit means responsive 1o
a reversal in output of said regulating generator
for exciting the other field winding of said motor.

8. ITn an electric drive for controlling the speed
of a motor having g pair of cumulatively related
field windings, the combination of, a generator
having a pair of cumulatively related field wind-
ings and having circuit connections for con-
nection to said motor to energize said meotor, cir-
cuit connections for applying s predetermined
degree of exciiation to one field winding of said
motor, circuit connections for aprlying a prede-
termined degree of excitation to one fiield wind-
ing of said generator, amplifisr means having an
output circuib, contrel means for said amplifier
means for affording one polarity of output of sald
amplifier means, control means for said ampli-
fier means responsive 1o an operating quantivy of
said motor for controlling said amplifier means
to reverse the polarity of output thereof, circuls
means connecting said outputl circuit with the
other field winding of said generater for energiz-
ing said other field winding of said generator {or
one polarity of ocutput of said amplifier means
and preventing excitation of said other field
winding of said genrerator upon a reversal in
polarity of output of saia amplifier means, and
circuit means cennecting said outpub circuniy with
the other field winding of said motor for prevent-
ing energization of said other field winding of
said motor for said one polarity of output of said
amplifier and for energizing szald other field
winding of said motor upon a raversal in polarity
of output of said amplifier means,

9, In an electric drive for controlling the speed

of a motor having a pair of cumulatively re-
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10

“lated field windings, the combination of, a gen-
erator having a pair of cumulatively related

field
for

indings and having circuit @ conneactions
connection to said motor to energize sald

‘motor, circuit connections for applying g pre-

determined degree of eXcitation to one field
winding of said motor, cireuit connections for

applying g predeferminad degree of excitation
to one ifield winding of said generatoer, ampli-

fier means having an outpui circuit, control
means for said amplifier means for affording one
polarity of cutput of said amplifier means, con-
trol meang for said armplifier means responsive
to an operating quantity of said motor for con-
trolling said amplifier ineans  to reverse. the
polarity of cuiput thereof, circuit means con-
necting said output circuit withh the other field
winding o©f said generator for energizing said
other field winding of sald generator for one
polarivy of outpul of said arvaplifier means and

-preventing excitation of said other field winding
~of said generator upon a reversal in polarity: of
-output of said amplifier means, circuit means
connecting said output circuit with the other

field winding of said motor for preventing energi-

- zation of gaid other field winding of said motor
Ior said one polarity of cutput of said ampli-
Cfier and for encrgizing said. ovher (feld winding
coitsaid motor upon a.reversal in polarity of out-

puy of said amplifier means, and control means
responsive to the voltage of said other field
winding of said generator for additionally con-
trolling sald amplifier meansg to reverse the po-
larity of output thereof.

10. In a control for g motor-generator drive

wherein the armature of the generator is elec-
trically connected to the armature of the motor,
the moetor and the generator being separately
excited and each having a control field winding,
the combination of, amplifier means having an
outvut circuit, control circuit means for con-
rolling said amplifier means to produce one
polarity of electrical output, control circuit means
for connection with said motor to respond to
an operating quantity thereof for controlling said
amplifier means tc reverse the polarity of out-
put therect, circuit connections including recti-
fier means for connecting the control field wind-
ing of the generator to said output circuit to en-
ergize said control field winding of said generator
for sald one polarity of cutpub of said amplifier
means, and circuit connections including recti-
fer means for connection to the control feld
winding of the meotor for energizing the control
field winding of the motcr upon reversal of the
rolarity of output of said amplifier means.

11i. Apparatus as recited in claim 10, wherein
said amplifier means is a self-energizing gen-
erator having o lcad circuit resistance causing
ocperation of the self-energizing generator on
its air-gap line,

12. In a control for a motor-generator drive
wherein the armature of the generator is elec-
trically connected to the armature of the motor,
the motor and the generater being separately
excited and each having a control field winding,
the conmibination of, amplifier means having an
output circuif, contrel circuit means for con-
trolling said amplifier megns to produce one
bolarity of electrical output, control circuit
means for connection with said motor to re-
spond to an operating quantity thereof for con-
trolling said amplifier means to reverse the PO~
larity of output thereof, circuit connections in-
cluding rectifier means for connecting the con-
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trol field winding of the generator to said out-
put circuit to energize said conirol field wind-
ing of said generator for said one polarity of
output of said amplifier means, circuit connec-
tions including rectifier means for connection
to the control field winding of the motor for en-
ergizing the control field winding of the motor
upon reversal of the polarity of output of said
amplifier means, and control circuit means for
connection to the contrel field winding of the
generator to respond to the voltage therecf for
additionally controlling said amplifier means to
reverse the polarity of output thereof.

13. Apparatus as recited in claim 12 in which
said amplifier means is a self-energizing gener-
ator having a load circuit resisfance causing op-
eration of the self~energizing generator on its
air-gap line.

14. In an electric drive for controlling the speed
of a motor having a pair of field windings, the
combination of, a main generator having a pair
of field windings, circuit means for connecting
sald main generator to said motor to energize
said motor, circuit means for applyving a pre-
determined degree of excitation to one field
winding of said generator and one field winding
- of said motor, a regulating generator, a main field
winding and a pair of differential field windings
each of which is differentially related to said

W
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main fleld winding of said regulating generator,
circuit means for applying predetermined exci-
tation to said main field winding, circuit means
responsive to motor current for exciting one dif-
ferential field winding, circuit means responsive
to one polarity of output of the regulating gen-
erator for exciting the other field winding of said
main generator, circuit means responsive to a
reversal in output of the regulating generator for
exciting the other field winding of the motor, and
circuit means connecting the other differential
field winding of the regulating generator to said
other field winding of said main generator to be
energized in dependence of the voltage thereof.

15. Apparatus as recited in claim 14 and in
addition, means for simultaneously varying the
excitation of said main field winding and said
cther differential field winding of said regulat-
ing generator in the same sense.

RICHARD E. PABST.
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