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Waldemar I. Bendz, Weston, Mass., assignor to 
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burgh, Pa., a corporation of Pennsylvania, 

Application July 2, 1945, Seriai No. 602,36. 
(Cl. 3i,8——6) 8 Clainnis. 

My invention relates, generally, to electric 
drives and control systeins for rolling mills and 
the like and, more particularly, to an electric 
rive and control system for a reversible mill hav 

ing reels or other work-handling devices on Oppo 
Site sides of a roll Stand. 
In the operation of mills of this general type, 

the material being rollied or worked, which is 
usually in the form of a long thin Strip, is paSSed 
back and forth through the roll stand while being 
wound on one reeland unwound from the other 
under tension. It is necessary in order to obtain 
a uniform product to maintain a Substantially 
constant tension on the material at all times On 
both sides of the roll Stand. This is not only nec 
-essary during the normal running of the mill but 
also during periods. Of acceleration and decelera 
tion of the mill. 

In a mill of this kind, the roll stand or mail 
rolls are usually driven by a mill notor, and the 
reels are each connected in driving relation with 
a dynamo-electric machine Which alternately 
functions as a motol and a braking of drag gen 
erator depending upon the direction of operation 
of the mill. 

Heretofore, tension control has been provided 
by controlling the excitation of each reel moto 
by means of a current regulator and other neceS 
sary apparatus responsive to the load current of 
the motor and which functions to automatically 
maintain a predetermined constant load current 
on the motor in accordance with the desired ten 
sion to be maintained. Such tension control al 
rangements require that the regulators be ad 
justed or recalibrated for different Speed ranges 
of the mill, - during periods of acceleration and 
deceleration of the mill, and also to provide the 
required stalled tension. These arrangements 
are also affected by friction and inertia condi 
tions and, therefore, do not provide for main 
taining a substantially constant tension under all 
operating conditions. 

Accordingly, the object of my invention, gener 
ally stated, is to provide an improved drive and 
control System for reversible mills and the like 
which shal ba Of Sinape - and economical Con 
struction, which may be readily installed and 
Operated, and which shall positively function to 
provide improved operating results in controlling 
tension through the entire speed range of the nil 
fron Zero to maxiin Speeds. 
A more Specific object of .ny iVention is to 

provide an electric drive of the character de 
scribed wherein the tensio; control is propor 
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material and is not affected by friction or inertia 
Of the nil. 
Another object of my invention is to provide 

an electric drive of the character described where 
in the Operation of the reel motors is controlled 
directly in accordance With the actual Strip ten 
Sion. 
A further object of my invention is to provide 

an electric drive of the character described where 
in the torque and speed of each reel notor, 
Whether it is functioning as a generator or a 
notor, is controlled entirely by an adjustable 
voltage booster generator functioning to vary the 
armature Voltage of the reel motor in accordance 
With actual strip tension. 
A Still further. object of my invention is to pro 

Vide an electric drive Of the character described 
wherein the torque and the speed of each reel 
motor is controlled by an adjustable voltage 
bOOSter generator Connected in Series circuit rela 
tion with it across the main generator or genera 
toi bus and the voltage of the booster generator 
Controlled in accordance With Strip tension 
through the uSe of Suitable regulator apparatus 
controlled or actuated by a strip tensioning de 
vic?. 
Another object of Iny invention is to provide, in 

an electric drive of the character described, for 
automatically maintaining a constant tension on 
the Strip of material over a Wide speed range and 
wide ange in percentage reduction of thickneSS 
by controlling the reel motorS entirely by booster 
generators so connected as to vary their armature 
Voltages in accordance With Strip tension. 
Another object of my invention is to provide, in 

an electric drive Of the character described, for 
reducing the size and inetia of the reel motors 
and controlling their arnature Voltages by means 
of series connected booster generato's in Order to 
more efectively maintain the predetermined con 
stant tension on the strip of material throughout 
the entire Speed rainge of the mill and particu 
arly during periods of acceleration and decelera 
tion. 
These and other objects of my invention Will 

become more apparent from the following de 
tailed description when read in conjunction. With 
the dira, WillingS, in which : 

Figures 1a and 15 when placed together as in 
dicated constitute a diagrammatic view of an 
electric drive and control System for a reversible 
mill embodying the principal features of my in 
vention; andi 

Fig. 2 is a diagrammatic view of a Suitable 
tional at all times to the actual tension on the 35 motor-generator Set for the electric drive. 
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In practicing my invention in the form illus 
trated, the reel and mill motors are Supplied 
with variable Voltage power fronin a nain gen 
erator, and provision is nade for controlling the 
excitation of the main generator as well as the 
excitation of the mill motor to control the speed 
and direction of operation of the nil. Each reel 
motor is connected to the main generator in series 
circuit relation with a booster generator, the ex 
citation of which is controlled by means of an ex 
citer Orregulating generator. The excitation of 
each exciter generator is controlled by a suit 
able voltage regulator actuated by a strip tension 
ing device positioned between the roll stand and 
each reel motor so that the voltage developed by 
each booster generator is always in accordance 
With Strip tension understalled and running con 
ditions of the mill. Each reel motor may be 
jogged in either direction by a suitable control 
Which connects its associated booster generator 
in Series circuit relation with it and causes the 
associated exciter generator to control the volt 
age of the booster generator. Additional control 
provides for effecting the normal running opera 
tion of the mill and for establishing tension on 
the Strip before the mill is started. 

Referring now to the drawing, there is shown 
a reversible mill in diagrammatic form com 
prising a main roll stand , left and right reels 
2 and 3, and left and right tensioning devices 
4 and 5 positioned between the roll stand and 
the reels for rolling a strip of material i8. As 
shown, the reel 2 is the unwinding reel, and the 
reel 3 the winding reel with the raterial roving 
in the direction of the arrow. 
The tensioning devices . È and 5 per Seare not; 

a part of my invention as any suitable type of 
tensioning device or tensioneter may be used 
in Connection with my electric drive so long as 
it functions to apply a Suitable transverse force 
to the strip 6 and thereby subject it to a sub 
Stantially constant tension throughout the op 
erating range of the device. Anyone of several 
knoWn forms of tensioning devices may be used 
the particular type of device shown being illus 
trative only. 

Since these illustrative devices are identical, 
Only One Will be described in detail and corres 
ponding parts of the other indicated by the same 
reference numerals with letter suffixes. 

Referring to the tension device A, it is shown 
aS comprising, in general, a tensioning roll 
which is Suitably mounted for rotation about the 
bearing point 8. This bearing point is on a Sup 
port f9 which has a center of rotation 2. 
be understood that this provides an eccentric Sup 
port for the roll i so that when the airn 22 of 
the support 9 is noved back and forth, as in 
dicated by the arrows on opposite sides thereof, 
the roll 7 moves up or down, as the case may be, 
to vary the tension on the strip S. 
The ar. 22 is attached to a rotatabily mounted 

CrOSShead 23 by raeans of a link 2. One end of 
the link is attached to an adjustable block 23 
carried by the screw 25 which provides for ad 
justing the position of the block 25 in the cross 
head and thereby the effective lever arm of the 
crOSShead acting upon the roll ?. 'The croSShºad 
23 is provided with an angularly extending arrin 
27 which carries a suitable weight 23, the angi 
lar relation of the a,rm beiing Such aS to ea,1Se the 
force exerted by the roll to be automaticality 
varied over a predetermined range of moverinent, 
So as to maintain a substantially constant tension 
on the strip. 
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It Will be understood that by means of this 

arrangement, the Weight 28 causes the roll 7 to 
be urged upWardly against the Strip 6 with a 
force as determined by the weight itself and the 
pOSition of the adjustable block 25 in the cross 
head. It Will be further understood, of course, 
that the reel motor 2 is SO controlled as to main 
tain the position of the strip S and the roll 
as near constant as possible and within the pre 
determined range of movement. 
The roll stand ) is driven by a main notor 3 

which is Supplied With variable voltage power 
from a main generator 32. This main generator 
may be a part of the notor generator Set, as shown 
in Fig. 2, and driven by a suitable notor 33. 
A dynamoelectric machine is connected in driv 

ing relation. With each of the rees. These ina 
Chines alternately function as notors and gen 
erators and will be referred to hereinafter as ree 
notOS. Thus, reel notor 3s is aSSociated With 
reel 2, and ree motor 35 with reel 3. These 
motors in this instance are provided with field 
windings 34a and 35a, which are separately ex 
cited from a Source of constant Voltage excita 
tion, indicated by the positive and negative 
Symbols. 

During stalled and normal running operation 
of the mill, each of the reel motors 34 and 35 is 
connected across the main generator 32. In 
other words, the reel motors are connected in 
parallel circuit relation to this generator through 
Suitable switches, which will be referred to here 
inafter. It will be understood that by means of 
this connection, the real notor associated with 
the unwinding reel is functioning as a generator 
to regenerate power into the main generator cir 
cuit, and the other reel motor on the winding 
reel is taking power from the main generator. 
In order to provide for controlling the opera 

tion of the reel motors, a booster generator is 
connected in series circuit relation. With each 
motor. Thus, the booster generator 36 is con 
nected with motor 34 and the booster generator 
3T with motor 35. These booster generators 
may constitute a part of the motor-generator Set 
shown in Fig. 2 and are driven at constant Speed 
by the motor 33. The booster generators are 
provided with series field windings 36d. and 3a. 
and separately excited field windings 36b and 
37b. 
In order to provide for controlling the excita 

tion of the booster generators 36 and 3 in ac 
cordance with tension, the excitation of their 
field windings 36b and 37 b is controlled by means 
of exciter generators or regulating generators 38 
and 39. These machines are likewise a part of 
the motor-generator set shown in Fig. 2, or they 
may be in a separate motor-generator Set along 
With the source of control voltage, if desired. 
The regulating generators are each provided With 
three field windings. In the case of the genera 
tor 38, it has a control field winding 38a, a differ 
ential field winding 38b, and a cumulative field 
winding 38c. The generator 39 likewise has a 
control field winding 39a, a differential field 
winding 39b, and a cumulative field winding 39c. 

It will be noted that in each instance the cul 
mulative field Windings 38c and 39C are con 
nected in shunt relation to resistors is and 2 in 
the reel motor circuits so that these field Wind 
ings are excited in accordance with the load cur 
rents of the ree notors. The differential field 
Windings 38b and 395 are connected to the Secon 
dary windings of damping transformers 4:3 and 
44 having their primary windings connected in 



2,590,491 
5 

the reel motor circuit.S. It Will be understood 
that the differential field windings 38b and 39 b 
are energized only in response to Sudden changes 
in the currents flowing in these reel motor cir 

- cuitS. 
The energization of the control field windings 

38a and 39a is controlled by means of regula 
tors 45 and 46, which, in turn, are actuated by or 
in accordance With the movements Of the ten 
sioning devices 4 and 5, as shown. Each of the 
field WindingS 38a and 39c. are connected in a 
bridge circuit Which is controlled by its aSSoci 
ated regular. With respect to field winding 38, 
it will be observed that the bridge circuit con 
prises resistors 47, 48, 49, and 50 with the field 
winding 39a connected between the mid-points 
of these resistors through conductor 5. Resis 
tors 4 and A8 are connected in Series and are 
energized from the control source. The resistors 
49 and 50 are likewise connected in series and 
energized from the control Source. TheSe reSiS 
tors are a part of the regulator 5. This regula 
tor may take any Suitable form, but, in this in 
stance, is shown as of the type having tWO Sets of 
contact fingers 52 and 53 normally insulated 
from each other and connected to taps 54. On 
their associated resistors. The regulator 45 is 
actuated in accordance with the movements of 
the tensioning device by having its actuating 
member 55 connected to the crosshead 23 by a 
link 56. The arrangement is such that When the 
actuating member 55 of the regulator is moved 
in opposite directions, the sets of contact fingers 
52 or 53 will be successively actuated into engage 
ment to shunt the associated resistor, depending 
upon the direction in which the actuating mem 
ber 55 is moved. This, in turn, depends upon 
the direction of movement of the tension roller . 
In view of the foregoing description of the 

bridge circuit, it will now be apparent that the 
regulator 45 functions in response to changes in 
tension on the strip 6 to so control the Voltage 
developed by the regulating generator 38 as to 
cause the booster generator 36 to make the 
necessary adjustment of its voltage to cauSe the 
reel motor 34 to so operate as to bring the tension 
back to its normal desired value. This means, 
of course, that any slight change in the position 
of the tension roller 7 causes the reel motor 34 
to so function as to restore the roler to its proper 
position. 
The manner in which the booster generator 38 

is controlled by its associated regulating genera 
tor 38 depends upon whether or not the reel 
motor 3A is functioning as a motor or a genera 
tor. Under the assumed direction of Operation 
of the mill, in this instance, the motor 34 is 
functioning as a drag generator, and, therefore, 
the booster generator 36 must develop a Woltage 
Which is cumulative with respect to the Voltage 
of the reel motor 34 So that the total Voltage out 
put of these two machines exceeds the voltage of 
the main generator 32. The amount by Which 
this voltage is exceeded determines the torque 
developed by the reel motor 34 as a drag genera 
tor and produces the desired amount of strip 
ten Sion. 
The regulator AG associated with the tensioning 

device 5 functions to control the control field 
winding 39ct of the regulating generator 39 in 
the same manner. In this instance, the bridge 
circuit comprises resistor S and 62 correspond 
ing to resistors 4 and 48 of the other bridge cir 
cuit and resistors 63 and 64 corresponding to 
resistors 49 and 50 of this other circuit. The field 
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Winding 39a is connected between the mid-points 
of these pairs of resistors through conductor 65. 
Since the operation of the circuit is the same as 
the other, it will not be described in further 
detail. 
The pairs of resistors 49-50 and 63-64 of the 

bridge circuits are normally disconnected from 
the control Source and are connected thereto and 
rendered effective by means of a pair of relays 
5 and 68. 
In this instance, the speed of the mill is con 

trolled by varying the voltage of the main gen 
erator 32 and the excitation of the mill motor 3. 
The direction of operation of the mill is con 
trollied by controlling the polarity of the generator 
32. This is accomplished by means of a pair of 
reversing relays 69 and TO provided with operat 
ing Windings and 2 which are controlled by 
a, manual controller GS. The excitation of the 
field winding 32a of the generator is controlled 
by a rheostat 3, and the excitation of the field 
Winding 3 cl of the motor 3 is controlled by 
rheostat T 4. These rheostats are mechanically 
Connected in a Well known manner to provide for 
first increasing the voltage of the generator to a 
naXinuin value and then decreasing the excita 
tion of the motor to a minimum in order to obtain 
maximum mill speed. 

in this instance, the connection of the reel 
NOÈOS to the mai), generator 32 is controlled by 
means of Switches 5 and TI 6. 
Te mill motor 3 is provided with a dynamic 

braking circuit including a dynamic braking re 
Sistor , and this circuit is controlled by a relay 
8 having normally closed contact members 8d. 
and norinally open contact members 78b. 
The connection of the mill motor 3 to the 

generator 32 is controlled by a Switch 79. Each 
of the reel motor circuits includes a current relay. 
The relay 8 is in the circuit of the reel motor 34 
and the relay 82 in the circuit of the reel notor 35. 
The control systein inalludes a control relay 83, 

the function of which will be described more in 
dietail hereinafter. Ti ThiS relay is controlled by a 
lurality of push-button SWitches 84, 85, 86, and 

87, which may be termed the tension on, run, 
Stop and tension of SWitches, respectively. A 
voltage relay 88 responsive to the main generator 
voltage cooperates with these switches in effect 
ing fine varioUS control operations. 
In order to provide for jogging the reel motors 

in either direction, provision is made for con 
necting their associated booster generators in 
Series circuliit relation With their reSpective arma 
tures. In the case of the left reel motor 34, its 
booster geinerator 35 may be connected in Series 
With its armature by means of Switch 80 which 
is controlled by a pair of jogging relays 89 and 90 
which are, in turn, controlled by a pair of push 
button Switches 9 and 92. These Switches are 
Selectively operable to energize the jogging relays 
R8 am di 39, the operation of either one being effec 
tive to energize the SWitch 80. 
As shown, the energizing circuit for the Wind 

ing 33 of Switch S extends through back contact 
rembers Sid of the Switch 5 So that this circuit 
can be completed only when Switch 5 is open 
and the reel motor 34 disconnected from the main 

atgr 2. The energizing circuit for the 
windings S3 and 95 of the jogging relays 

control relay 33 so that a jogging Operation can 
be effected only when the control relay is de 
energized, which is a condition resulting When 
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tioning as a motor, its booster generator voltage 
will be such as to cause its torque to be in the 
desired direction and of the desired value to pro 
duce the necessary pulling tension, 

If it is now desired to initiate the operation 
of the mill, the “run' push-button switch 85 
may be closed which establishes an energizing 
circuit for the Switch 8 to open the dynamic 
braking circuit for the mill notor 3, and for 
the switch is to connect the mill motor 3 to 
the main generator. These circuits extend from 
the positive through contact members 83e of 
the control switch, conductor f2, Switch 85, 
Switch 86 which is normally closed and Con 
ductor 35 where they divide, one branch go 
ing directly to the winding 28 which closes 
switch 8, and the other branch going through 
contact members 82a and 8d, conductor 36, 
contact members 78b which are row closed, and 
the operating winding 3 of switch 79. Con 
tact members 9d, of this SWitch function to 
complete the motor circuit, while the contact 
members 8a of Switch 8 open the dynamic 
braking circuit of the mill motor 3í. 
Sure of Contact 1:1ember 95 establishes a hold 
ing circuit around the run push-button SWitch 
85 so that it may be reieased to its normal open 
position. This operation places the mill in run 
ning condition, and its speed is controlled by 
the generator and motor fied theostats 3 and 
4 as described hereinbefore. 
In the event that it is desired to stop the 

mill, the stop push-button switch 86 may be ac 
tuated, which deemergizes the switch 79 and dis 
connects the mill notor from the main genera 
tor. It is to be understood, however, that in 
stopping the mill, the Speed thereof may be re 
duced by operating the field rheostats 3 and 
4 in the reverse direction from that in which 

they were operated when increasing the speed 
of the mill to normal running Value. 

It Will be noted that as Soon as the Switches 
5 and 3 Were closed to connect the reel no 

tors to the generator, the jogging control cir 
cuits Were rendered ineffective because of Open 
ing of back contact members d and 6cl of 
these switches. This prevents any attempt be 
ing made to effect a jogging operation while 
the mill is running to effect a rolling operation. 
The operation of the control relay 83 also opens 
at its contact members 83d, the energizing cir 
cuit for the jogging relays 39, 93 9, and 98. 
While the field rheostats 3 and have been 

shown as manually operated devices, it will be 
understood that these rheostatS may be motor 
operated and controlled from a remote point 
in a Well known manner. The Sane is true With 
respect to the adjustment of the tensioning de 
vices 4 and 5 which are shown for manual 
adjustment. The hand wheels a and 5b may 
be replaced by a Suitable remote control arrange 
ment. 

In view of the foregoing, it will be appar 
ent that I have provided an electric drive and 
control System for a reversible mill wherein the 
tension on the material is controlled in Such 
manner as to be unaffected by friction and in 
ertia. The torque and speed of operation of 
the ree motors are controlled entirely in ac 
cordance with the tension on the materia by 
means of adjustable booster generators so con 
nected as to properly control the armature volt 
ages of the reel motors. The tensioning devices 
So function as to provide the necessary amount 
of tension on both sides of the roll stand, and 
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their movements are utilized to control the volt 
age regulators which through the regulating 
generators and booster generators cause the 
torques and Speeds of the reel motors to be so 
maintained as to balance the force exerted upon 
the Strip by the tensioning devices. 
In WieW of the fact that the torque and speed 

of the reel motors are controlled solely in re 
SpOnse to tension, a predeternmined constant ten 
Sion may be maintained on the strip under all 
Operating Conditions and regardless of the speed 
of the mill or the degree of reduction in the 
material being roiled. Stalled tension is also 
readily obtained for the reason that the reg 
ulating System functions to effectively control 
the Speed and torque of the reel motors equally 
as well. When stalled as when running. 
Furthermore, in view of the nature of the reg 

ulating control used for the reel motors, the mill 
may Operate over a wide range without recali 
bration or adjustment of the control equipment. 

In view of the fact that the reel motors are 
controlled Solely by series connected booster 
generators and not by shunt field control, the 
size of the reel motors may be held to a mini 
mum So that their inertia, is likewise reduced 
to a minimum which contributes to the degree 
of accuracy to which the tension may be held. 
This is particularly true during periods of accel 
eration and deceleration. The use of series 
Connected booster's effects a more rapid response 
of its reel motors and provides a much wider 
range of control thereof than that obtainable 
by shunt field control. 
While I have shown and described a specific 

embodiment of my invention, it will be appar 
ent to those skilled in the art that changes and 
modifications may be made therein without de 
parting from the principles thereof. 

I claim as my invention: 
1. An electric drive comprising, a main motor, 

a pair of motors each having a mechanical con 
nection. With the main notor, a main generator 
for Supplying variable voltage power to said 
motors, a booster generator individual to each 
motor, a regulator exciter individual to each 
booster generator operable to control the excita 
tion thereof, a regulator for controlling the exci 
tation of each regulator exciter, Said regulators 
being actuated in accordance With operating con 
ditions of their mechanical connections with the 
main notor, means Operable to connect the 
booster generators in closed circuit, relation with 
their associated notors and control the operation 
of their associated regulator exciters to selec 
tively operate each motor in either direction of 
rotation to effect jogging operations, means oper 
able to connect Said booster generators in Series 
circuit relation. With their associated motors to 
the main generator and render the regulators ef 
fective to control their associated regulator ex 
citers, thereby to establish stalled tension oper 
ating conditions of the mechanical connections 
On opposite sides of the main notor, and means 
operable thereafter to coinnect the main motor 
to the main generator. 

2. The combination with a motor of a dynamo 
electric machine mechanically connected to the 
notor, a booster generator, control means oper 
able to connect, the dynaimoelectric machine and 
booster generator to a Source of power in Series 
circuitº relation, a regulator generator for con 
trolling the excitation of the booster generator, 
Said regulator generator having a plurality of 
field excitation windings, means for exciting one 
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of said field windings in accordance with abrupt 
changes in the load current of the dynamoelec 
tric machine, means for exciting another of Said 
field Windings in accordance with the amount of 
load current of the dynamoelectric machine, a 
regulator operable to control the excitation of 
another of said field windings, said regulator be 
ing responsive to an operating condition of the 
mechanical connection, thereby to cause said 
booster generator to so control the effective volt 
age of the dynamoelectric nachine as to main 
tain the necessary speed relation between the 
motor and the dynamoelectric machine to main 
tain a predetermined operating condition of the 
mechanical connection. 

3. A control System comprising, a motor, an 
additional motor connected in operating relation 
with said notor, a booster generator connected 
in series circuit relation with the additional motor 
to a power source, means including a regulator 
for controlling the excitation of the booster gen 
erator, and a novable device responsive to an 
operating condition dependent on operating rela 
tions between said motors, said regulator being 
controlled in accordance With the movement of 
the device, thereby to so control the operation of 
the additional motor as to maintain the device 
Within its operating range. 

4. A control System comprising, a motor, a 
booster generator connected in Series circuit rela 
tion with the motor to a power source for con 
trolling the Speed of the motor, a regulator ex 
citer for controlling the excitation of the booster 
generator, a movable device responsive to an 
operating condition controlled by the motor, and 
l'egulato neans controlled by the device for con 
trolling the excitation of the regulator exciter, 
thereby to so control the speed of the motor as 
to maintain the device within its operating range. 

5. A control System comprising, a main motor, 
an auxiliary motor having a mechanical connec 
tion with the main motor, a variable voltage gen 
erator for Supplying power to the main and auxil 
iary motors, a booster generator connected in 
series with the auxiliary motor, means operable 
to control the polarity and value of the voltage 
of the power source for controlling the speed and 
direction of operation of the main motor, and 
regulator means responsive to an operating con 
dition of the mechanical connection between the 
main and auxiliary motors for controlling the 
voltage of the booster generator, whereby the 
auxiliary motor functions as a motor when the 
motorS operate in one direction and as a drag 
generator when the motors operate in the other 
direction and develops the necessary torque to 
maintain the operating condition of said mechan 
ical connection. Within a predetermined operating 
range throughout the speed range of the main 
motor. 

6. A control system comprising, a main motor, 
a pair of auxiliary motors each disposed to main 
tain a predetermined operating condition with 
the main motor, a main generator for supplying 
pOWer to Said main and auxiliary motors, said 
motors being connected in parallel circuit re 
lation With the main generator, a Source of con 
stant voltage excitation for the auxiliary motors, 
an auxiliary generator connected in series cir 
cuit relation with each auxiliary motor, said 
auxiliary generators functioning to vary the ef 
fective voltage applied to the auxiliary motors 
from the main generator, an exciter connected 
to the field winding of each auxiliary generator, 
a regulator operable to control the excitation 
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2 
of each exciter, a movable tensioning device in 
terposed between the main motor and each 
auxiliary motor, said tensioning devices being 
inherently operable within a predetermined op 
erating range to maintain a substantially con 
Stant tension condition, and means connecting 
each regulator to its associated tensioning de 
Vice for effecting the operation of the regulators 
in accordance with the movements of the ten 
Sioning devices to thereby so control the opera 
tion of the auxiliary motors as to maintain the 
tensioning devices Within predetermined operat 
ing ranges. 

7. In a control System for a main motor and 
a pair of dynamoelectric machines each having 
a mechanical connection with the main motor, 
a main generator for Supplying power to the main 
motor and the dynamoelectric machines, an aux 
iliary generator individual to each dynamo 
electric machine, a movable tensioneter oper 
able in response to an operating condition of 
each of Said mechanical connections, regulator 
means responsive to the movements of the ten 
Siometer for controlling the excitation and there 
by the Voltage of the auxiliary generators, said 
regulator means being normally ineffective, first 
control means individual to each dynamoelectric 
machine for connecting their associated auxiliary 
generators in Series circuit relation therewith to 
effect the operation of the dynamoelectric ma 
chines in either direction to effect jogging op 
erations of the dynamoelectric machines inde 
pendently of the main generator, Said auxiliary 
generators Supplying the necessary power to so 
operate the dynamoelectric machines, and second 
control means operable to effect the connection 
of the dynamoelectric machines to the main gen 
erator in parallel circuit relation and in series 
circuit relation with their respective auxiliary 
generators and to render the regulating means 
effective to control their aSSociated auxiliary gen 
erators to establish a stalled tension condition 
of the mechanical connection. 

8. In a control System a main motor, a pair 
of dynamoelectric machines mechanically con 
nected in operating relation with the main motor, 
a main generator for Supplying power to the 
main motor and the dynamoelectric machines, 
an auxiliary generator individual to each dy 
namoelectric machine, a movable tensiometer 
operable in response to an operating condition 
of the mechanical connection between the main 
motor and each of the dynamoelectric machines, 
regulator means responsive to the movements of 
the tensiometer for controlling the excitation and 
thereby the voltage of the auxiliary generators, 
Said regulator means being normally ineffective, 
first control means individual to each dynamo 
electric machine for connecting their aSSociated 
auxiliary generators in series circuit relation 
therewith to effect the operation of the dynamo 
electric machines in either direction to effect jog 
ging operations independently of the main gen 
erator, Said auxiliary generatorS Supplying the 
necessary power to so operate the dynamo 
electric machines, second control means operable 
to effect the connection of the dynamoelectric 
machines to the main generator in parallel cir 
cuit relation and in Series circuit relation with 
their respective auxiliary generators and to ren 
der the regulating means effective to control 
their aSSociated auxiliary generators to estab 
lish Stalled tension condition of the mechanical 
connections, third control means rendered ef 
fective by the operation of the second control 
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means operable to connect the main motor to the UNITED STATES PATENTS 
main generator to establish running connections, Number Name Date 
and fourth control means operable to control the 1865,410 Byles ------------- June 28, 1932 
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