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To all whem 4t may concern: - _
Be it known that I, Henry D. JaMes,.
citizen of the United States, and a resident of
Pistsburg, 1o the county of Allegheny and
Btate of Pennsylvania, have invented a new

and useful Improvement in Systems of Elec-

tric-Moter Control, of which the following is
g specification. o _'

My invention relates to controiling means
for electric motors, and has special reference
to systems or devices which are adapted for
A .

starting relatively large motors.
= The object of my invention is to provide

A
L.

means that shall be simple and durable in
¢onstruction and effective In operation fer

gontrolling the starting resistances of rela-
tively large electric motors and for eliminat-
g the possibiity- of injuring the motor
windings by increasing the applied voltage
ico rapidly. | o
For starting relatively large electric mo-
tors, & plurality of switches for gradually re-
Aucing the resistapce in the moter cireuit,
zs they wers successively closed, have sorme-
times been utilized in lieu of the ordinary
forms of starting rheostats usually employed
with motors of the smaller sizes. The sev-
eral switches comprised in a starter of the
aforesaid class have somefimes been me-

> chanically or electrically interlocked m order

{0 prévent the closure of the switches m
gther than a predetermined order, or to au-
rematically interrupt the motor circuit 1n
case the switches were so closed.

According to my present invention, I not

only prevent the closure of the control
switches in other than a predetermined

45

50

order, but also so arrange tne system that it
becomes a physical impossibility for an at-

tendant to decrease the resistance of the mo-
tor cireutt too rapidly by successively closing
the switches regardless of the current flowing
0. the motor eircuit. ;
The single figure of the accompanying

drawing is & diagrammatic view of a system

oft electric motor control arranged in accord-
snce with my mmvention.

Referring to the drawing, electrical energy
may besupplied from any convenient source
through line conductors 1 and 2 to an elec-
tric motor 3 which comprises an armature 4
and o field magnet 5 and which Is provided

i

- tion of the starting resistance ineluded mn the

motor circuit. is. determined by a series of
manually-operated switches 7, 8, 9, 10 and

|11, switches 8, 9; 10 and 11 being provided
with electro-magnetically controlled means

for preventing their closure, which com-
pirises stationary core members 12, 13, 14 and
15, and pivotally mounted pawls 16, 17, 18
and 19. When the switches are open, the
pawls normally oceupy such positions that
closure of the switches 1s prevented, each
pawl being so held by a spring 20 or by
gravity that its outer end engages a projec-

- tion 21 on the corresponding switch. The

cores 12, 13, 14 and 15 are severally pro-
vided with magnet windings 22, 23, 24 and
25 which, when energized, act in opposition
to the springs 20 to release the pawls from
engagement with the projections 21 and con-
sequently permit the manual closure of the
switches. '

- The switches 7, 8, 9 and 10 are provided

with auxiliary contact terminals 26, 27, 28
aind 29, which are adapted to engage station-
arv contact terminals 31, 32, 33 and 34,

when the switches are closed. The switches.

8, 9, 10 and 11 are further provided with
auxiliary contact terminals 36, 37, 38 and 39
which are adapted to engage stationury con-
tact terminals 40, 41, 42 and 43 when the
switches are open. The ends and a plurality
of intermediate points in the starting resist-
ance 6 are connected to stationary switch
contact terminals 44, 43, 46, 47 and 48
which are respectively engaged by the switch
hlades.

The electrical connections between the

several magnet coils are such that the pawls

18, 17, 18 and 19 are successively released as
the switches 7, 8, 9 and 10 are closed, pro-
vided the current in the motor circuit does
not exceed a predetermined amount. In
case such predetermined amount 1s exceeded,
the release action is delayed by a limiting de-
vice 49, - '
The operation of the system i1s as fol-
lows:—HKlectrical energy is supplied, when

the switch 7 is closed, through conductor 1, a

series magnet coil 50 of the limiting device
49, starting resistance 6, switch terminal 44,
and the movable member of switeh 7 to the
armature 4 of the motor 3, {from which point

with & starting resistance 6. The propor- | circuit is completed through the line . con-
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ductor 2. The characteristics of the starting | switches, of electrically. released mechanical |

resistance 6 will, of course,
the size of the motor and the conditions of
load under which it is started and, it the mo-
tor current exceeds a predetermined amount,
the imiting device 49 will be actuated bv the
series coll 50 and will interrupt an auxiliary
As soon as this limiting device is
closed, eircuit is completed from the line con-
dauctor 1, through said device, auxtliary con-
ductor 51, contact terminals 26 and 31, con-
ductor 52, magnet winding 22, contact ter-
minals 40 and 36, and conductor 53 to the oPp-
posite line conductor 2. The magnet wind-
g 22, when energized, actuates the pawl 16
10 opposition to the spring 20, so that the
switch 8 may be closed. When the switeh 8
15 closed the magnet winding 22 will be de-
energized but the switch will then be inde-
pendent of the pawl 16, so that its release at
this pomt will have no eflect.
now be supplied, provided the limiting device
18 closed, through contact terminals 27 and
52, conductor 54, magnet winding 23, con-
tact members 41 and 37, and conductor 53 to
the line conductor 2. The wimding 23, when
energized, actuates tle pawl 17 so that the
switch 9 may be closed. Jn a similar man-
ner, the pawls 18 and 19 may be successively
actuated so that the switches 10 and 11 may

‘be closed,

1t will be observed that the closure of the
switches is coniined to a predetermined se-
quence and that the closure of each switch is
dependent upon the limiting device, so that
the starting resistance cannot be short-cir-
cutted too rapidly. As each of the switches
8, 9 and 10 is closed a greater portion of the
resistance 6 is excluded from the motor CIT-
cutt and, when the switch 11 is closed, the en-
tire resistance is finally short-civeuited.

The motor starter of my present invention
1s equally applicable to alternating and direct
current circuits and for voltage as well as
rheostatic control, and I desire that only such
limitations be imposed as are indicated in the
appended claims.

[ elaim as my invention:

1. A motor-starting device comprising a
series of manually operated switches, elec-
trically released mechanical means for con-
fining their closure to a predetermined se-
quence and electrical means for delaying
their closure. | |

2. A motor-starting device comprising a
series of manually operated independent ac-
celerating switches, electrically released Te-

chanical means for preventing the closure of !
‘the same except in a definite order, and elec-

trical means for delaying the closure of each
until the automatic. fulfilment of predeter-
mined conditions. . |

3. The combination with an electric mo-
tor, a starting resistance therefor, and a plu-
ratity of manually operated accelerating

be determmébd by

Hnergy -will |

means for preventing the closure of the
switches except in a predetermined order,
and electrical means for delaying the closure
of each switch until the motor

‘below a predetermined amount.

4. The combination with an electric mo-
tor, & starting resistance therefor, and g plu-
rality of manually operated independent
switches for bridging sections of the resjst
ance, of electrically released mechanical
means for preventing the closure of the
switches in other than a definite order, and
electrical means for preventing the closure of
any resistance-reducing switch until the cur-
rent 1 the motor circuit falls below a prede-
termined amount. o

current falls-
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5. The combination with an electric mo-

tor, a starting resistance therefor, a plu-

rality of manually operated independent
switches for controlling the resistance of the
motor circuit, a limiting device and an actu-
ating coil therefor which is connected in said

circuit, of electrically released mechanicsl-

means for preventing the closure of the
switches other than in a predetermined Or-
der, and means dependent upon the lmiting
device for delaying the closure of ' the
switches. |

6. The combination with an electric mo-
tor, a starting resistance therefor; a plu-
relity of manually operated indepemfent
switches for controlling the resistance in the
motor circuit, and a limiting device that is
actuated by the motor current; of mechan-
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1cal stops or ﬁ)awlsrfor preventing the closure

of the manually operated switches other than
pendent upon the limiting device
g the closure of the switches.

7. A motor-starting device Comprising a
series of manually operated switches, electro-
magnetically actuated pawls for confining
thelr order of closure to a predetermined se-
quence and for delaying their closure until
the motor current falls below
mined amount. | -

3. The combination with an electric mo-
tor, a starting resistance, and a plurality of
manually operated accelerating switches, of
means comprising mechanical stops or pawls
tor preventing the closure of the switches
except In a predetermined order, actuating
magnets for said pawls which may only be
energized when the current in the motor cir-
curt falls below a predetermined amount.

8. The combination with an electric mo-
torr a starting resistance, a plurality of man-
uaily operated accelerating switches, a limit-

for delay-

‘m a predetermined order, and means de-
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ing device which is energized when the cur- 195

rent in the motor circuit exceeds a predeter-
mined amount, of means comprising mechan-
tcal stops or pawls for preventing the closure

of the switches except in predetermined or-

der, and actuating magnets which may only 139
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be energized When per mltted by the lumulng [n testimony whereof, I have hereunto

device. subseribed my name thls 31st; da,y of Octo-
10 A mﬁtorustmtmg device comﬁrlsmg a - ber, 19086.

series of manusaliy-ocperated swite me- | - 'HENRY D. JAMES.
5 chanical means for positively conﬁmng their | Witnesses: ' |

elosure to a predetermined sequence, and | Epwin LEeHR,
~other means for delaying their closure. - BIRNEY HINES
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