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To all whom it may concern:

Beitknown that I, ArToour C. KasTwooDb, a

 ¢ltizen of the Umted States, residing in QleVe-
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- 5o after.

Jand, Oth have invented certain Imp1 ove-
mentsin Systems for the Operation of Electric

-Motors, of which the following 1s a specifica-

tion. -

My mvention relates to an improved com-
bination of apparatus for the operation of
electric motors; and it consists more particu-

Nlarly of an improved system designed to con-

trol the starting and subsequent speeding up
of an electric motor in which after the circuit
through 1t is first completed sections of resist-
ance 1n sald clrcult are successively cut out.
The object of the invention 1s to provide a
system of the above character which shall pos-
sess relatively few working parts and which
shall be of the utmost simplicity consistent

‘with proper action.

A further object of the invention is to pro-
vide a system by which the starting of a mo-
tor may be controlled by an 0pemt0r through
the medium of an auxiliary controller, which
shall in turn operate mechanism for closing
the various switches to cut out successive sec-
tions of resistance.

- These objects I attain as hereinafter set
forth, reference being had to the accompany-
ing drawmﬁ‘s, in Whlch_

Flﬂ'ure, 1 is a diagrammatic view of my im-
proved controlling system, indicating the con-

nections of the various pleces of apparatus

required. Fig. 2 1s a side elevation of one
face of the improved form of controller em-
ployed in my system. Fig. 3 1s a side eleva-
tion, partly in sectlon, illustrating the face of
the controller opposite to that shown in Fig.
2. Hig.41sanend elevation of the controller.

In the above drawings, A represents the
armature of a motor which in the present in-
stance 18 of the direct-current-series type.
A illustrates the field-winding of said motor,
and B 1s a coil of starting resistance of any
desired material, which i1s divided into a num-

‘ber of sections &, &', 0%, 6°, and b~

D 1is the controller preferably employed in
my improved system, and this 1s shown in de-
tail in Figs. 2, 3, and 4, as described herein-
It may, however, be said that said

| the motor.

controller has on one face a series of metallic
segments or contact-plates  and ', arranged,
as shown, on arcs of concentric circles, said

plates being relatively large and of substan-

tial eross-section, inasmuch as they are de-
signed to carry the total current delivered to

these heavy contact-plates (designated by the
reference-letter ¢) are connected in pairs,
while those designated by the reference-letter
d’ are similarly connected in other pairs which
lie ninety degrees distant from the first pairs.

The face of the controller opposite to that

having the contacts ¢ and &' is provided with
other series of contact-plates, also arranged
on the arcs of concentric circles, of which it
will, however, be .noted that there-are four,
the innermost set of contacts ¢ being 1n elec-
trical connection with each other, while the
succeeding sets d°, ¢, and ¢° are connected
together 1n two pairs of two each, lying dia-
metrically opposite to each other.

Reference-numerals 1, 2, 3, 4, 5, and 6 rep-

resent magnetically-operated switches, each
of which consists of main contactseand ¢ and
a solenoid ¢, by which a switch bar or blade
(not shown) may be made to bridee or elec-

trically connect said main contacts when the
“solenoids are properly energized by current.

C and (' are respectively the current-sup-
ply mains, the former of which is connected
to one pair of the heavy contacts ¢ and to the
contacts * of the auxiliary portlon of the con-
troller lying on the face opposite to that first
mentioned. The second pair of the contacts
d 1s connected to one end of the field-coil A’
of the motor, while the second end of said
field-coil is not only connected to one of the
main contacts ¢ of the switch 6, but is also
connected to one end of the resistance-coil B.
The second end of said coil is connected to the
main contact ¢ of the switch 1, while all of
the contacts ¢ of the six switchesare connect-

ed to the current-supply main C'. The re-

maining four main contacts ¢ of the switches
2, 3, 4, and 5 are connected, respectively, to
four pointson ther es'istfmce coil Iintermeciate
of the Sectlons b, ', b°, 0°, and &'. Of the
magnets ¢ those belono 1ng 50 the switches 1,
2, and 3 have one terminal connected, respec-

55

1t will be noted that certain of

60

75

30

Q0

95

100




1O

20

25

30

35

40

45

55

6o

63

o

tively, to one pair of the contacts &° d* &,
while those belonging to the switches 4 5 6
have In turn one terminal connected to the
second pairs, respectively, of the same con-
tacts. The magnet ¢*belonging to the switch
1 has its second terminal connected with the
current-supply main C through the wire con-
necting the contacts ¢ therewith, while the
magnets of each succeeding switch have their
second terminals in each case connected to the
main eontact ¢ of the switch, which in oper-
ation will be closed just before the magnet
under consideration is energized. In other
words, the magnet ¢ belonging to the switch
O has its second contact connected to the
main contact ¢’ of the switch 1, while the mag-
net of the switch 3 has its second contact con-

nected to the main contact ¢ of the switeh 2

and so on.

By reference to Kigs. 2 to 4, inclusive, the
detail construction of the controller D will be
understood, for, as shown, the controller con-
s1sts of an inclosing case supported on a suit-
able base °, which casing 1s provided with two
faces consisting of platesof insulating material
having fastened to it the contacts ¢ to ¢°, inclu-
sive. In the case 1llustrated the controller 1s

substantially eylindrical in shape, and pivoted

to 1t in the line of its axis 1s a U-shaped oper-

ating-handle ', carrying brushes arranged to

bridge between adjacent pairs of contacts ¢ and
' 1n one instance and between the contact
and the contacts &°, ¢', and ¢’ in the other cases.
The segments &°, ¢*, and ¢’ on the upper half of
the controller-face are of greater length than
those on the lower portion, and it will be
noted that this construction is so designed that
when the operating-handle ¢’ is turned on its
pivot 1ts brushes ¢° will first contact with and
will allow current to flow to the upper one of
the contacts d® from the contact-segment >,

which is permanently connected to the Supply-
main C. Asthe handle is still further moved
on its axis the upper one of the contacts &' 1s
engaged by the brush and then the contact °,
after which the brush on the lower end of the
handle engages the relatively short contacts ¢°
on the lower half of the controller, subse-
quently engaging the other lower contacts
and °. -

It will of course be understood that the
brushes  °, which engage the contacts d* to ¢,
are electrically insulated from the brushes ’,
which bridee between the main current-carry-
ing contacts  and &' on the opposite face of the
controller, and 1t will be seen that the arrange-
ment of the contacts is such that those on the
two halves thereot formed by a vertical plfme
passing through the axis arein every way simi-
lar, with the exception of the connections be-
tween the contacts & and ', respectively, noted

above.

In the operation of 11'15’ improved system mo-
tion of the operating-handle to one side or the
other of 1ts normal vertical position first per-

751,903

mits current to flow from one of the contact-
seoments ¢ to one of the segments ¢ and
thence to one or the other of the terminals of
the armature, depending on the direction in

which said controiler-handleismoved. Irom
the armature the current returns to one of the
contacts @ and passes through the brushes «’
to the upper pair of the contacts «, from
whence it flows to the field-coil A’.  Since the
contacts ¢ are so placed angularly on the sur-
face of the controller that the contact ¢’ is not

“engaged by 1ts brush untill good contact has

been made with said contact-segments « for
an appreciable time, the current which would
otherwise be free to flow through the resist-
ance-coll B 1s compelled to stop at the main
contact ¢/.  Further motion of the operating-
handle ' results in its brushes «° engaging one
of the upper pair of contacts «’, and reference
to the diagram in Fig. 1 shows that current
1s then free to flow from the contact-segment
d* through the segment «° to the solenoid ¢
belonging to the switch 1, and thence to the
supplyv-main. The energization of this solen-
oid causes a switch-bar (not shown) to form
connection between the main contacts ¢ and ¢
of the first switch, with the result that current
is thus free to flow as above described from the
field-coil A’ through the entire length of the re-
sistance-coil B and tothesupply-main C'. Fur-
ther motion of the brush-handle 1n the same
direction as above noted, while in no way al-
tering the relative connections on that tace of
the controller illustrated in Fig. 2, causes an-
other one of the brushes ¢° to engage the up-
per one of the contact-segments «*, with the
result that the solenoid ¢° belonging to-switch
21senergized. This,asabovedescribed,moves
a switch-bar so as to permit current to flow
between its main contacts ¢ and ¢, 1t being
noted, however, that the second terminal of
this solenoid is connected to the contact ¢ on
the resistance side of the switeh 1. It will
thus be seen that said switch is necessarily op-
erated before switch 2, for if for any reason-—
as, for example, bad contact between the
brushes d°and either of the segments d”or *—
the solenoids of the switch 1 should fail to form
connection between these main contacts ¢ and
¢ subsequent energizing of any of the other
solenoids belonging to other switches would
be impossible, since each 1s connected to what
may be designated as the “‘positive side” of the
main switch immediately preceding 1t. Fhe
second terminal of the solenoid belonging to
the switch 3 1s connected to the main contact
¢ of switch 2, so that the said latter switch
must be closed before the circuit through said
solenoid of switch 3 can be completed. Mo-
tion of the controller-arm ¢ in the opposite
direction—that is, toward its normal vertical
position—results in the successive deénergiz-
ing of the various solenoids ¢, with the result
that the switches are successively opened and
the various sections of the resistance-coil B
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again cut into eircuit, which circuit is finally
broken by the opening of switch 1.

If the opemtino—handle be moved from ifs
normal position in a direction opposite to that
described, the above cycle of operations is re-
peated in a manner similar to that noted,with
the exception that the direction of the flow of
current- through the armature A of the motor
is reversed by means of the well-known ar-
rangement of the contacts & and ¢ on the con-
troller-face illustrated 1n Fig. 2.

I claim as my 1invention—

1. The combination of an electric motor with
a body of resistance divided into sections,
switches for said sections, solenoids for the

switches, and a controller having independent

connections from itself to each solenoid for
ooverning the action of the same, certain of
the solenoids having one terminal connected
to the controller and the other connected to a
resistance-controlling switch other than the
one upon which it operates, substantially as
described.

9. In a system for the control of electric
motors, the combination with a motor of a
body of resistance composed of a number of
sections, switches for cutting out the various
ones of said sections, a solenoid for control-
ling the action of each switch, a controller
havmﬂ' on one face a series of relatwely heavy
contact-pieces connected to the motor so as to

serve as a portion of the reversing-switch, a

series of relatively light contacts on the sec-
ond face of the controller connected to the
various solenoids, with a handle carrying in-
dependent contacts for engaging respectively
said two sets of controller-contacts, substan-
tially as deseribed.

3. The combination of a motor with a body
of resistance divided into anumber of sections,
a switch for each section, each having two
contacts of which one i1s connected to1ts par-
ticular section of the resistance and the other

3

is connected to one of the supply-mains, a
solenoid for each switeh, a controller govern-
ine the action of the solenoids, certain of said
solenoids having one terminal connected to
sald controller and the other connected to the
resistance side of a switeh other than the one
1t controls, substantially as deseribed. '
4. The combination of a motor with

a body

“of resistance divided into a number of sections,

a switch for each section, each having two
contacts of which one 1s connected 10 its par-

‘ticudar section and the other 1s connected to

one of the supply-mains, a solenoid for each
switch, a controller constructed to succes-
sively energize the solenoids, said solenoids
after the first each having one terminal con-
nected to the controller and the other con-
nected to the resistance side of a switch whose
solenoid in operation is actuated betore 1t,
substantially as described.

5. The combination of a motor T‘Tlﬂ] a body
of resistance divided into anumber of sections,
a switch for each section each having two
contacts of which one is connected to its par-
ticular section and the other is connected to
one of the supply-mains, a series of solenoids,
a controller for energizing said solenoids one
after the other, connections from the control-
ler to one terminal of each solenoid, a connec-
tion from the second terminal of the first
solenoid to be actuated to a current-supply
mailn and connections from the second termi-
nals of each of the remaining solenoids to the
resistance sice of the switches whose solenoids
in operation are respectively energized before
it, substantially as described.

In testimony whereof L havesigned
to this specification in the presence of
scribing witnesses.

| ARTHUR C. EASTWOOD.
Witnesses:
C. W. CoMSTOCK,
W. A. JONES.
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