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My invention relates generally to power-
transmission systems and more particularly
to power systems suitable for operatmfr roll-
ing mills and machines of similar nature
wherein each roll or element of the mill or
machine is driven by a separate motor.

In the operation of rolling mills, it is the
usual practice to operate a pair of roHs form-
ing a single stand, by means of a smcrle motor
connected to both rolls thr ough a suitable gear
box having cooperating pinion members con-
nected to-the roll Qplndles As aresult of the
increasing demand for more economical mill
1nsmllat10ns, the single-motor drive has
proved unsatisfactory, since the initial cost
of the installation, as “well as the maintenance
cost, is high. ‘

"The present day practice has extended roll-
ing-mill operations to include many different
rolhno schedules. In order to meet these de-
nnnds, the mill operator following the old
practice must necessarily make a larO‘e nvest-
ment to provide a sufficient number of mill
rolls to maintain the required schedules. The
reason for the great increase of rolls, with the
increase of schwdules, results, bemuse the
single-motor drive doos not lend itself to rela—
tive speed variation of the rolls.

In other words, when a gear box having a
fixed .gear ratic is ut1117ed, ag in a single-
motor drlve, the speed of the individual rolw
is fixed, and rolls of different diameters can-
not be used interchangeably in order to re-
duce the number of roll sets required for the
different schedules.

Turthermore, the natural tendency is for
the mill rolls to wear, changing their respec-
tive. diameters’ and, conqequent y, causing
their peripheral speeds to become unequa 1,
unless a corresponding change is made in
their speed ratio. Since the rollsin a single-
motor drive are mechanically. connected
through the gear box, which hags a fixed
gear mtm there can be no readjustment
of their relative speeds to maintain the
pempheral speed of one roll exactly equal to

that of the other unless a change be made in

the gear ratio of the drive.

Another wundesirable feature @ resulting
from worn rolls is that the metal which is be-
ing rolled tends to cause the rolls to operate

1% equal peripheral speeds which do not con-
foun to the fixed %peed% at which the posi-
tively connected motor tends to drive them.
TWhen this condition occurs, stresses are set
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up in the rolls and in the pinions of the gear
drive which generally result in damaged
rolls, broken spindles, damaged gears and an
improperly rolled product. ,

The object of my invention, generally
stated,is to provide-a power system for roll-
ing mills which shall be simple and efficient
in operation and readily: and economically
manufactured and installed.

A more specific object of my invention is to
provide for maintaining a- predetermmed
peripheral speed and load ratio between

motors individually connected to ‘che separate

rolls of a rolling:mill. . .

Another ob]ect of my invention is to pro-
vide for readily adjusting the relative speeds
of the cooperating rolls of a mill driven by
separate motors to maintain equal peripheral
speeds, regardless of the dlameters of the re-
spective rolls.

Other objects .of my 1nvent10n will become

evident from the following description, taken
in_conjunction with the drawmgs in which

Figure 1is a diagrammatic view ofa power
system -suitable for application to: rolling
mills ‘having  individual-roll drive motors,
embodying the principal features.of my in-
vention.

Fig. 2 1s a diagrammatic view showing a
modification of the power system of I‘1<> 1
which ‘may be. utilized for non-reversing
mills, and -

Fig.8isa snnphﬁed chagrammatlc view of

a rolhng mill showing how individual-roll

drive motors may be applied.. :

Referring now to the drawings, 10 and 11
designate, generully, direct-current motors of
any sultable type which may be utilized for
operating the rolls 12 and 13 of a rolling mill
of a conventional type, as shown in Fig. 3.

While, in this disclosure of the invention,
the- power system is applied to rolling- ‘mill
drives, it will become evident as the descrip-
tion proceeds that it may also be readily ap-
plied to other machines having similar oper-
ating characteristics.

Tn this embodiment of the 1nvent10n, com-
pound-wound motors are utilized for driving
the rolls. The. motors are provided with
main or separately-excited field windings 14
and 15, cumulative compounding field wind-
ings 16 and 17 and differential compounding
feld windings 18 and 19. In this instance,
the compoundm@ field windings function in
the same manner as ordmary series wind-
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ings. However, they are of different con-:

struction and the effect which they produce
may be more readily controlled and varied,
as will be pointed out hereinafter. )

“The roll motors 10 and 11 may be sup-

plied with power from any suitable source of

. direct-current energy. However, in this in-

10

20

stance, since it is desirable to control the
speed and direction of operation of the mo-
tors by variable-voltage control, a plurality
of direct-current generators 21 and 22 are uti-
iized. -Asshown, the generators are mechan-
ically connected by a shaft 28 and electri-
cally connected in parallel-circuit relation to

" the bus bars 24 and 25, to which the control

motors 10 and 11 are also connected in par-
allel-circuit relation. EE

“The generator may
mover of any suitable type, which, in this

instance, is not shown, since the construction

“and operation of motor-generator sets of this

type are well known. - ‘ :

- Agshown, the generators 21 and 22 are pro-
vided with main or separately-excited field
windings 26 and 27, cumulative series-field
windings 28 and 29 and differential series-
field windings 30 and 31.. The series-field
windings of the generators are cross connect-
éd in a well-known manner to obtain a pre-

determined load balance between the two ma- -

chines. ‘Since generator-connections of this
kind are well known, the function and oper-
ation of the series windings, when connected

_in this manner, will be described only gener-

60

aily.  ‘The main field, which determines the
voltage of the generators, is developed by the

main or separately excited field windings 26

and 27. The differential series-field wind-
ings are connected to establish a field flux in
the opposite direction to the flux established
by the main or separately-excited field wind-
ings, while cumulative. series-field windings
are connected to establish a field flux in the
same diréction as the main field. - If the geu-
erators are of equal capacity, the main fields
are regulated or adjusted to cause an equal
division of load between the two machines or,
if the machines are of unequal capacity, the
relative excitation of the main field windings
may be adjusted to divide the load in the de-
sired ratio. o N

Since the cumulative series-field windings
are cross connected, they may be caused to
exactly balance and counteract the excitation
produced by the differential fields when the
loads on the generators are equal or when

the total load is being divided in a predeter- -

mined ratio. ‘When the load becomes unbal-

.anced, " the  heavily-loaded generator de-

sreases its main-fleld flux through the action
of its differential series-field winding, which
is in series with its armature, while the op-
posite effect is produced upon the main-field
flux of the other machine, since its cumu-
lative series-field is cross connected to the

be driven by a prime -

1,916,447

heavily loaded machine and, therefore, adds
to the main-field excitation. It will be read-
ily understood that the effect of this is to
reduce the voltage of the heavily loaded ma-
chine, causing it to reduce its load and in-
crease the voltage of the lightly loaded ma-
chine, causing it to assume a greater share
of the load and thus establish the initial load
balance. :

In order to control the direction of the

main field of the generators and, consequent-
ly, the voltage applied to the motors 10 and
11, a plurality of reversing switches 32 to
35, inclusive, are provided. :

The speed of the roll motors 10 and 11

may be controlled by either varying the volt-"

age of the generators or by varying the field

excitation of the motors. In this instance,

one point of speed control by each method is

shown;, although it isto be understood that as
many points of speed control as desired may

be cbtained. Asshown,a field resistor 36,and
a bridging switch 37, are provided in the
energizing circuit of the generator main field

windings 26 and 27 to vary the field carrent *

in a one-step operation. The speed control

obtained by varying the excitation of. the
motor fields will be described in detail, here~

inafter. : :

“In order. to control the operation of the
roll ‘motors in accordance with: the present
invention, a plurality of series exciters 38

to 41, inclusive, are provided. ‘The exciters
-are provided with field windings 42 to 45,

inclusive, connected in series with the motor
armatures, as shown. . - . -

In this embodiment of the invention, one
of the main functions of ‘the series exciters
is to provide an energizing voltage for the
compounding-field windings on the motors

80

which shall vary in direct proportion.to the

load currents fluwing in their respective cir--
cuits. . Accordingly, the exciters are driven

at substantially constant speed and operated
on the lower portion of their saturation curve
in order that a change in field excitation shall
cause a° corresponding change of terminal
voltage. . Constant-speed motors of any suit-
able type may be utilized for driving the ex-
citers and, in this instance, motors desig-
nated, generally, by the numerals 46, 47 and
48 are provided. '

In order to control the direction of flow
of current in the exciter circuits,a plu-
rality -of reversing switches 49 to 56, in-
clusive, are provided. As shown, a pair of
switches are utilized in each exciter circuit,
the function and operation of which will be
described in detail hereinafter. .

As deseribed hereinbefore, the second step
of speed control is -obtained by varying the
field excitation of the motors. Therefore, in
order to vary the excitation of the main field
windings 14 and 15, a field resistor 57 and

a bridging switch 58 are provided. In this

-

~aU

fo
w
(=]



-
<

o
Ot

[T
fa

oy
o8

(=1
S

[
<

60

1,916,447

instance also, a plurality of points of speed
control may be obtained by simply provid-
ing a plurality of bridging switches for the
resistor,

The operation of the system may be con-
trolled in any suitable manner. However,
in this embodiment of the invention, a man-

ually-operated master switch 59, provided

with drum segments 60 and 61 and stationary

'+ contact fingers 62 to 67, inclusive, is utilized.

In order that a full and complete under-
standing of my invention may be obtained,
the operation of the system, as it is applied
to a rolling mill having individual roll drive
motors; will now be described in detail.

Assuming that the generators 21 and 992
are being driven by a prime mover (not
shown), then a voltage for energizing the bus

_bars 24 and 25 may be developed. As shown,

a master switch 59 is provided for controlling
the operation of the bridging switches 37
and 58, generator field reversing switches 32,
83, 34 and 35 and motor field reversing
switches 49 to 56, inclusive. ‘

If it is desired to operate the roll motors
10 and 11, in the forward direction, the drum
segment 60 of the master switch 59 may be
actuated to the first position into engagement
with the contact fingers 62, 63, 64 and 56.

» An operating circuit is thereby established

for actuating the proper motor and gen-

erator field-reversing switches which may be
£,

traced from the line conductor 70, through

conductor 72, contact fingers 62 and 64—

© bridged by the segment 60—conductor 73,

operating coils of the motor-field reversing
switches 56, 54, 52, and 50 and the operating
coils of the generator field-reversing switches
38 and 35, to the line conductor 71.

In response to the closing of switches 83
and 35, an energizing circuit for the gen-
erator main-field windings is established
which extends from the line condiictor 70,
through conductor 72, contact fingers 62 and
63—bridged by the segment 60—conductor
T4, switch 33, conductor 75, main field wind-
ings 27 and 26, conductor 76, switch 35 and
field resistor 36, to the line conductor 71.

in order to provide a strong shunt-field
excitation for the roll motors 10 and 11, dur-
ing the starting operation, provision is made
for bridging the field resistor 57 during the
initial starting period. As shown, an actu-
ating circuit for the bridging switch 58 may
be established which extends from the ener-
gized contact finger 65 through conductor 77
and operating coil of the switch 58, to the
Iine conductor 71. Therefore, the switch 53
is closed when the drum 59 is actuated to its
first position.

The speed of the roll motors 10 and 11 may
be further increased by actuating the master
switch to the second position, thereby ener-
gizing the contact fingers 67 and establishing
an operating circuit through the condusctor

78 for the bridging switch 87, as shown.

Upon the closure of the switch 37, the gen-

erator-field resistor 86 is bridged, and the
main field excitation of the generators in-
creased a predetermined amount. Further
increase in speed of the roll motors may be
obtained. by actuating the master switch to
the third position, thereby deenergizing the
contact finger 66 which interrupts the oper-
ating circuit of the bridging switch 58. When
the switch 58 opens its contact members the
field resistor 57 is reinserted in the excita-
tion circuit of the main field windings 14
and 15. ,

In performing rolling operations, it is de-
sirable to rotate the rolls at the same periph-
eral speed, independently of their diameters.
Therefore, it becomes necessary to provide for
readily adjusting the initial speed of the roll
motors in order to obtain equal peripheral
speeds. Since the main fields predominate
in controlling the operation of the motors,
provision is made for separately varying the
excitation of the main field windings 14 and
15. Field rheostats of any suitable type may
be utilized for this purpose which, in this
instance, are shown in diagrammatic form at
81 and 82. , ‘

It will be readily understood that, through
the agency of the rheostats, the initial rela-
tive speeds of the motors 10 and 11 may be
adjusted at will. Thus, if the diameter of
one roll is one half that of the other, the
speed of its motor may be doubled and that of
the other may remain unaffected or any other
desired speed adjustment may be made.

When the metal is engaged by the rolls; an
entirely different problem of control presents
itself. In order to perform a desirable roll-
ing operation and to obtain a desirable prod-
uct, it is necessary that each roll shall exert
the same pulling or reducing force upon the
metal during the rolling operation. This is
necessary in order to roll a flat strip or a flat
object of any kind since, if the rolls rotate
at different peripheral speeds, the pulling
forces, of reduction, applied by the rolls are
unequal, and the reducing process will be un-
balanced.  When a condition of this kind ex-
ists, the reduction of one side of the metal will
be carried on at a faster rate than on the
other side, and, in leaving the rolls, it will
naturally acquire a curved shape. There-
fore, it is evident that the initial speeds of the

roll motors 10 and 11, as determined by the

adjustment of their shunt-field excitation,
must be maintained; or, in other words,
there must be a balancing force acting con-
tinuously throughout the rolling operation
in order to maintain this operating charac-
teristic.

In this particular embodiment of the in-
vention, the balancing force for maintaining
a predetermined load balance and speed ratio
between the roll motors 10 and 11 is ob-
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tained by cross connecting the differential-
compounding-field windings 18 and 19 and
maintaining balanced cendition between the

excitation produced by the compounding-field

windings of each motor when the motors are
dividing the total load in the desired ratio.

As shown, the cumulative-field winding 16
of the motor 10 is connected to the series
exciter 38 and, therefore, the excitation of
this feld winding varies in direct proportion

" {o the motor load. However, its differential-

20

field winding 18 is cross-connected to the se-
Fies exciter 40 of the motor 11 and, therefore,
its excitation varies in direct proportion to
the load on the motor 11. The same scheme
is used for the field windings 17 and 19 of
the motor 11. Therefore, it ig evident that
the load currents in the motor circuits must
remain at the same relative value in order
that a balanced condition may be maintained
between the compounding fields of each mo-
tor.

Tn order that a more comprehensive under:
standing of the balancing operation may be
obtained from the description which is to fol-
low, the cause of load unbalance will first be

. explained.

1N
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“In manufacturing motors and electrical
machines of this character, it is difficult to
produce motors which are exactly alike.
There is always a slight variation in those
parts which determine the operating charac-
feristics of the motor, that is, the air gaps
are unequal or the iron used in the magnetic
cireuit is not of the same quality or quan-
tlty. : i :

¢ is evident that, when two motors differ
in- such respects, their operating character-
istics are not the same and, consequently, &
seemingly correct adjustment of their shunt-
field currents does not cause them to divide

the load in a predetermined ratio, when they

eperate in parallel-circuit relation and coop-
evate in carrying the same total load. ~

Tt will be readily understocd that, if the
motor 10, for example, becomes overloaded,
for any reason, the current flowing through
its armature cirenit and the field windings
49 and 43 of the exciters 38 and 89 is increased.

"The exciter voltages are immediately 1n-
creased, thereby increasing the cumulative
fiold excitation of the motor 10 and the dif-
ferential field excitation of the motor 11.
The effect of this is to strengthen the effect
of the cumulative field of the motor 10 and
to weaken its effect in motor 11.

Since the cumulative field aids the main
field, the total field flux in the motor 10 is

increased, causing its counter K. M. F. to

increase which opposes and decreases its load
current to reduce the load.

"The increased excitation of the differential-
field winding 19 of the motor 11, however;
produces exactly the opposite effect on this
motor. Sinece its load does not change ap-

1,016,447

preciably during the initiation of the balane-
Ing operation, the excitation of its cumu-
lative-field winding 17 remains substantially
constant. -An increased excitation of the dif-
ferential-field winding 19, however, inter-
rupts the balanced-field condition in this mo-
tor, and, since the flux produced by the dif-
forential-field winding 19 is in opposition to
that produced by the main field winding 15,
the total excitation of the motor is reduced.
When this condition exists, the counter elec-
tro-motive force of this motor is decreased
and renders it more susceptible to assuming
an increase in load current.

In view of the foregoing explanation, 1t
is evident that the balancing force created by

76

75

80

2 load unbalance is doubly effective. In the .

first instance of the heavily loaded motor, a
condition is established which causes this
motor to reduce its load, while, In the second

‘instance, a condition is established in the

other motor which causes it to assume a
greater load. It is evident that the heavily-
foaded motor is not merely prevented from
taling more load, but conditions are set. up
in the lightly-loaded motor which cause it to
actually take a part of the load of the heavily
Toaded motor.

The double effect of the balancing force
may be further illustrated by assuming that

-85

90

the load on the motor 10 is sufficient to enable -

it to produce, for example, +1500 ampere

turns in its cumulative-field winding 16,

which would csuse the differential feld
winding 19 of the motor 11 to produce —1500
ampere turns, while the load on motor 11
produces +1000 ampere turns in its cumula-
tive-field winding 17 and, therefore, —1000
ampere turns in the differential-field winding
18 of the motor 10. When this condition
exists,
the motor 10 is =+ 500 ampere turns, while,
in the motor 11, it is ——500 ampere turns.

Therefore, it is evident that the total unbal-

ance between the fields of the two motors is
1000 ampere turns, which is double the
amount which could be produced unless the
fields of both motors were differentially va-
ried by utilizing cross-connected differential-
field windings. . ‘
Tt will be readily understood that the load
ratio of the motors is automatically main-
tained in response to the continuous opera-
tion of the balancing force and its effect upon
the motor speeds. The balancing force in
the system is created by the load unbalance
and, consequently, it appears and continues

to exish to cause the motors to always divide

the load, regardless of its total amount, in
a predetermined ratic and, therefore, when
the overloading of one motor tends to reduce
its speed, it is immediately relieved of a por-
tion of its load, which is assumed by the other
motor. This division of Toad is obtained

automatically by a slight adjustment of the

the unbalance in the field excitation of .

i
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- and speed-maintaining effect.
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relative speeds of the motors through the
operation of the balancing force.

The importance of maintaining a predeter-
mined speed ratio between the motors is re-
alized more fully when the effect of unbal-
anced counter electro-motive forces hetween
the two motors is considered. . Assuming
that the excitation of the motors remains con.
stant, their respective counter electro-motive
forces vary in direct proportion to their
speed, and, since they are not mechanically
connected except by the metal between the

rolls, there is a tendency for one motor to

constantly run faster than the other. Since
the loop circuit connecting the two motors
is of very low resistance, a small unbalancing
of the counter electro-motive forces causes
an extremely high circulating current to flow
between the motors. Thig condition may oc-
cur when motors ¢f any capacity are con-
nected and operated in this manner. How-
ever, the larger the motors the more serious
the condition becomes, since only a small un-
balance may cause the flow of several thou-
sand amperes of circulating current. v

As set forth hereinbefore, each exciter cir-
cuit is provided with a pair of reversing
switches which, as described, are utilized to
maintain the proper direction of flow of the
exciting current in each of the compound-
ing-field windings. As is well understood,
when the motors 10 and 11 are reversed by

‘reversing the applied voltace. a reversal of
bl t=hg ]

their armature current occurs. This causes
the exciters to reverse their polarity and,
consequently, the excitation of the compound-
ing-field windings is reversed. Since the dli-
rection of the main field excitation is not
flux produced
in the compounding-field windings must al-
ways be maintained in the same direction in
order that the proper balancing effect may
be obtained. The use of field-reversing
switches in the exciter circuit is enly neces-
sary in case the roll motors are to be reversed,

‘as would be the case for a reversing mill:-

As described in detail hereinbefore, it is
necessary vo utilize crossed-field control. in
the system in order to obtain a load-balancing
: Furthermove,
if the mill is of the reversing type using Ward
Leonard speed and direction’ control, it is
necessary to reverse the excitation of the com-
pounding-field windings in accordancs with
each reversal of the motors. It is evident
that it would be practically impossible to

reverse the excitation in this manner if series -

field windings of the ordinary type were uti-
lized for the reason that they would carry the
entire load current of the motor. This would
require the uze of high-capacity switches and
a complicated control. apparatus in order to
effect their reversal. ‘ .- ‘
However, it is evident that this function
may be readily accomplished by utilizing the

86 is also energized to establish

series-exciter scheme embodied in this inven-
tion. In this instance, the compounding-
field windings produce the same effect as
ordinary series windings by utilizing a small

excitation current which is, at all times, pro-

eration of the series exciters, and it is easily
controlled by utilizing reversing switches in
the exciter circuits. o -

In Fig. 2 of the drawings, is shown a
power system embodying the same features

of my invention suitable for application to

a non-reversing mill. ' The operation of this
system is practically the same as that de-
scribed hereinbefore for the system shown
in Fig. 1. The main field circuit of the
generators is controlled by the single field
switch 85 instead of the reversing switches
82 to 35, inclusive, in Fig. 1. .

A master switch 86, having a drum seg-

70
portional to the load current, due to the op-

80

85

ment 87 and contact fingers 88 to 91, inclu- -

sive, is provided for controlling the oper-
ation of the system.  As shown, when the
master switch is actuated to the first posi-,
tion, contact fingers 88 to 89 are bridged by

the segment 87 to establish an operating cir-

cuit for the field switch 85 which extends

from the line conductor 71, through con-
ductor 92, contact fingers 88 and 89—bridged
by the segment 87—operating coil of the

switch 85 and conductor 98, to the line con-

ductor 70. Upon the closure of the field
switch 85, the ‘excitation circuit of the gen-
erator main field windings 26 and 27 is estab-
lished. o , E
The contact finger 90 of the master switch
an operating
cirenit for the switch 58,
the motor-field resistor 57
mum field excitation for
and 11 duaring their starting operation. The
speed of the.roll motors 10 and 11 may be fur-
ther increased by actuating the master switch
to the second position, thereby energizing
the contact finger 91 and establishing an op-

to provide maxi-

thereby bridging
the roll motors 10.

90

35

100

106

110

erating circuit for the switch 37 which, upon -

its closure, bridges the generator field resistor
36 and increasés the main field excitation of

the generators. The operation of the mas-
“ter

the
58,

operating circuit of the bridging switch
thereby rendering the field resistor 57

etfective to decrease the excitation of the mo-.

tors to further incréase their speed. : |

It will be readily understood ‘that, since

this system is intended only for non-revers-
ing operation, it is ‘unnecessary to provide
for reversing the excitation of the.compound-
ing-field windings of the motors 10 and 11 in

order to' maintain the balancing effect in the

system. As shown, the differential-field
windings 18 and 19, in this instance, are in
the form of regular series-field windings con-
nected in the motor circiiits in series with

switch to the third position interrupts *

115

120
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the ﬁe’i&'windingé 49 and 45 of the series ex-
citers 88 and 41, respectively. ’
The method of conuecting the compound-

' ing-field windings of the system in Fig. 2 may

B

=
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25

be exactly opposite that shown, if desired:
That is; the cumulative-field windings 16 and
17, iiay be in the form of regular series wind-
ings, and the differential field produced by
compounding-field windings excited from
the exciters. ~ : - ,

“The latter method of excitation would be
of particular advantage, in obtaining proper
speed regulation of the motors, if it were de-

~gired to'maintain a constant operating speed

for tandem-mill application. = In this event,
the series fields would be - designed to give
the motors a drooping-speed characteristic,
and the excitation of the differential-com-
pounding field windings varied by means of
cuitable rheostats to give the desired oper-
ating speed for the load at which the motors
were required to operate. o
Trom the foregoing description, it is evi-
dent that the operation and the functions
produced by the different elements of this

_ system are exactly the same as those preduced

80

'35

plurality of motors

40
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‘compounding field -windings

by the system shown in Fig. L.

““Tt may be stated in conclusion that, while
the illustrated example constitutes a practi-
cal embodiment of my invention, I do not
wish to limit myself strictly to the exact de-
tails herein illustrated, since other modifica-
tions may bé made without departing from
the spirit of the invention, as defined in the
appended claims. ’

1 claim as my invention:

1. Tn .2 power system, in combination, a
and generators, said
motors being connected in parallel-circuit re-
lation to said generators, each motor heing

provided with a mam fleld winding and

cumulative and  differential compounding
field windings, and exciter means responsive
to the load on any one motor for establishing
an unbalance in the field excitation of the
_ of all the
motors, thereby to correct for a load un-
balance between the motors, caused by a vari-

ation in their relative speeds.

9. In a power system, in“combination, a

plurality of motors ecach provided with a
main field; cumulative compounding and dif-
ferential compounding-field windings, means

for individually energizing the differential-
compounding windings of each motor in ac-
cordance with the current flowing in the
other motor, and means for individually en-
ergizing the cumulative-field windings of
each motor in accordance with the current
flowing in that motor, to obtain balarce .of
load: -

3. In a power system for motors dividing
their Toads in a predetermined ratio, in com-
bination, a plurality of motors each provided
with separately-excited main field windings,
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differential-field and cumulative-field wind-
ings; and means for individually exciting the
field windings of each motor, said exaiting

means being arranged to respond to the foads

carried by the motors to cause an increase in
the excitation of the cumulative-field wind=
ing of the motor exceeding its proportion of
the load and an increase in the excitation cf

the - differential-field winding of the other =
75

motor to reestablish the load ratio,

-4, In a power system, in combination, a
plurality of motors disposed to divide a com:=

mon load in a predetermined ratio, the
motors being provided with separately-ex-

cited main field windings which determine

the load ratio and auxiliary-field windings,
the auxiliary-field windings of each motor
being differentially arranged to balance when

there is proper division. of load, and sepa-’
rate exciters for the auxiliary-field windings,

means for driving theé exciters at substan-
tially constant speed, said exciters being dis-
posed to respond to changes in the load cur-
Tent of the motors to vary the relative exci-
tation of the auxiliary-field windings to cor-
rect changes in the load ratio.

5. In a power system, in combination, a
plurality of motors disposed to divide a com-

‘mon load in a predetermined ratio, each

motor being provided with sep arately-excited
main and auxiliary-field windings, the auxil-
iary-field windings of each motor being dif-
ferentially disposed, and current responsive
means for exciting the auxiliary windings of
the motors, said exciting means being dig-
posed to effect a balance between ‘the auxil-
1ary windings of each motor when the motors
divide the load in the predetermined ratio
and to unbalance the auxiliary field windings
to correct for a division of load which is not
in accordance with said load ratio. =
6. In a power system, in combination, a
plurality of motors disposed to divide a com-
mon load in a predetermined ratio, the motors
heing provided with separately-excited main

field windings and auxiliary-field windinge,

the auxiliary-field windings of each motor
being differentially disposed, and electro-re-
sponsive means for individually exciting the
auxiliary-field windings of the motors, said

‘electro-responsive exciting means being dis-

posed to effect a balance between the auxil-
iary-field windings of each motor when the
motors divide the load in the predetermined
ratio and to correct for a division of load
which is not in accordance -with said load

ratio by effecting an unbalance between the

auxiliary field windings of each motor.

=
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7. Tn 'a power system for motors dividing .

the load in a predetermined ratio, in com-
bination, a plurality of motors, each pro-
vided with main, differential compounding
and cumulative compounding field windings,

‘and separately-driven generator means for

exciting the field windings of each motor,



20

30

i

[N

ol

(=5
el

L5

1,916,447

said exciting means being disposed to respond
to the loads carried by their respective motors
to cause an increase in the excitation of the
cumulative compounding-field and a decrease
In the excitation of the differential com-
pounding-field of a motor carrying a load
greater than its predetermined proportion,
and an increase in the excitation of the dif-
ferential field and a decrease in the excita-
tion of the cumulative field of the motor
carrying a load less than its proportion to
reestablish a predetermined ratio in the load-
ing of the motors. ‘

8. In a motor-control system, in combina-
tion, a plurality of motors provided with
main and series-compounding field windings
disposed to drive a common load, a source
of power for the motors, said motors being
connected in parallel-circuit relation to the
power source, means for controlling the ex-
citation of the main field windings to vary
the relative motor speeds, and eletrical means
associated with, and responsive to, the load
current of :each motor for separately con-

trolling the relative excitation' of the series-

compounding field windings of each motor,
thereby to automatically vary the strength
of the total field flux produced by the main
field and compounding-field windings to
maintain any predetermined speed relation
between the motors, as established by the
mitial main field excitation. ‘

9. In a motor-control system, in combina-
tion, a plurality of motors provided with
main and series compounding-field windings,
a source of power for the motors, said motors
being connected in parallel-circuit relation
to the power source, manual means for vary-
ing the main field excitation of the motors
to establish a predetermined speed relation
between the motors, rotatable means asso-
ciated with each motor to individually vary
the excitation of the series-compounding-
field windings in accordance with the loads
on the respective motors to produce a total
variation of the field flux of both motors in
proportion to the variation in load, and
means for driving said rotatable means at g
substantially constant speed. -

10. In a system for controlling the speed
relation between a plurality ‘of individual
motors, in combination, a source of power for
the motors, said motoers being connected in
parallel-circuit relation to the power source,
each_motor being provided with main field
windings and cumulative and differential
compounding-field windings, and separate
means responsive to a change in load ratio for
controlling the excitation of said compound-
ing-field windings, to'vary the field excitation

“differentially with respect to the loads there-

by to correct for load unbalance.

11. In a power system, in combination, a
plurality of motors, a source of power for
the motors, said motors being connected in

7

parallel-circuit relation to the power source,
each motor having a main field winding and
cumulative and differential compounding-
field windings, means for varying the excita-
tion of the main field winding to. prédeter-
mine the load ratio of the motors, and means
including separately-driven exciters respon-
sive to the motor loads for controlling the
relative excitation of the compounding-field

windings to maintain the predetermined load *

ratio. v

12, In an electric drive for rolling mills
provided with a plurality of reducing rolls;
In _combination, a plurality of motors indi-
vidually connected to the reducing rolls, a
source of power for the motors, the motors
being provided with separately-excited main
field, cumulative and differential compound-
ing fleld windings, means for controlling the
relative excitation of the main field wind-
ings to establish a predetermined load ratio,
a pair of exciters for each motor, one of each
pair being connected to the cumulative com-
pounding-field winding of its motor, the
other to the differential compounding-field
winding of another motor, said exciters be-
ing disposed to balance the excitation of the
compounding-field windings of each motor
when the load is dividing in said predeter-
mined ratio and to'act in response to changes
in motor-load currents, thereby to unbalance
the excitation of the motors in proportion to
the unbalance in load to correct the unbal-
anced load condition. Co

13. In an electric drive for rolling mills
provided with a plurality of reducing rolls,
» combination, a plurality of motors indi-
vidually connected to the reducing rolls, a

source of power for the motors, the motors

being provided with separately excited main
field, cumulative and differential compound-
ing-field windings, means for controlling the
relative excitation of the main field wind-
ings to establish a predetermined load ratio,
an exciter for each compounding-field wind-
ing, said exciters having field windings con-
nected in series with the roll motors, each
differential compounding-field winding  be-
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ing cross connected to an exciter of another -

motor to effect a balance of the fields pro-
duced by the compounding-feld windings of
each motor when the motors are properly
dividing the load and to produce equal and
opposite variations in the field excitation of

the respective motors, thereby to produce a’

total corrective unbalance between the fields

of the motors double in ‘proportion to ‘the

load unbalance. :
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14. The combination with a r.olh'ng il -

provided with a plurality of reducing rolls,
individually op-
erating the rolls, a generator for supplying

of a plurality of motors for

power to the motors, means including a
master switch for controlling the direction
and value of the generator voltage to cori-

130
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trol the speed and direction of operation of
the motors, said motors being provided with
separately-excited main field windings and
cumulativeand differential compeunding field
windings, a series exciter for each componna-
ing field winding associated with-each motor,
one of the compounding field windings of

.each motor being connected to one of the ex-
-citers associated with the other motor to pro-

vide for maintaining a ‘predetermined load
ratio between the motors, and means respon-
give to the operation of the master switch
for rendering the series exciters effective to
maintain load division when the motors are
operating in either dirvection.

15. In combination, a plurality of cooper-
ating roll members, a motor connected to
each roll member, each of said moters being
provided with a main field winding and &
pair of differentially-disposed auxiliary field
windings, a source oi excitation current for
the main feld windings, and separately-
driven exciter means associated with each
motor disposed to automatically vary the ex-
citation of the auxiliary field windings n
accordance with the loads carried by their re-
spective motors. , R

16. In combination, a plurality of cooper-
ating rolls, a motor for actuating each roll,
snid motors being provided with main_field
windings and cumulative and differential
auxiliary. field windings, a source of power
for the motors, means for varying the excl-
tation of the main field windings, means as-
cociated with each motor responsive to the
load ecurrents of the motors for simultane-
ously controlling the excitation- of the aux-
iliary field windings of all the motors, and
means operable to render said last named
means effective regardless of the direction in
which the motors are operated.

17. In combination, a plurality of roll
members, a motor for actuating each roll,
a source of power for the motors, means for
manually controlling one component of ex-
citation of the motors, and separately-driven
cenerators associated with each motor for
simultaneously controlling another compo-
nent of excitation of their respective motors
and of the other motors, said generators be-
ing disposed to function in accordance with
the load currents of their respective motors
thereby to provide for automatically main-
taining a predetermined load ratio’ between

the motors and a predetermined speed ratio

g Letween the rolls.

60

'18. In combination, a - plurality of roll
members, a motor for actuating each roll, a
source- of power for the motors, means for
manually controlling one component of ex-

citation of the motors, a plurality of exciters.

associated with each motor, said exciters hav-
ino field windings connected in series-cireuit
relation with the armatures of their respec-
tive motors, means for driving the exciters

ponent of the
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at o substantially constant speed, and means

for rendering the exciters aszociated with
each totor effective to automatically control
another component of excitation of the mo-
tors thereby to maintain a predetermined
speed ratio between the rolls. )
"19. In combination, a pair of cooperating
roll members, a motor for actuating each roll
member, each of said motors being provided

with a separately-excited main field winding

and cumulative and differential compound-
ing field windings, a’source of power for the
motors, means for controlling the excitation
of the main field windings, means for con-
necting one of the compounding field wind-
ings of each motor in series circuit relation
with the armature of the other motor, and
means associated with each motor disposed to
develop a voltage proportional to the load
current of their respective motors for con-
trolling the excitation of the other com-
pounding field windings.

90. In combination, a pair of cooperating

roll members, a motor for actuating each roll

member, each of said motors being provided
with a separately-excited main fleld winding
and cumulative and differential compound-
ing field windings, a source of power for the
motors, means for controlling the excitation
of the main field windings, means for ren-
dering the excitation of one compounding
field winding of each motor dependent upon
the load of the other motor, and & separately-
driven exciter associated with each motor dis-
posed to control the excitation of the other
compounding field windings of their respec-
tive motors, said exciters having fleld wind-
ings disposed to be energized in accordance
with the load. currents of their respective
motoTs. ; .

91. In combination, a plurality of-coop-
erating roll members, a plurality of motors
having main, cumulative compounding and
differential compounding fleld windings for
individually actuating the Toll members and
dividing the total load in 2 predetermined
ratio, a- source of power for the motors,

manually-operable means for controiling the

excitation-of the main field windings to con-

trol one component of the excitation of the

motors, means associated with each motor
disposed to develop voltages ‘proportional to
the load currents of the motors for control-
ling the excitation of the compounding field
windings to automatically vary ancther com-
xeitation of the motors to ef-
fect relative variations of the total excitation

‘of the motors proportional to the degree of

departure from a predetermined load ratio
thereby to maintain predetermined speed and
load ratios.- S '
In testimony whereof, I have hereunto
subseribed my name

1929. :
N HAROLD E. STOKES.

this 14th day: of June
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