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To all whom it may concern: -
Be it known that I, Wirriam C. O’BRrien,
a citizen of the United States, residing at
Baltimore, in the State of Maryland, have
invented certain new and useful Improve-
ments i Starters for Electric Motors, of

‘which the following is a ‘specification.
This invention relates to Improvements |

In automatic starters for electric motors, of
the kind shown in my copending applica-
tion, Serial No. 333,987, filed September 10,

ing resistance is regulated by the quantity

~of current flowing in the armature circuit.

In the accompanying drawing, Figure 1

is a side elevation, partly in section of. a

‘starter suttable for cutting out a single step
or section of resistance from the armature |

circuit, the solenoids of the

starter being
connected in series, and the

parts belng

shown in their normal ‘positions; Fig. 2 is a

similar view, showing the positions of the
parts at the time the. line switch is first
closed and before the current in the arma-
ture circuit has fallen to a predetermined
quantity; Fig. 3 is a view of & similar
starter, with the parts in normal positions,
the coils of the hoIl)ding solenoids being con-
nected in shunt to the terminals of the line
switch, and the coils of the regulating solen-

oid being connected in series with the start-

ing resistance and armature, and Fig. 4 is a
similar view, of the starter shown in Fig. 3,
with the line switch closed and the regulat-
ing solenoid and starting resistance cut out.

- Referring to Figs. 1 and 2 of the drawing,
indicate the terminals of the line or
supply circuit and S indicates the line
switch_for connecting the motor M to the

40 line through the motor starter A. The ar-

45

- ture ¢ and thence by conductor 11 to the

1

11,

09

mature circuit of the motor extends from
the line switch. terminal 1 through condue-
tor 2, solenoid coils 3, conductor 4, solenoid
cois 5, conductor 6, starting resistance 7,
conductor 8, stationary contact 9, thence
by conductor.10 to the brush of the arma-

line switch terminal 12. " The motor shown
in the drawing is a shunt wound motor and
its field f is connected to the switch termi-
nals 1 and 12 through conductors 2, 22 and
The coils 3 and 5 of solenoids B and
C, respectively, are of low resistance and
adapted to carry the entire armature cur-
rent and the solenoids are vertically ar-

17. A switch arm 18, rigidly

lever.

e ]

| ranged, parallel with one another, between
a suttable supporting -

cross bars 13 and 14 of
frame. D. An
lower cross bar
tween the solenoids, and the lever 16 is cen-
trally supported on this arm by a pivot pin

arm 15 depends from the

Into and out of engagement with the fixed
contact plece 9, according to the direction
in which the lever 16 is rocked.- - The switch
arm 1S connected to the conductor 4, be-

_ . connected
with the lever 16, is adapted to be moved

of the frame, midway be-
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tween the coils of the solenoids by a branch

by the switch arm 18 and the stationar

the conductor 19, switch arm and contact
piece form a shunt circuit
oid C and the resistance 7. - |

The lever 16 supports at its ends the cores
of the solenoids B and C and the switch s is
held normally open by the core 20 of the

solenoid B which is heavier than the core 21

of the solenoid C. The core 20, made of

solid 1ron or steel, is not attached to the le- .

ver 16 but merely rests upon one end of it, so
that the core can move without moving the
The core 21 as shown in the draw-
ing, is of the same external dimensions as
the core 20, but it is made of tubular iron
or steel so as to be lighter than the core 20,
and at 1ts lower end the core 21 is connected
to the lever 16 by a pin 22 extending
through the core and through a slot 23 in
the lever, so that the core and the lever will
necessarily move together.

. The operation of the starter shown in Fig.
1 18 as follows: As long as the line switch S
remams in the open position, as shown in
said figure, the parts of the starter remain
in the positions s’Il)mwn. ~ As soon as the line
switch is closed, current passes through both
solenoids, the starting resistance and the
motor. The solenoid core 20 is instantly

drawn up, as shown in Iig. 2, against a mag-

around the solen- .

| conductor 19: When the switch s, formed

) . oL Y1
contact piece 9 is closed, it will be noted that - -
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net core 24, arranged in the upper end of the
cotl 3 and energized thereby. When the

core 20 1s hifted from the lever 16 tLe core 21
of the solenoid C is left without mechanical
support, as shown in Fig. 2, and'is free to
move downward, but the windings of the 1at.

10¢

ter solenoid are so iproportioned that its core -

will be held up as long as the current in the
armature circuit is above the normal hll]

| load current of the armature, or any prede- 11,
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termined quantity. The switch s, will thus
be held open, and the resistance 7 main-
tained in the armature circuit after the line
switeh is closed, until the current flowing in
the armature circuit is reduced to a prede-
termined safe quantity, by the rotation of
the armature, when the core 21 will drop and
move the lever 16 and the switch arm 18 to
close the switch s. The armature current
will then flow from the terminal 1, around
the coils of solenoid B and thence through
conductor 19 and switch s to the armature,
thus short circuiting the coils ‘of solenoid C
and the starting resistance 7, The core 20
will remain up and the core 21 will remain
down as long as the motor runs under nor-

- mal conditions; but when the line switch is

20

opencl, or the voltage on the line is abnor-
mally lowered, the solenoid B will be de-
energized or weakened and the core 20 will

~drop onto the lever and thus force the lever,
switch arm and core 21 back into their nor-

mal-positions, so that the switch s will be in

N open position and the resistance 7 and cols ot

26
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solenoid C will be in circuit with the armature.

. When the motor starts with a load the cur-
rent in the armafure circuit will always be

sufficient to raise the core of the holding

solenold when the line switch 1s first closed,

and after said core has moved into engage-

- ment with the magnet core 24, it will be sup-

- ported by the core 24 if only a small quantity

85

of current flows through the armature cir-
cuit thereaiter. - ,

When the motor starts ﬁithoﬁf load, 1t

may be desirable, in order to insure the up-

- ward movement of the core of the holding

40

_solenoid, to connect the coils of the latter in

shunt to the line switch terminals, instead
of 1n series with the motor armature. This
is shown in Figs. 3 and 4. In these figures of
the drawing, the wire 2, leading from the

switch terminal 1 is grounded at 26 on the

frame D. YTrom the frame a wire 27 leads
fo one end of the coils 32 of the holding solen-

.other end of the solenoid colls to the opf)osite

50

 positions.

coré 20 yjumps up, regardless of the quantity |.

. of current inge 1
60

switch terminal 12.  The regulating solenoid
coil is connecled in series with the starting
resistance and armature, the coil being con-
nected at one end.to the conductor 6, and at
the other end, by a conductor 29 to the
frame of the starter, which is electrically

‘connected to the line terminal 1 by the con-
 duetor2., e

In Fig, 3, the parts are shown in normal

When the switch S is closed, the

owing In the armature circuit;
but the core of the regulating solenoid. re-

Inains in 1ts upper position until the quantity .
of current in the armatyre circuit falls to a

. predetermined . quantity, when -it drops,

re
AT
e

thereby rocking the switth arm 18.to closed
position, &s shown in Fig. 4. - ‘The armature.

1

- sistance  belng  shunted.

- oid B/, and a conductor 28 extends from the |

turned

. 891,721

current then flows from conduector 2 to frame
D, thence through switch arm 18, stationary
switech member 9, and conductor 10 to the
armature, the solenoid C and starting re-
When the line
switch 1s opened, the core of the holding
solenoid drops onto the lever and re-sets the
starter as shown in Fig. 3.

I claim,— S

1. In an automatic starter for electric
motors, a starting resistance 1 the armature
circuit, a regulating.solenoid having wind-
ings in said circuit, a switch for cutting out
sald resistance and windings, said switch

comprising a lever having one arm connecbed

to the core of the regulating solenoid, and a
holding solenoid having its core adapted to
rest upon the opposite arm of the lever and
to support the core of the regulating solenoid
within its coils and the switch m open posi-
tion, said holding solenoid being arranged to
lift its core and release the lever when the

current 1s turned on.

2. In an automatic starter for electric
motors, a starting resistance in the armature
circuit, a regulating solenoid having its wind-
ings 1n saig circuit, a switch for short-cir-

cuiting said windings and resistance, said

switch comprising a lever having one -arm
pivotally connected to the core of sald solen-
oid and movable by the weight of said core
to close the switch when the core is released
from its coils, a holding solenoid having a

’| heavier core than the core of said regulating
 solenoid said heavy core being adapted to

rest loosely upon the opposite 'arm of said
lever and thereby hold the switch in open po-

sition and the core of the regulating solenoid

in an upper position when the current is
oé} and said holding solenoid being

adapted to move its core upwardly from the

lever when the current is turned.on. --

3. In an automatic' starter for electric
motors, a starting resistance in the armature
circuit, a regulating solenoid having its wind-
inigs in said circuit, a switch for cutting out
sald resistance and windings, -said switch
comprising a lever having one arm connected

| to the core of the regulating solenoid, and a

holding solenoid having its windings in the
armature circuit and having its core adapted
to bear upon the opposite arm of the lever
and to support the core of the regulatin
solenoid in an upper position and the switc

in open position, said solenoid being adapted

to lift its core and release the lever when the
current is turned on. ' .

4. In an sutomatic starter 'f(”),r electric

circuit, a regulating solenoid having its wind-

ings in said circuit, a switch for short-circuit-

ing said windings and resistance, said switch
comprising s lever having one arm pivotally
connected to the core of said solenoid and
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motors, a starting resistance in the armature

| movable by the weight of said core to close 130



- the switch when the c¢ore is released from its *;c"cire irom said connections when current is |

~in the armature circuit and having a core |

Bbivei

colls, a holding solenoid having its windings

. heavier than the core of said regulating solen-

i
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20

© ture, and

25

old, said heavier core being adapted to rest
loosely upon the opposite arm of said lever
and thﬁm%y hold the switch in open position
and the core of the regulating solenoid in an

‘upper position when the current is turned oft,

anc said holding solenoid being adapted to

move its core upwardly from the lever when
the current is turned on. . -

5. in an automatic starter for electric
MOvoTs, a starting resistance in the armature

circult, a regulating device having windings

& switch for cutting out said resistance and
windings, said switeh bfe"mhg connected to said
core 80 as to move therewith, an electromag-
netic holding device having a core or arma-
_connections between said cores
whereby the core of ‘the holding device nor-
mally overbalances the core of the regulating
device and holds the switch in o
said holding device beirig arranged to lift its

In said circuit and having a core or armebure, .

pen position,

turned om., _ |
6. In an automatic starter for electric

‘motors, a starting resistance in the armature

circuit, a regulating device having windings
a switch for cutting out said resistance and
windings, said switch being connected to said
core so as to move therewith, & lever pivot-
ally connected to said core, an electromag-
netic holding device having a core or arma-
ture adapted to bear upen said lever-and to
thereby hold the core or armature of the

regulating device inoperative relative to its

colls and the switch in open position, said
holding device being arranged to lift its core
and release the lever when current is turned
On. o

In testimony whereof I affix my signature,
I presence or two withesses.

WILLIAM C. O’BRIEN.

Witnesses:

RoBERT WaATSON,
CLaY JEWELL.
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in sa1d circuit and having a core or armature,
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