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To all whom it may concern.

Be it known that I, Hexry D. Jamus, a
citizen of the United States, and a resident
of Pittsburg, in the county of Allegheny and
State of Pennsylvania, have invented a new
and useful Improvement in Systems of Con-
trol, of which the following is a specification.

My invention relates to systems of control
for electric motors, and particularly to sys-
tems in which a plurality of separately-ac-
tuated switches are employed to govern the
motor circuit.

The object of my invention is to provide a
simple and economical arrangement of the
circuits of the system such that just the proper
voltages may be applied to the operating
or controlling magnet windings of the sepa-
rately actuated switches of a control system
and the switches may be caused to operate
successively in accordance with predeter-
mined conditions.

When separately-actuated switches are
employed for the purpose of governing the
amount of resistance that is included in the
armature circuit of a motor, one terminal of
each of the operating or controlling magnet
windings of the switches may be connected
to a suitable point of the resistance in the
armature eircuit, in such a manner that the
switches way be closed successively as the
drops of potential over seetions of the resist-
ance attain predetermined values, auto-
matie acceleration of the motor being thus
effected. In order to adapt this mode of
control to use in systems in which the motor
armature is connected successively to cir-
cuits of different voltage, I propose to shift
the connections of the operating or control-
ling magnet windings of the switches from
one circuit to another in such a manner that
the voltages applied to the magnet windings
will be approximately the same for a given
armature current regardless of the voltage
of the cireuit to which the armature is con-
nected. '

The single figure of the accompanying
drawings, 15 a diagrammatic view of a mul-
tiple-voltage system that embodies my in-
vention.

The system comprises a plurality of sepa-
rately-actuated switches 1, 2, 3,4, 5, 6 and 7
whereby a motor armature 8 may be con-
nected to conductors 9, 10 and 11 of a maulti-
ple-voltage circuit and the amount of a resist-
ance 12—13—14—15 in series with themotor

tions of the

armature may be governed. The switches
1 to 7, inclusive, are provided, respectively,
with operating or controlling magnet wind-
ings 16,17, 18,19, 20, 21 and 22, correspond-
ing terminals of the windings 18, 19, 20 and
21 being connected, respectively, to termi-
nals of the resistance sections 12, 13, 14 and
15. The citcuits of the magnet windings
are governed automatically by means of in-
terlocking switches that are associated with
the switches 1 to 7, inclusive, and manually
by means of a master controller, that com-
prises movable conducting segments 23, 24
and 25 and stationary contact terminals 26
to 37, inclusive, with which the conducting
segments may be caused to engage along
position-indicating lines « to 7, inclusive.

The movable segment 23 and the station-
ary terminals 27 to 30 of the master con-
troller are provided for the purpose of gov-
erning the amount of a resistance 38 that is
included in circuit with field magnet wind-
ing 39 of the motor.

"The operation of the system may be best

understood from a detailed description of the

eircuits corresponding to several of the posi-
inaster controller. When the
master controller occupies the position «, a
circuit is established by way of devices bear-
ing reference characters 9, 26, 23, 27, 39 and
10, the field sagnet winding 39 of the motor
being thereby energized. Another circuit is
also established by way of devices 9, 26, 23,
25,37, 40, 41, 42, 17 and 10. Switch 2 then
closes and connects the motor armature 8
in series with the resistance 12—13—14—15
between thelow-voltage cireuit 9—10. When
the switch 2 closes, a menber 43 bridges ter-
ninals 44 and 45 and a circuit is thereby es-
tablished through the devices 9, 26, 23, 25,
36, 45, 43, 44, 18,12, 2 and 10. The magnet
winding 18 will become sufliciently energized
to effect the closure of the switch 3 when the
counter electromotive force of the motor at-
tains a predetermined value, or the drop of
potential in the resistance section 12 falls be-
low a predeteriiined value. Another cir-
cuit will thereupon be established because of
the raising of the bridging member 47 into
engagement with terminals 48 and 49, the
said circuit continuing from the terminal 36
through the devices 49, 47, 48, 19, 13, 3, 2
and 10. The magnet winding 19 will be-

come sufficiently energized to effect closure
of the switch 4 when the counter electromo-
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tive force of the motor
mined value. It will be seen that when the
switches 3 and 4 are closed, the resistance
sections 12 and 13 will be shunted succes-
sively, leaving only resistance sections 14 and
15 in series with the motor armature. When
the master controller oceupies the position b,
another cireuit is established threugh the de-
vices 9, 26, 23, 25, 35, 50, 51, 52, 20 14, 4, 2
and 10, the brid ging m sember 51 hav ing pre-
viously been caused to engage terminals 50
and 52, by reason of the closing of the switch
4. The switch 5 will, 1 turn, be closed as
soon as magnet winding 20 becomnes suffi-
clently energized on account of the increase
of counter eiectl omotive foree of the motor,
and resistance section 14 will be shunted
from the cireuit of the motor armature. The
closing of the switeh 5 moves the bridging
member 53 mto engagement with contact
terminals 54 and 55 and also brideing iens-
ber 56 into engagenient with tm‘mmal 57
and 58.

When the master controller occupies the
position ¢, a cireult is established through the
devices 10, 32,24, 33, 58, 56, 57, 59, b) 61,
22 and 11, it bemg observed that the cireuit
is connected between the low-voltage con-
ductors 10 and 11, whereas the controlling
magnet windings were previously connected
between low-voltage conductors 9 and 10.
The magnet \\mdmu 22 then beconies ener-
gized to close the switeh 7 and tl wereby con-
niect the motor armature divectiy between
low-voltage conductors 9§ and 10 with no re-
sistance in eircuit.  Movenzent of the switch
7 to closed position causes the bridging nient-
ber 41 to be moved out of engageinent with
terminals 40 and 42 and into engagement
with terminals 63 and 64, the bridging mesi-
ber 65 being also mov ed out of e.maoewont
with terminals 66 and 67.  The position of
the bridging meniber 65, when the switching
member 7 1s closed prevents energization ol
the magnet winding 21 of the switch 6.
When the bridging meinber41 is raised, it in-
terrupts the circuit of the magnet \\m(lmo
17 and thus causes the switch 2 to open, the
circuit of magnet winding 18 being also in-
terrupted on “account of the low ering of the
bridging‘ meinber 43, Switch 3 is thereby
permitted to open and the circuit of magnet
winding 19 is interrupted by the lowering of
the bridging member 43.  Switch 3 is there-
by permlttod to open and the circuit of imag-
net winding 19 is interrapted by the lowering
of the budwmg member —:L/ In like nianner,
the circuit of the m agnet w inding 20 1s inter-

upted by the movement of the bridging
member 51 when the switch 4 opens, and the
switch 5 1z thus caused to open. When the

switch 2 opens, bridging nietiber 68 engages
contact terminals 69 and 70 so as to main-
tain the circuit of the magnet winding 22 in-
dependent of the interlocking switch 56—

attains a predeter-

63—41—064, through devices

875,665

57--58, in order that opening of the switeh 5
may not interrupt the sawe and cause open-
ing of the switch 7, the said circuit, as wiain-
tained, being through devices 10, 32, 24, 33,
70, 68, 69, 59, 60, 61, 22 and 11.

As the master controller is moved through

{ the succeeding )o,sition% d, e and f, gradually
-

mcloabmg amounts of the resistance 38 are
included m the circuit of the field magnet
winding 39, the armature circuit remaining
undisturhec 1, although contact terminals 35
36 and 37 become (115(‘1}};(1540(1 from the con-
ducting scgments 25 and contact terminal 34
engages cmulu('tmg segment 24, beeause no
new cireuits are established throueh the con-
trolling magnet windings of the switches.
However, as the master controller is moved
to the position ¢, condueting segment 24 is
brought into engagement with contact for-
minal 31 and a circuit is thereby established
through devices 10, 32, 24, 31, 63, 41, 64, 16
and 11, it being noted that after the said eir-
cuit 1s established the contact terminal 33
becomes disengaged from tlw condueting
segment ’—L and the cireuit of the magnet
winding 22 is interrupted, the switeh 7 heing
then permitted to open. The switch 1 is
closed by the winding 16, when energized,
and one terminal of the resistance section 12
is thereby connected to conductor 11, Thus,
I passing from position 7 to position g of the
master controller, the motor armature 8§ is
first connected hetween conductors 9 and 10
then the resistance 12—13—14-—15 ig uon—
nected bhetween conductors 10 and 11, and
finally the switch 7 opens to remove the com-
mon connection of the resistance and motor
armature with conductor 10, When the
switch 1 is closed, bridging member 71 is
aused to engage terminals 72 and 73 and a
circuit is established for the magnet winding
16 independent of the interlocking switeh
31, 74, 75, 76,
72, 71 and 73. The brideing member 77 is
also caused to engage terminals 78 and 79
when the switch 1 is elosed and a cireuit is
established throucrh devices 10, 32, 24, 36,
79, 77, 78, 18, 12, 1 and 11. The m: 1}41101
winding 18 will bewme sufliciently encrgized
to efleet closure of the switeh 3 when the
drop of potential in the resistance section 12
decreases to a predetermined value, it being
noted that the said winding is now con-
nected between one terminal of the resist-
ance section 12 and the conductor 10, where-
as, when the motor armature was connected
between conduetors 9 and 10, the said wind-
ing was connected between one terminal of
the resistance section 12 and the conductor 9
Thus, if the difference of potential between
the conductors 9 and 10 and that between
the conductors 10 and 11 are approximately
the same, as will usually be the case, the
voltages qpphod to the cire ult of the \\'nuhno
18 will be approximately the same whether
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- bridging member 75 is thereupon raised out”
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the motor armature is connected to a high or
to a low-voltage circuit, and the magnet
winding 18 will become sufficiently energized
to effect closure of the switch 3 at the same
current value or drop of potential in the re-
sistance scction 12 for both voltages that are
applied to the armature circuit.  Closing the
switch 3 shunts the resistance section 12 and
raises the bridging member 47 into engage-
ment with contact terminals 48 and 49,
thereby establishing a cireuit from the con-
tact terminal 36 through devices 49, 47, 48,
19,13, 3, T and 11.  When the drop of po-
tential over the resistance section 13 de-
creases to a predetermined value the winding
19 will become sufliciently energized to effect
closure of the switch 4, resistance section 13
being thereby shunted.

When the switch 4 closes, the bridging
member 51 is raised into engagement with
terminals 50 and 52, so that, if the master
controller is then moved to the position 4, a
cireuit will be established through devices 10,
32, 24, 35, 50, 51, 52, 20, 14, 4, 1 and 11, the
switeh 5 being closed to effect shunting of
the resistance section 14 when the drop of
potential over the resistance section 14 de-
creases to a predetermined value. Closing
the switeh 5 raises bridging member 53 into
engagement with terminals 54 and 55, and a
eircuit is thereupon established through de-
vices 10, 32, 24, 34, 66, 65, 67, 55, 53, 54, 21,
6, 15, 5, 1 and 11. The magnet winding 21
will become sufliciently energized to effect
closure of the switch 6 when the drop of
potential over the resistance section 15
decreases to a predetermined value, and

of engagement with terminals 74 and 76.
The cireuit of the magnet winding 16 of the
switch 1 is thereby interrupted and the
switch 1 opens. The switches 3, 4 and 5
also open in succession, leaving the motor |
armature connected directly between the
conductors 9 and 11 by means of the switch
6. Upon closing the switch 6, bridging
member 60 is raised out of engagement with
terminals 59 and 61, energization of the
magnet winding 22 of the switch 7 being
thereby prevented while the switch 6 re-
mains closed, and the member 60 is caused
to engage contact terminals 83 and 84, a cir-
cuit being thereby established for the switch
magnet 21 between the terminal 67 and the
winding 21, independently of that previously
established upon the closing of the switch 5
and subsequently interrupted upon the open-
ing of the said switch by means of interlock-
ing switch 53—54—355. The switch 6 alone ‘
remains closed through the succeeding posi- |
tions 7, k£ and I of the master controller, in !
moving through which positions the amount |
of the resistance 38 included in circuit with .‘
the field magnet winding 39 is adjusted. r
When the motor armature is connected to |

8

the circuit 9—11, the counter electromotive
force thereof will usually be greater than the
electromotive force of the low voltage circuit
9-—10 and serious injury may, consequently,

be done to the motor if the armature is sud< 7

denly disconnected from the high-voltage
circuit and immediately conmected to the
low-voltage circuit without resistance in cir-
cuit therewith to absorb the difference be-
tween the voltages generated by the motor
and that of the low-voltage circuit. In the
present system, changes in the armature
voltage are effected without interrupting the
armature circuit, and without causing short-
circuits, and when the motor armature is dis-
connected from the high-voltage circuit and
re-connected to the low-voltage circuit, re-
sistance is introduced in series therewith.
This will be readily understood by supposing
the master controller to be returned from the
position g to the position d. In the position
g the switch 6 is alone closed, and also in the
position f.  Although, in the latter position,
the segment 24 engages -contact terminal
33, the circuit of the magnet winding 22 of
the switch 7 is interrupted because the bridg-
ing member 60 does not engage terminals 59
and 61. In passing from the position f to
the position ¢, segment 25 is first caused to
engage contact terminal 37 and a circuit is
thereby established through devices 9, 26, 25,
36, 37, 40, 41, 42, 17 and 10. KEnergization
of the magnet winding 17 causes the switch 2
to close and the resistance 12—13—14—15 is
connected between the conductors 10 and 11.

The segment 24 next becomes disengaged

from contact terminal 34 and the circuit of
magnet winding 21 of the switch 6 is inter-
rupted, the switch 6 being thereby permitted
to open, leaving the motor armature con-
nected between conductors 9 and 10 with the
resistance 12—13-—14—15 in series there-
with. If the master controller then oceu-

| pies the position d, the switches 3, 4, 5 and 7

will close in succession, thereby removing the
resistance 12—13—14-—15 from the circuit
of the motor armature, or, if the master con-
troller occupies the position b, only switches
3, 4 and 5 will close. The motor will again
accelerate to a speed corresponding to the
position of the master controller. Thus it is
seen that, in reducing the voltage applied to
the armature circuit, the armature is first
connected to the low-voltage circuit with re-
sistance in series therewith, and then it is
disconnected from the high-voltage circuit,
the resistance serving first to prévent short-
circuiting of the supply circuit, and then to
protect the motor from injury in case the
electromotive force generated thereby ex-
ceeds that of the low-voltage circuit.

I claim as my invention:

1. The combination with a multiple-vol-
tage circuit, & motor and a resistance in the
armature circuit thereof, of means for con-
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necting the motor armature to different pairs
of conductors of the multiple voltage circuit,
means for removing the resistance from the
armature cireuit comprising a magnet wind-
ing one terminal of which is connected to the
sald resistance, and means for connecting the
other terminal of said winding to different
conductors of said multiple voltage circuit so
as to apply approximately the same voltage
to the circuit of the magnet winding for all
voltages that are applied to the armature cir-
cuit of the motor.

2. The combination with a multiple-vol-
tage circuit, a motor and a resistance in the
circuit thereof, of means for connecting the
motor armature to different pairs of con-
ductors of the multiple-voltage circuit, a plu-
rality of switches for removing the resistance
from the armature circuit, and controlling
magnet windings for the switches each hav-

875,663

ing a terminal connected to the resistance in
the armature circuit, and means for connect-

" ing the remaining terminals of the said mag-

net windings to different conductors of the
multiple-voltage circuit so that the magnet
windings may become sufficiently energized
to effect operation of the corresponding
switches when the drops of potential over

: the portions of the said resistance attain pre-
determined values regardless of the voltage :

of the circuit to which the motor armature is
connected.

In testimony whereof, 1 have hereunto
subseribed my name this 20th day of April,
1907. .

HENRY D. JAMES.

Witnesses:
Ross W. CorELAND,
Birvey Hives.
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