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To all whom it may ConCerw:

Be it known that 1, Grorer H. HiLw, a citi-
zen of the United States, residing at Schenec-
tady, county of Schenectady, State of New

5 York, have invented certain new and useful
Tmprovements in Systems of Motor Control,
of which the following is a specification.

The present invention relates to systems of
electric control of the character set forth in
my application, Serial No. 113,454, filed June
97, 1902, of which application the present ap-
plication is a division.

In my prior application various forms are
shown of a system for preventing a too rapid
progression of the contacts ina system of elec-
tric control in which the control is accom-
plished by means of a series of individually-
actuated contacts. Said system contemplates
the use of a checking device acting with suc-
cessive contact devices and adapted to check
at least temporarily the operation of the suc-
ceeding contact device, thereby securing by
means of the master-switch or master-con-
trolling device or by means operated by the
current in the controlled circuit a control of
the extent and rate of progression of the con-
tacts. The form of said system which is spe-
cifically made the subject of one or more of the
claims in the foregoing application embodies
30 a single actuating-circuit from the master-

switch for all tlie contacts, together with a
" maintaining-circuit therefor, the manual con-
trol of the progression of the contacts being ob-
tained by making and breaking the actuating-
-cireuit for the contacts at the master-switch.
With this arrangement the operator must
move the switch-handle back and forth if he
desires to control the contacts, and, further-
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more, he has no means of knowing definitely.

the positions of the contacts.
In accordance with my present invention I
provide a separate connection from each con-
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tact-actuating means to the master-switch and ‘

a position of the switch corresponding to each
contact, whereby the master-switch may be
moved to its extreme position to permit the
progression of all the contacts to be affected
automatically, or it may be moved to any of
its intermediate positions, thereby stopping
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the progression of the contacts at any point,
the position of the master-switch indicating
the point to which automatic progression may
take place.

Several forms ot the type of control system,
in which independent connection areemployed
from the master-switeh to each contact-actuat-
ing device are disclosed in my previous appli-
cation, and these are utilized in illustrating
the subject-matter of the present application,
although the present invention in its broader
aspects is not limited to the details illustrated.

In the accompanying drawings, which rep-
resent diagrammatically certain forms of the
present invention, Figure 1 illustrates the cir-
cuit connections between the source of elec-
tric supply (indicated by a trolley - shoe)
through a motor and the governing devices to
the ground. TFig. 2 isa detailshowing a modi-
fied type of checking device for limiting the
rate of automatic acceleration.

In Fig. 1 a single motor M is shown for the
sake of clearness, although the present inven-
tion is of course applicable to equipments em-
bodyinga plurality of motors whichare adapt-
ed to be connected together in various com-
binations. A, B, C, and D are electromag-
nets operating switches 6, 7, 8, and 9, each
bridging one of the resistances R, I, Y, and
R! in the motor-circuit. Besides controlling
the main contacts referred to above the mag-
nets A B C D also control the contacts «' ¢,
BB, ¢ ¢ and d' and &%, which govern the cir-
cuits of the controlling-magnets. Resistances
# ¢ are provided in the controlling-magnet
circuits. L is a magnet for operating con-
tact 12 in motor-circuit. Fisathrottle-mag-
net whose coil is in the controiled motor-cir-
cuit and which controls a contact 16 in the ac-
tuating-circuit of the controlling - magnets.
Tts function is to interrupt the actuating-cir-
cuit antomatically when the current in the
motor-circuit exceeds a predetermined value.
| I is the master-switch, which when the pres-
| ent invention is applied as a car equipment
' may be arranged at one end of the car while
| & duplicate switch is placed at the other end.
Also when the present invention is employed
as part of a train-control system one or more
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master-switches are placed on each car and
all are connected together by train-lines, as
disclosed in my application heretofore re-
ferred to. The description and illustration
in the present application are confined to a
single master-switch and a single set of cir-
cuits simply for the sake of clearness, since
the multiplication of master-switches or equip-
ments does not affect the operation of any one
system. - O is the checking-magnet, arranged
in the actuating-circuit of the magnets A, B,
C, and D and controls said circuit by means
of the contact 22. W is an underload-mag-
net which serves as a governor for the checlk-
ing-magnet O. It operates contact 23, which
is in circuit with the coil of the checking-
magnet, and its coil is illustrated as in series
with the motor, although it may be arranged
in any suitable manner, whereby when the
current through the motor reaches a pre-
determined value the contact 23 is closed.
The contacts 1, 2, 3, and 4 of the master-
switch K are connected, respectively, to cor-
responding terminals of the controlling-mag-
nets A, B, C, and D. The contact 5 is con-
nected with the line-contact V, and the contact
43 is connected with one terminal of magnet
L. Upon moving the master-switch to its
first position b a circuit is established from
line-contact V to contact 5, through the mov-
able-contacts of the master-switch to contact
43, through the coil of magnet L, and to the
ground. ~ Magnet I, thereby becomes ener-
gized and closes the motor-circuit at contact
12. Current is thereupon supplied to motor
M through all of the resistances R’ to R.
Upon moving the controller to its second posi-
tion ¢ current flows from contact 7, through
the coil of magnet A, through contact @’, con-
tacts 16 and 22, resistance +° to the ground,
thereby energizing magnet A, closing contact
6, and cutting resistance R’ out of the motor-
circuit. Upon the energization of magnet A
the actuating-circuit for the magnet is broken
by the opening of convact ¢* and the maintain-
ing-circuit of this magnet isestablished by the
closing of contact &', the maintaining-circuit
passing out from contact ¢’ through the com-
pensating resistance +' to the ground. The
The contact ¢, arranged in the actuating-cir-
cuit of the succeeding magnet B, is also closed
upon the energization of magnet A. If the
current supplied to the motor upon the cut-
ting out of resistance R’ does not exceed a pre-

determined value, then upon moving the mas- |

ter-switch to its third position  an actuating-
circuit is established for magnet B from con-
tact 2, through the coil of magnet B, out of
contacts 6* and ¢’ through contacts 16 and 22,
resistance #° to the ground. An additional
resistance-section R* is thereby cut out of the
motor-circuit. The actuating-circuit of mag-
net B is broken at contact 4* and an actuating-
circuit therefor established at &', and at the
same time the contact 4’ in the actuating-circuit
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of the following magnet C is closed. Inthe
same manner the resistances R*and R* may be
progressively cut out upon moving the mas-
ter-switch successively to its positions ¢ and
S+ It is evident that the erganization of mag-
nets B, C, and D is dependent upon the pre-
vious energization of magnets A, B, and C,
respectively, and upon the closing of contacts
thereby, so that a defect at one point will pre-
vent the operation of succeeding devices,
thereby, through the consequent diminuation
of the motor speed or failure of acceleration
thereof, apprising the operator of the defect.
It isevident that if the master-switch is moved
from the zero or off position to its extreme
running position the magnets A, B, C, and D
will be progressively energized, since one ter-
minal of each magnet is then connected di-
rectly to line-contact V by means of its inde-
pendent connection with the master-switch
and the actuating-circuits of magnets B, C,
and D being established progressively through
the contacts operated by preceding magnets.
The rate at which acceleration may take place
is limited by magnets I, O, and W. Throttle-
magnet F opens the actuating-circuit of the
magnets whenever motor-current becomes too
great and prevents the further cutting out of
resistance until the current diminishes. When
the motor-current reaches a predetermined
value, less than that which will cause the
throttle F to act and somewhat less than the
current at which it is desired to accelerate,
the magnet W will be energized so as to close
confact 23. This contact therefore remains
closed during practically the entive accelera-
tion of the motors, and it will be seen that as
soon as the controller is moved to its second
position for the purpose of establishing the
actuating-circuit for magnet A current will
pass through both the magnet A and the mag-
net O. Magnet O has its contact arranged
loosely upon the stem of the plunger, sothat
the latter is capable of a limited loose motion
or it is otherwise arranged, so thatthe plunger
must move a certain distance before opening
the contact. During the time that this con-
tact is being opened the magnet A is closing
its contacts 6, «', and «* and is opening con-
tact «>.  When the contact «is broken, the
actuating-circuit of the magnet A is inter-
rupted and current passes from the magnet
A through contact ¢’ and thence through the
retaining-cireuit, and at the same time the ac-
tuating - circuit of magnet B is established
through contact «’. The time required for
the checking-magnet O to open this contact
22 is just suflicient to allow the magnet A to
operate, so that just as contact « closes and
shifts the actuating-circuit to magnet B the
actuating-circuit is broken by the checking-
magnet at contact 22, and the magnet B is
thus checked and cannot be energized, for the
reason that magnet O is of high resistance
and the current which maintains it is insuffi-
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cient to actuate magnet B. The checking- |

magnet O remains energized and holds the con-
fact 22 open as long as the actuating-circuit
is otherwise kept intact. If the operation of
the magnet A, the closing of its contact 6, and
the Subsequent short-cn"cultm@ of the resist-
ance R’ in the motor-circuit hasproduced an in-
crease in the current through the motors sufli-
cient to cause the throttie-magnet F to beener-
gized, it opens the contact 16 in the actuating-
circuit. This will oceur just after the check-
ing-magnet O has opened its contact 22 and will
cause the magnet O to be deénergized and to
close its contact 22. The magnet B is not en-
ergized, because its current is mtermpted at
16; but ‘when current in the motor-cireuit falls
to its normal value the magnet F will be
weakened, thereby closing its “contact 16 and
compieting the circuitto the magnet B. Mag-
net B is now energized, closing its contacts 7,
V', and {*and opening contact b‘, and the check—
ing-magnet O operates as before. The same
sequence of operations isrepeated for the mag-
nets C and D. If all the magnets have oper-
ated and the motor is running with no resis-
tance in cirenit and the main current-supply
to the car be interrupted for a short time
and then be resstablished before the motor has
materially decreased its speed, the interrup-
tion of the current thus occasioned deéner-
gizes all the magnets and opens the motor-
cont%cts ‘When L the main contact is again es-
tablished, the magnet L will be ener'oued and
the motor circuit b established thr ouoh the re-
sistances R’ R* R? RY, but as the motor speed
has not slackened the current in the motor-
circuit will be lower than was flowing before
the main contact had been broken and will not
be suflicient to energize the magnet F or to en-
ergize and close the contact of the magnet W,
The checking-magnet O is theretore put out
of action by interruption of its circuit.
rent will flow from ¢ of the master - switch
through magnet A, contact «’, contacts 16 22,
resistance 7 to ground Assoon as the mag-
net A has been actuated current flows from
the contact 2 of the mdster switch throuoh
magnet B to contacts 5* ¢° 16 22, resistance 7
to oround As soon as Bis actuated current
ﬁows from the master-switch contact 3 through
magnet C, &e., to ground, and similarly from
contact 4 and m‘wnet Dto ground. Themag-
nets are thus enercrlzed successwelv w1thout
any checking action and quickly assumes the
pos1t10n they held before the break in the
main contact.

Fig. 2 is a modification of the control sys-
tem cmd also shows means whereby a group of
magnets, each operated by a separate circuit
from the master-switch, are made successive
in their action, and in which the rate of pro-
oression of the magnets may be controlled au-
tomatlcally and the master-switch be moved
directly to its extreme position or may be
controlled manually by progressive movement

Cur-
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of the master-switch from contact to contact.
Suppose the contacts of master-switch I be
moved to their extreme position, current flows
from line-contact V, throu@h contacts 2726 5,
out 1, coil A, contacts @' 16 to ground. This
operates the magnet A, which opens contact ¢’
and closes @, thel eby causing cullent to pass
trom the 0011 A through contact &, resistance
' toground. Thespring 42 is compreseed and
slole moves the p1ston into the dash-pot 30
and closes the contact ¢®. Current then flows
from the contact 9 of the master-switch, coil
B, contacts &’ ¢’ and 16 to ground. \Iaonet
B is thus operated and cuts resistance »* into
circuit with its coil, and the spring 42 pro-
ceeds to closethe contacts 0°, &e.  During the
time between the operation of the respective
magnets there is ample time for throttle I to
act. It is evident that the master-switch con-
tacts can be moved slowly or stopped at any
point, and thereby control the rate of opera-
tion of the successive magnets at any rate
slower than would take place by reason of the
dash-pot’s operation.

It is evident thatinboth formsin which my
invention is herein disclosed the progression
of the contactsis enthelvundel the control of
the operator, who may determine the rate of
progression, provided a slower rate than that
of automamc progression of the whole series
is desired, by the rate of forward movement
of the master-switch, and the extent of pro-
gression by simply moving the master-switch
to the desired pointand leavmo it there.

What I claim as new, and desne to secure
by Letters Patent of the United States, is—

1. In a system of electric control, a series
of circuit-governing electromagnets, a master-
switch plOVlde with an mdependent connec-
tion to each electromagnet, the energization
of certain of the electl omagnets buno de-
pendent upon the energization of another ot
the electromagnets.

9. Tn a system of electric control, a plural-
ity of contact devices, a plurality of electro-
magnets for operating said contact devices, a
master-switch having an independent connec-
tion to each of said electr omagnets and each
of certain of said electromagnets including in
its circuit one of said contact devices con-
trolled by another of said electromagnets.

3. In a system of electric control, a group
of successively-acting magnets, means for ef-
fecting their automatic progression, a master-
swrcch circuits governed bV the master switeh
and adapted to arrest the progression of the
magnets and maintain those already actuated,
S‘Ud cireuit including an independent connec—
tion between the master-switch and each of
said magnets.

4. In a system of electric control, a motor-
cirenit, a master-switch, a resistance in said
motor-circuit, a plurality of magnets control-
ling separate portions of said resistance and
arranged seriatim, the coil of each magnet ex-
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cept the first having one terminal at a contact
controlled by the preceding magnet and hav-
ing its other terminal joined to the master-
switch by an independent connection.

5. In a system of electric control, a group
of successively-operating magnets, a control-
ling-circuit and master-switeh, said control-
ling-circuit including an independent connec-
tion between each magnet and the master-
switch, means for effecting automatic progres-
sion of the magnets, and means acting with
successive magnets adapted to check the oper-
ation of the succeeding magnet.

6. In a system of electric control, a group
of successively-operating magnets, a master-
switch, an actnating and maintaining cireuit
for the magnets, and means whereby the mag-
nets are successively included in the actuat-
ing-circuit and shifted to the maintaining-cir-
cuit the two circuits for each magnet having
in common an independent connection with
the master-switch.

7. In a system of electric control, a group
of successively-operating magnets, an actuat-
ing and a maintaining circuit for the magnets,
means whereby the magnets are successively
included in the actuating-circuit and shifted
to the maintaining-circuit, means acting with
successive magnets to check the operation of
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“a succeeding magnet, and a master-switch, the

actuating and the maintaining cirecuit for the
magnets having in common an independent
connection between each magnet and the mas-
ter-switch.

8. In asystem of electric control, a group
of successively - operating contact devices,
means for effecting automatic progression of
said contact devices, a master-switch, and an
independent connection between said master-
switch and each of said contact-operating de-
vices. ,

9. Ina system of electric control, a motor-
circuit, a resistance in the motor-cireuit, a plu-
rality of magnets controlling separate portions
of the resistance and arranged seriatim, a nor-
mally open circuit through the coil of each
magnet, connection between the successive
magnets whereby the operation of any one of
the magnets completes the circuit through the
coil of the magnet next in suecession, a mas-
ter-switch, and an independent connection he-
tween the master-switch and each magnet-coil.

In witness whereot 1 have hereunto sct my
hand this 22d day of July, 1904.

GEORGE H. HILIL.

Witnesses:

Bexranmw B. Hurt,
Herey Orrozp.
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