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7o all whom it may concern ;

"Be it known- that I, Reusex 1. WrieHT,

_a citizen of the United States, residing at

10

15

Wickliffe-on-the-Lake, in the -county. of
Cuyahoga and State of Ohio, have invented
new and useful. Improvements in Motor-
Control Systems, of which the following is

. & specification. .
his invention relates to motor control.

systems, and particularly to motor control
systems in which two or more motors are
‘mechanically connected to the same load.

< When two or more motors (particularly
. series motors) which are mechanically con-

nected to the same load and electrically con-
nected in parallel are quickly reversed by
reversing their line connections -while the

" motors are running, or stopped by dynamic

- 20

braking, it frequently occurs that large,
dangerous or destructive circulating cur-
rents set up in the local circuits'of the asso-
ciated motors.

" able electro-magnetic and the physical in-
. equalities of the several motors employed,
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and various attempts have been made to
overcome the undesirable effects of these in-
equalities by specially designing the motor
control systems. ‘ '

Heretofore, -control systems designed to’
obviate these circulating currents which oc-

cur on rapid reversal or dynamic braking
have introduced other disadvantages. For
instance, one type of such system, using se-
ries motors, segregates the fields of the mo-
tors from their parallel connected ‘arma-

tures; this type effectually eradicates or sat- -

isfactorily reduces the circulating current,
but tends to unbalance the field excitations
and hence’ to unequalize the motor load.
The obvious system is to equip each motor
with anentirely separate controller, but
this introduces prohibitive cost, complexity,

inconvenience, and uncodrdinated operation -

of the several motors. L

-In my improved motor control system;

. the advantages of using a separate control-

‘attending _
-To eradicate the local circulating currents

ler for each motor are obtained without the
disadvantages above mentioned.

—50_both upon rapid reversal and upon dynamic

‘braking, T divide up the resista:ce of the
accelerating rheostat among the motors and

| . connect it to them in such manner th’a*t, if

" and for dynamic braking. -

This is due to the unavoid--

the _circuiating current tends to set “up, it
“will be limited by the resistance to a safe
amount. . In each motor, of which any num-

ber may be employed, I directly associate
the armature with its own field; thus giving
the best possible load balance. T'86 arrange
the accelerating switéhés in the system that
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the divided rheostat résistance of all the

motors is controlled by.a single set of

switches; and the .same resistance and

switches may be used both for accelerating

In the drawings, Figulle;.l’fs‘hbws‘a motor
control. systeri ¢émbodying my .invention
when " applied to three series. motors ar-

ranged to be accelerated in one direction,

rapidly reversed and accelerated in the
other -direction. . Fig. 2 is a simplified dia-
gram showing a form of my invention simi-

lar to Fig. 1; Fig. 3, a diagram also in sim-
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plified form, but showing my invention ap- '

plied to three series motors arranged to be
accelerated and then
braking; Fig. 4, a simplified diagram simi-
lar to Fig. 8, but employing only two banks
of resistance; Fig. 5, a simplified diagram
showing four reversing motors with dy-

namic braking connections for two of them;

and Fig. 6, a diagram similar to Fig. 5, but
employing only three banks of resistance.
Referring to Fig. 1, T have shown at A?,

‘A2, A® the motor armatures, at F?, F?, F*

their series fields. The armatures A?, A?,
A® are mechanically connected to the same
load, as indicated in the diagram. R?* to R®

75

stopped by dynamic

80
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inclusive are sections of starting resistance.

SF, SF1, SR, SR* are shunt wound revers-

_ing switches, the switches SF and SF?* clos-

ing together to give currént to the motor
armatures in' one direction. to drive them
forward, and the switches SR, SR closin

together after the switches SF and SF*
have been opened to give current to the mo-
tor armatures in the reverse direction to

the
sections of resistance R* to R® to accelerate
the motors. ' I is a shunt wound main line
switch. At M is shown a master controller,
{)referabl'y manually oggrated. ‘By manipu-
ating the master arm M! of the master con-
troller, the various operations of the system
may be controlled at will.
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‘drive them backward. St, 8%, S® are shunt :
.wound contactors - for short-circuitin

100
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The ¢ loék-open ” kre'la'ys 1L'01f, ﬁO’, : LO*

' -are series wound, thet is, their windings are

energized by motor current. Each of these

P4
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switches has the peculiar characteristic of

-remaining in its normal, or open, position

when the current in its windin is above a
predetermined value, and of closing when
the current is below, or is lowered to a

" point below, the predetermined value. An

-10.
- may be.used, but I prefer to use that form
-shown in - Canfield’s application, Serial

15

suitable’ form of such “lock-open” switch

Number- 583,000, filed September 21, 1910,
or in patent to ji]astwood, No. 1,040,292, of
October 8, 1912. - ' A '
The operation of. » v
in Fig. 1 will now be explained in detail.

-closing the contactor St

to close, and it c_lbses. I now the master

arm be moved te the position f2, the control -
- current will flow from the negative supply

wire 1’on the master controller, through the -
master arm, the contact 28, the wire 29, the
contacts of the relay LO*, the wire 30, the

70

coil 52 of the -contactor S7, and the wire 31 .
to the positive supply wire 5, energizing and -

When the con-
tactor $* closes, it short-circuits on its con-
tacts the resistance sections R?, Rz, R®, that

18, one section in the c1rcu1tf.of_ each motor.

"The short-circuiting of the ‘section Rt causes

my invention as shown

- With the master handle M!.in the position

20

25

- the coil 4 of the line switch L, to the posi-.
‘tive supply wire 5, closing the switch L.
Current also flows from the negative on the-

30

-shown, all the switches are in their normal,

or open, positions show, their windings be-

'ing deénergized.” To start and accelerate the

motors in the forward direction, the master
arm is moved to the position 7%, Control
current then flows from the negative supply
wire 1-on the master controller, throtigh the
master arm, the contact 2, the wire 3, and

master controller to the contact 6, and

the current in the wire 26 to flow through
the coil of the relay LO, the wire 32, the

75

80

contacts of the contactor S, the wire 33, the . -

coil of the relay LO% and the resistance sec-

tions R*, R” to the negative main-27. The

peak of current resulting from the short-
circuiting of the resistance section R? is suf-

“ficient to lack open the relay LO? When

the current falls to the value for which the
relay LO? is set to close, it closes, and, if
the mastér arm be now moved to the posi-
tion: /%, current will flow from the negative

85 -

90

on the master controller through the master

arm, the contact 34, the wire 35, the contacts -
of the relay LO?, the wire 36, the coil 53 of

3

‘the contactor 82, and the wire 31 to the posi- -

thence by the wire 7, and the coils 8'and 9

- _positive ‘supply main 10, energizing -and
" . closing the forward reversing switches. -

- 85

When the switches: L, SF,.and SF* have.

~ closed, main current flows from the positive
supply main 10 to the point 11, where it di-.

S 40

vides, taking three separate paths, by way
-of the wires 12, 18, and 14, the contacts of
the switch SF, and the wires 15, 16, and 17,
to the motor afmatures A%, 'A% ‘A®, respec-

. tively, and thence by the wires 18, 19, and
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- the-current

-main 27. .

-"."20, the contacts: of the switch SFY and the

wires 21, 22, 23 to the'fields Fi, F2, B3,

From the field F* the current flows by the
- wire 24, the resistance sections R?, RS, and .
" R%-and the contacts of the switch L to the
“negative .sup&)ly main 273 from the field F2

flows by the wire 25, the resist-

~of the forward switches SF and SF, to the

tive wire 5.~ The current in this circuit en-
ergizes and closes the contactor S?, and, as
in'the case of the contactor S?, short-circuits

95

-a section of resistance in each motor circuit, = .

s

- LO? is set, it closes, and,

tive wire 5, closing the contactor S* and

N

ance sections R?, R, Ré, and the contacts of -

the switch L to the negative; and from the
field F* the current flows by the wire 26, the

coil of the lock-open relay LO?, the resist--

ance ‘sections R, R4 and R, and the con-
tacts of the switch. L

" The motors are thus ener zéd;.thei armia-

to the negative supply

namely, the resistance sections R*, RS, RS,
and brings into the circuit the winding of

it
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the relay LO?, which is locked open by the "

rush of current due to the cutting out of the’

resistance section R*, R%, R, ‘When the cur-

rent falls to the value for which the relay’
» ‘ if the master arm
be moved to the position f4, the current will

105 -

flow from the contact 37, the wire ‘38, the o
contacts of the relay LO?®, the wire 39, and -
- the coil 54 of the contactor S* to the posi-

short-circuiting the resistance sections R7,
R®, R®. - The resistance is now all cut out,
and the
ward direction. ' S 7

By ‘moving the 'master arm point by

‘point, as above' described, the time of the
- closure of the contactors S, 82, S* may bé
‘delayed at- will.: By moving the master arm

‘at once to the full-on position £+, the con-
tactors 5%, .82, 82 will close in succession,
-under the automatic current-limit control of

motors run at full speed in‘ the for- " -

110
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“the lock-open . relays ‘LO*, LO?, LO3 and =~ "

ture and the series field of each ‘being in -
series with three sections of starting resist-"°

ance across the supply mains. - The current

‘which first-flows

ture ‘A%, the field F*, the wire 26, and ‘the

through the motor arma--

* toward the off position, any one or all of

automatically bring the motors up to speed.
By moving  the -master arm backward
the'

‘contactors S° 82, S**may be opened, rein-

' coil of the relay LO* locks that relay open. .

As the motor accelerates, the current falls -

to the value,foi_t which the relay L.O" is set,

serting the
speed -of the motors, . A :
~_With the motors running in the forward
direction, as above described, if it be de--

126

resistance sections to ‘reduce the - s

130 :
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sired quickly to _reverséithéir +direction, the
master arm is first moved to the off pesi-
tion shown in the drawing, whereupon all

.of the shunt-wound switches and contactors
open, deénergizing the motors and opening

the lock-open  relays. The master arm is
then moved. into' the position f°. Control
current will now flow from the negative
wire 1 on the master controller, through the
master arm, the contact 40, the wires 45 and
3, and the coil 4 of the switch 1. to the-posi-

" tive supply wire 5, closing the switch 1, as

before... Current will also flow through the

master arm, the contact 41, the wire 46, and -
the coils 47 and 48 of the backward revers-.

ing switches SR and SR? to the positive
supply main 10, -closing the reversing
switches SR and SR M%tor current will
now flow to-the motors from the positive
supply main 10, dividing into three paths
at 11 and flowing by way of the wires. 49,

- 50, 51, the contacts of the reyersing switch
- SR, the wires 18, 19, 20, the motor arma-

tures A?, A% A3 the wires 15, 16, 17, the con-
tacts ‘of the switch SR, the wires 21, 22, 23,
the series fields F*, 2, F3, the wires 24, 25,
and 26, the coil of the lock-open relay LO?,

“the resistance sections R* to R and the con-
tacts of the switch L to the negative sup-

ply main 27.. The current” flows through
the fields in the same direction as before,
but in the reverse direction through the ar-
matures. The armatures, therefore, slow
down in the forward direction and stop
and then begin to rotate in the reverse direc-
tion. During this reversal, there is a tend-

-ency for local current to flow from one mo-

tor to another, but in my improved control
system herein described, by the placing of a
portion of the starting resistance directly in
series with each of the motors, this circu-

" lating current, if it tends to flow, will be re-

45
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duced to a safe ‘amount by the resistance,

for example, the path of such a circulating

current between the armatures A! and A2

‘would be from the armature A? through the

wire 19, the middle contacts of the switch
SR, the wires 50-and 49, the lower contacts
of the switch SR, the armature A!, the
wire 15, the lower contacts of the switch SR,
the wire 21, the field F*, the wire 24, the re-
sistance sections R3, Re, R, the lower con-

tacts of the switch L, the wire 27, the mid--

dle contacts of the switch L, the resistance
sections R®, R®, R2?, the wire 25, the field F?
the wire 22, the middle: contacts ‘of the
switch SR, and the wire 16 back to the ar-
mature A2y but this circulating ' current
would be reduced to a safe amount by the
resistances R3,-R¢ R?, Rs, R*, R? in series.
Circulating cuarrents between any other two

of the motors would likewise be made safe.

65

‘When the motors have come to rest and

have started to rotate in the opposite, or

backward, direction, the accelerating con-

"tions and ‘accelerate the motors.

tactors S1; 82, 83, close automaticaily in suc-.

\

cession, upon the automatic closure of the -

lock-open relays LO, LO?, LO% or, close

successively upon the movement of the mas-

ter arm successively into positions f°, 77, %
It will be noted that one set of accelerat-
ing contactors, S, 8%, S? is employed to con-

trol simultaneously resistance sections for
‘all 6f the motors; that the armature and se-

ries field of each individual motor are in

_pure-series relation with each other, so that

each motor is properly energized to take its
share of the load; and that, as above point-
ed out, local circulating currents are ren-
dered safe. - o o - ’
The operation of my invention shown in -
Fig. 1, is more simply shown in connection
with the simplified diagram shown by Fig.-
2. The line switch L is shown in three
parts; similarly, the accelerating contactors’
S, 8%, S® are each shown in three parts. A
reversing switch R and a reversing switch
RR, each in three parts, has two positions,

-one shown .in solid lines and the other in

dotted lines, for forward and for backward
running, It is understood that all the
switch elements having the same reference
characters are parts of one switch.and oc-
cupy the same positions at the same time.
To start the motors in the forward direc-
tion, the. switches R° and RR are first
moved to the solid line positions, and then
the switches I. are closed. Current then

flows from the positive main 10 to the nefai
le

tive main 27 through three similar para
circuits, each containing an -armature, a

field, and three resistance sections in series. -

The contactors S',.52, S3 are then succes-
sively. closed to cut out the resistance sec-
To stop
and reverse. the motors, all the switches are

first opened, and then the switches R and

70
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RR are moved to their dotted line positions .~

and the switches L are closed. The circuits
thus established are the same as before, ex-

110

cept that the current flows in the opposite .
direction through the armatures A2, A2, A3’

These changes of the switches stop the mo-
tors and start them in the opposite direc-
tion. The contactors S*, 52 §3 are again
successively closed to accelérate the motors.

115

If desired the switchés L/may be omitted. .

In this case, the motor current being inter-

‘rupted by opening the reversing switches

R and RR, the resistance sections R7, RS,
and R® would be connected directly to the
negative main 27. - ‘ ‘

120

In the simplified diagram shown i,n'»'Fig.
3, I have illustrated, my invention applied -

to the purpose of preventing circulating

currents between any .two hoisting motors
when they are stopped by dynamic' brak-
ing. The motors are electrically driven

“wh.le hoisting a load, but during a leyering

opera_tion ‘the-~motor is »mechanically' re-

125

180




-

- versed by’t'hé'lo,a’d. ‘Asin Fig. 2;"@11 switch

elements bearing the same reference char-

-‘acters are parts of one switch and occupy

.10

the same positions at the same time. To

start and accelerate the motors, the switches .
B and the contactors 8!, S2; and S3‘are

opened,: and the switches L and L' are
closed. - Motor current then flows from. the

positive, main 10 to the negative main 27 .

through three similar parallel circuits, each
¢ontaining a motor -armature, a series field,

“.and three sections of resistance in series.

. 15

20

- braking circuit consisting of an armature,
its serles field, and three sections of resist- .

25

The contactors S%; S2, S* are then succes-
sively closed to short-circuit the resistance
sections, Whereb% the motors are brought up
to full speed.

namic braking- during the lowering of the
load, the switches L, L, the contactors S,
S2, 83 are first opened and then the switches
B are closed. ' This gives a dynamic brak-
ing circuit for each motor electrically iso-
lated from.that of each  other motor, each

ance in series. The braking current of the
armature A% for example, flows from the
armature- A% through the series field F?,

- and the.resistance sections R*, R*, R7, the

.30
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' the negative main 27.

" wire 50, and the switch B back to the
-motor armature A3, The dynamic braking-

circuit for each of the other two motors is
similar. As the motors slow down, the cor-
tactors S*; 82, 8% are closed successively, cut-
ting out the resistance sections to maintain
the braking effect. When the motors have
finally stopped, they may bé started again
by opening thie contactors St, S2, S8 to rein-

sert the starting resistance, and opening the -

switches B and closing the switches L and
It - If desired the switches L may be
omitted, the current supply being broken on
the switches L, and the resistance sections
R7 R®, and R? bein’g connected-

In the form of my invention shown on

Fig. 4, three hoisting motors and two banks -

of “resistance  sections are employed, one
bank ‘consisting of the sections R*, R? RS,
and:the other of the sections R?, R+, R, - All

“three of the mechanically connected motors

are energized. for acceleration, but only two

o are used for dynamic braking. All switches

55
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bearing .the same reference characters are
parts-of the same switch, and occupy.the

.same positions at the same time. To start

the motors, the contacts-S*; S%, S* and B
are opened and the switches L- and L* are
closed: ~Current then flows from the posi-

tive main 10 to the negative main 27

through: the three motors and their fields in

- ‘parallel; and then through ‘the two resist-
. .ance ,banks ‘in_parallel. - The accelerating

contactors S, 82, S* are closed successively,

- -cutting out the resistance sections, whereby

o stop the motors by dy-

directly to

14,861

the .motors are brought up to full speed.
Each contactor cuts out two sections simul-
" taneously; for example, the contactor S*

65

-cuts out the sections R* and R2. To stop the -

_the contactors 81, S2, 8% are opened, and the
switches B are closed. This. segregates the
middle motor and its field from the other

‘motors, each of which has an isolated dy--

“namic braking circuit comprising its arma-

_ture, its: series field, and one of the resist- -

motors by dynamic braking during the low--
ering of the load, the switches L.and L1,

70

75

ance banks in series therewith. The con-

- tactors are closed successively to cut out the
- resistance and maintain the braking effect.

The switches K may be employed, and when
‘open-will segregate the middle motor from

80,

the others, for dynamic braking, in which-
. case the switches L may be omitted, and the -

~resistance: sections: R® and.R® connected di-
- rectly to the negative main 27.- In both
Fig: 8 and Fig. 4 dynamic braking current
is produced.by the load ‘overhauling the

.ing, and reversing .switches being unneces-
sary. ' ] '

85

motors, current passing through the arma- -
- “ture in the same direction as during hoist-

90"

n the form of my invention 'svhownv'.i,n
Fig. 5, four- motors with‘reversing connec- -
tions are employed with a bank of resist-

“ance for each motor, and with dynamic 95

braking connections -for two motors. To. .
start the motors, the switches B and the con- -
“tactors ‘S, 52, 8% are opened ~and the: -

switches L are closed, and the reversing

switches R and RR. are closed to the solid

-line positions, for example. As the motors

sively to.cut out the resistance sections to
" bring the motors up to speed, each’contac-
tor .cutting out four sections of resistance
_ simultaneously, one from each bank; as, for
example, the contactor S* cuts out.the sec-

100

start, the contactors S, 82, 8% close succes: - -

105

tions R*, R?, R3, and R4 To reverse the

motors, the contactors S?, S%, S are opened,

and the switches R and RR are moved to:

110

" the dotted-line positions, the motor arma- -

tures then receiving current in the opposite

‘direction, which stops them and then starts-
. them in the other. direction.

The contac-
tors 8%, 8%, S% are then closed successively
“to accelerate the motors in the other direc-

. ‘tion. To stop the motors by dynamic brak-
ing, the switches I+ and the contactors S,
S2, and S* are opened, and: the switches B
are closed and the switches R and RR are
thrown to :the reverse or dotted-line posi-

tion, thus giving for each of the two out-:

‘side ‘motors _an isolated dynamic braking
circuit including an armature, a series fiéld,

and a resistance bank in series therewith.

115,

120

1256

- The contactors are then closed successively

~to cut out the resistance to
braking effect. = - ro

maintain the.
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In- the form of my invention shown in
¥ig. 6, four motors with reversing connec-
tions are employed, with three Danks of

resistance and dynamic braking connections

for two of the motors. The operation is as
follows: To start the motors in one direc-
tion, the switches B and the contacts St, 82,
S* are opened, and the switches L and L1
are closed, and the reversing switches R and
RR are closed in the solid-line positions, for
example. The current to the motor arma-
ture A* flows through the armature, the se-
ries field I* and the resistance sections R3,
RS, R® in series therewith. the switches N
and N7 being closed. The motors having
armaturves A, A%, A4, and the series fields
I 15 B4 are in parallel, and the current
flowing through them divides between two
resistance banks consisting respectively of
the resistance sections R!, R4, R7,
R* R*. When the motors ‘start, the con-
tacts 5', 8%, 5 are closed successively to
accelerate the motors. To stop the. motors
and start them in the other direction, the re-
versing switches are moved to the dotted-
line positions, giving current in the opposite
direction to the motor armatures. The con-
tactors N', 82\ 82 are then closed succes-
sively to accelerate the motors in the other

direction. To stop the motors by dynamic :

braking, the switches L1, or Lt and T, and
the switches N and N’ are opened, and the
switches B are closed, and the reversing
switches R and RR are thrown to the reverse
or dotted-line position, thus giving for each
of the two outside motors an isolated- dy-
namic braking circuit including an arma-

“ture, a series field, and a resistance bank in

series therewith. The contactors are then
closed successively to cut out the resistance
to maintain the braking effect. Tf desired,
the switches I may be omitted; or by em-

Pploying the two switches N and N’ and the

switches I, the switches I.' may be omitted.
When the switches L' are omitted, the re-
versing switches RR are connected directly
to the positive main 10, and when' the
switches T, are-omitted the resistance see-
tions R7, R*, R" are connected directly to the
negative main 27, .

In these diagrams it will be seen that one

“set of contactors S, 82, 8% controls the start-

ing and braking resistances for all of the

motors;. that the armature and series field

of ‘each individual motor are in series rela-

~ tion in each motor to properly distribute the

load; that the dynamic braking circuit for

o

and Rz,

each motor is segregated electrically from.

those of the others, so that local circulating

currents which otherwise would tend to oc-

cur when the dynamic braking circuits are

~ established, are entirely obviated; that dur-

ing the period of stopping and reversing the

motors, local circulating currents between

relays

> ]

uny two motors flow through two banks of
resistance sections in series, and are thus
reduced to a safe amount; and that a com-
plete rheostat for each motor is not essential

“since, as shown, there may be fewer rheo-

stats than motors,

‘While I have shown. the systems of Figs.
3,4, 5, and 6 in simplified form only, it will
be apparent that the detail features of the

system shown in Fi%. 1 may be applied to’
oL

these systems.  As for example, lock-open
may be employed to actuate the con-
tactors 8!, 8% 8* hoth during the accelera-
tion of the motor and (lu,ring the dynamic
braking of the motor. It will also be ap-
parent that in any of the systems shown, the
lock-open relays may be dispensed with and

the switches S, 82, S3.controlled only by

the contact points,
master M. My i
application to the ‘systems of. connections
illustrated, since other arrangements, modi-
fications, and combinations of the various

such as 72, % f4 on the

essential features of my invention may be:
made without departing from its spirit.

T claim: v .

1. In a motor control system, enrrent sup-
ply mains, a plurality of motors ar Panged
in parallel and having their rotary elements
mechanically connected so as to rotate to-
gether, means connecting the field and arma-
ture of each motor in series for each diree-
tion of rotation of the motor, a plurality of
banks of resistance sections for the motors,

means for establishing dynamic braking eir- -

cuits for some of the motors, a switch for
cutting out simultaneously a resistance sec-
tion from each bank to start the motors and
means for causing the said switeh to eut out
simultaneously a resistance scction’ from
each bank in each dynamic braking cirettit,
each resistance bank being connected across
the supply mains and in series with some of
the motors. S -

2. In a motor control system, current sup-
ply mains, a plurality of motors ar anged
n parallel and having their rotary elements
mechanieally connected so as to rotate to-
gether, reversing switches arranged to con-
nect the armature and field of each motor
in series for each direction of rotation of the
motor, a plurality of banks of starting re-
sistance sections, each section being con-
nected across the supply mains and in series

with some of the motors, and means where- -

by, upon the operation of the reversing
switches to reverse the motors, the only elec-
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trical path from one-motor to another will -

be in series with two banks of resistance
sections. _

3. In a motor control system, current sup-
ply mains, a plurality of series motors ar-
ranged in- parallel and having their rotary
elements mechanically connected so as to ro-
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‘tate together, reversirig switches arranged

to connect the armature and field of each
motor in series for each direction of rota-
tion of the motor, a plurality of banks of
starting resistance sections, each scction be-
ing connected across the supply mains and
in series with some of the motors,-an ac-
celerating switch for cutting out simulta-
neously a resistance section from each bank

to start the motors, means for opening the-

accelerating switch- to' reinsert the starting
resistance sections before the reversing
switches may be operated to reverse the
motors, and means whereby, upon the op-
eration of the reversing switches to re-
verse the motors, the only electrical path
from one motor to another will be in series
with two banks of resistance sections. .

4, In amnotor control system, current sup-
ply mains, a plurality of series motors ar-
ranged in parallel and having their rotary
elements mechanically connected so as to
rotate together, reversing - switches ar-

ranged to connect the armature and field of |

each motor in series for each direction of

“rotation. of the motor, a plurality of banks

of starting resistance sections, each section
being connected across the supply mains and

" in series with some of the motors, a dynamic
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braking circuit for one of the motors in-

14,861

braking, and means ‘whereby, when the dy-

namic braking circuit for 'said motor is

55

closed, the current flowing in said motor is - -

prevented from flowing In another motor.

6. In a “motor control system, current
supply mains, a plurality of series motors
arranged in parallel and having their ro-
tary elements mechanically connected so as
to .rotate together, reversing switches ar-
ranged to connect the armature and field
of each motor in series for each direction of
rotation of the motor, a plurality of banks
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of starting resistance sections, each section

being connected across the supply mains and
in series with some of the motors, a dynamic
braking circuit for one of the motors. in-
cluding one of the banks of resistance sec-
tions, and means whereby, when the revers-
ing switches operate .to reverse the motors,
or when. the dynamic braking circuit is
closed, current above a safe value is pre-
vented from flowing from any motor to any

_other motor.. -

7. In a motor control system, current sup-
ply mains, a plurality of series motors ar-
ranged in parallel and havihg their rotary

‘elements mechanically -connected so as to

cluding one of the banks of resistance sec- -

tions, and means whereby, when the dy-
namic braking - circuit for said motor is
closed, the current flowing in said motor is
prevented from flowing in another motor,

5. In a motor control system, current sup-
ply mains, a plurality of series motors ar-

‘ranged in parallel and having their rotary

elements mechanically connected so as to
rotate together, reversing switches arranged
to connect the armature and field of each

. motor . in series for each direction of rota-
- tion of the motor, a plurality of banks of
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‘'starting resistance sections, each section be-

ing ‘connected across the supply mains and
in series with some of the motors, a dy-
namic braking circuit for one of the motors
including one of the banks of resistance sec-

tions, means for establishing: said dynamic -
braking circuit, a switch for cutting out si-

- multaneously -a resistance section from each

~banks to stop-one of the motors by dynamic. . .

quently cutting out a section from one of the

rotate together, reversing switches arranged
to connect the armature’and field of each
motor in series for edch direction of rota-
tion of the motor, a plurality of banks of
starting resistance sections, each section be-
ing connected across:the supply mains and

-in series ‘with some of the motors, a dynamic

braking circuit for|one of the motors in-
cluding one of the banks of resistance sec-

" ‘tioms, & switch for cutting out simultaneously

a res:stance section from each bank to'start
the motors.and for subsequently cuttinig out
a section from one of the banks to stop one
of the motors by dynamic braking, means
for operning the accelerating switch to rein-
sert the starting resistance, sections. before
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the reversing switches may be operated to -
reverse the motors and before the dynamic.

braking circuit may be closed, and means
whereby, when the reversing switches oper-

_ate to reverse the motors, or the dynamic

braking circuit -is’ closed, current above a

safe value is prevented from flowing from'
) v . ang motor: to any other motor.
_'bhank ‘to start the motors- and for subse- i

Lfned at Cleveland, Ohio, this 30th day
of March, A. D. 1920.° .. - .
" 7 REUBEN 1. WRIGHT,
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