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To all whom it may concern:
Be it known that I, FRANK B. RAE, a citi-
zen of the United States, residing in Chicago,

- Cook county, Illinois, have invented certain

new and useful Improvements in Klectrie-
Motor-Controlling Systems, of W’hl(}h the fol-
lowing is & Spemﬁcatlou

My i1nvention has particular relaﬁuon to
traction -motors designed to be used under
conditions where there is need of frequent
starting and stopping, acceleration, or hill-
climbing, or where, in brief, a considerable
tractive effort or pull is required. It might
also be used in connection with elevators or
other like classes of service.

More specifically, my invention contem-
plates the use of a commutating-switch con-
trolling an arrangement of a source of elec-
tricity and a plurality of field-magnet coils
elther in series, in series multiple, or in mul-
tiple arc

My mventlon f urther contemplates an ar-
rangement of the field-coils of the motor, the
magnetic circult, and the source of eleebncal
SUpply in such a manner as to obtain a very
large magnetization of the field part of the
motor with a comparatively small amount of
current, whereby I obtain a very great start-
eet or torque te overcome the inertia
or ‘uhe load upon the motor during the periods
of starting and acceleration, which is espe-
cially desirable in all cases where the motor
1s subjected to a heavy pulling strain. |

Another object of my invention is the com-
bination, with a source of electricity, a motor,
and a eommuba,tmo switch, of a plurality of
teld-magnet coils on the motor and segments
on the commumtlnﬂ-smteh eonnected with
contacts constmcted to permit the field-mag-
net colls to be connected with such source of
electricity either in series, in series multiple,
or in multiple are, as may be desired.

Another object of my invention is the pro-
vision of a plurality of electrical supply
sources in combination with a motor having
a plurality of field-magnet coils and a com-
mutating - switch and connections and cir-
cuits Whe‘reby the plurality of electrical sup-
ply scurces may be placed in c¢ircuit with
such field-magnet coils either in series or in
multiple are.

Another object of my invention is the pro-

¥

and cireuifs connected

| tating drum;

vision of a source of electricity, an armature-
coll, and a plurality of separate field-magnet
colls on a motor, combined with separate con-
nections from the field-magnet coils or the
armature-coil and from the source of elec-
tricity to a commutating-switeh.

A still further objectof my invention is the
construction of a commutating-switeh hav-
ing segments thereon and contacts in con-
nection therewith having resistances adapt-
ed to be included in effecting the various com-
binations of circuit and to be excluded when
such circuits are finally effected, whereby
continuity of the circuits is maintained dur-
ing the movement from one to the other with-
out any sparking or short-circuiting or the
troubles resulting therefrom.

Still another object of my invention is the
provision of a commutating-switch, in combi-
nation with a motor having a plurality of
field-coils and resistance connected between
the switch-segments in such manner that
commutation of the field-colls in series, in se-
ries multiple, and in multiple arc may be ef-
fected without either short-circuiting or in-
terrupting the continuity of the circuit, and
consequently without waste of current, spark-
ing, or corrosion of the contacts.

The above, as well as such other objects as
may hereinafter appear, I attain by the con-
struction which I have diagrammatically illus-
trated in preferred form in the accompany ing
drawings, in which—

Kigure 1 shows the development of my com-
mutator-switch with the segments, contacts,
therewith, Fig. 2
shows, diagrammatically, the arrangement of
the different circuits in the first position of
the switch; and Figs. 3,4, 5, and 6 represent
the arrangement of the circuits in the sec-
ond, third, fom"th and fifth positions, respec-
twely

Referring now more particularly to Fig. 1,
it will be seen that I have provided a plu-
rality of stationary contacts 1, 2, 3, 4, 5, 6, 7,
S, 9,10, 11, 12, 13, 14, 15, and 16, arranged so
that they will be brought into circuit with
the metal segments numbered 48 to 63, inclu-
sive, as thelatter aresuceessively moved from
one position to ancther. The segments are

preferably arranged cylindrically about a ro-
but for the purpose of illustra-

55

60

75

8o .

Q0

95

100




|

10

30

35

4.0

45

55

6o

638,529

tion I have shown them as developed upon a
flat surface.

Ab 17 T have shown the magnetic field of a
motor wound with four sepma‘te coils 13, 19,

20, and 21.

22 is the armature of the motor, and 23 and
24 are each a series of storage-battery cells
having approximately the same electromotive
force.

The operationof my invention is as follows:
Supposing the commutating-switch ke moved
until the contacts 1 to 14, inclusive, rest upon
the segments 49, 50, 51, 52, 55, 50, 57, 59, and
61 1n the pogltlon mdlemed by' he two lines
marked A to the left of the figure. In this
position one pole (say the pomw pole) of
battery 23 is connected by wire 25 to contact

1 and the corresponding pole of battery 21 1s
eonneeted by wire 26 to contact 2, the two
contacts being connected together through
the segment, 49, A current “will flow from
this segment 49 to countact 3, through wire
27, field-coll 1§, and wire 28 to contact 14,
thlouﬂh segment 61, wire 29, and segment 50
to eontaeb 4, Lhmngh wire 80, field-coil 19,
and wire 51 to contact 15, throngh segment
59, wire 52, and segment 51 to coamct
through wire 33, field-coil 20, and wire 34 e
contact 12, through segment 57, wire 55, and
seoement 52 to contact 0, through wire 30,
field-coil 21, and wire 37 to contact 11, through
segment 56, contact 10, wire 58, motor-arma-
ture 22. and wire o9 to contact 9 and segment
55, and from segment 55 to contacts 7 and S
returning through the wires 40 and 41 to the
negative ]Jole% of the batteries 23 and 24.

In the position deseribed the switch con-
nections correspond with the diagram shown
in Fig. 2, in whiech all of the field-coils of the
motor are connected together in series and are
supplied by current from the batteries, which
areconnected in multivleof two groups. Un-
der this condition of the several parts the
electromotive force, tending to pass a cirenit
through the sgeveval field- wmdm%, will be
equal to that of one set of the cells only, and
the resistance of the {ield-colls in series will
be such that the amount of current flowing
ab this time will not be excessive, not exceed-
Ing at any time the normal current output of
the b&ttetles At the same time the number
of effective turns of the coils upon the field-
magnet 1s suificient with this normal current
output to produce very great field magnetiza-
tion. While the armature of the motor will
therefore revolve at a comparatively verylow
speed, (because of the low-impressed electro-
motiveforce of the cell and theexcessive mag-
netization of the field iron,) it will exert, even
at the very beginning, a very great torque or
starting effort.

It 18 next desired to produce greater speed
of the motor-armature, and this L accomplish
by increasing the 111]1}1‘%% ed elecu omotive
foree by arranging the batteries 25 and 24.1n
series with eachother. inmakingthischange

itisdesirable thatthecircuitthrough the field-
coils shall not be interrupted and also that
the battery shall not be shorti-circuited, for
any interruption of the field-coil cirenit would
produce 3pmkinﬂ and short-circuiting of the
battery is of course wastefal of cuuwb and
destructive to the cells themselves.

To secure the change desired, the switeh 1s
moved from the position A to the position B
until the fixed contacts rest upon the various
seoments between the lines indicated by bB.
During the passage of the segments from the
position A to the position B it is to be noted
that the contaed 7 iz first brought into con-
nection with the small segment 54, and at this
instant current will flow from the battery 25
and the connections with which 1t is then in
circuit through the resistance-coil 45 and the
several fleld windings and cirenits, as be-
fore. Thereisthusinterposed in the battery-
cirenit a resistance which serves to bridge
over the break in the cireuit, while the fur-
ther movement of the parts to the position
marked B brinegs the contacts 7 upon the
segment 53, thereby cutting the resistance 4o
out of the cireuit again and effecting the de-
sired commutation of the cells 23 and 24 with-
out actually breaking the circuit, without
sparking, and without any short-circuiting or
injury of the batteries themselves.

The condition of the several circuits in the
position B is diagrammatically illustrated 1n
Mig. 8, the batteries being connected in series
and the electromotive forece impressed upon
the motor being double and the speed of the
armature thereby increased, no change hav-
ing been made in the arrangement or connec-
tion of the several coils of the field-magnet.

In order now to further increase the speed
of the motor-armature, I move the parts to
the position marked C, illustrated diagram-
matically in Fig. 4, thereby decreasing the ef-
feetive turns upon the field-magnet, arrang-
ing the four coils in two multiple groups con-
tmnmﬂ two coils in series in each group. In
passing from the position I> to the position C
blealﬂng or sparking of the current through
the field-coils by the commufation of the same
is prevented by a provision similar to that al-
ready described above, the contacts 12 and 14
during the movement of the switeh first rest-
ing upon the segments 53 and 62, respectively,
at which time there are interposed in the e¢lr-
cuit resistances44and 45. Thearrangement
of the circuits during this movement may be
traced as follows: from the positive pole of
batteries 23 to contact 1, segment 438, wire 42,
segment 53, contact 7, wire 41, through bat-
tery 24, wire 20, contact 2, segment 49, con-
tact 3, wire 27, field-magnet 15, wire 2o, con-
tact 14 to segment 62, thence through resist-
ance 45 to wire 29, to segment 50, contact 4,
wire 30, field-coil 19, wire 31, contact 15, seg-
ment 59, wire 32, seement 51, contact o, wire

59, field-coil 20, wire 54, contact 1.% s5e0ment
| 58, resistance 44, wire Sa; segment o2, contact
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6, wire 36, field-coil 21, wire 37, contact 11,
segment 56, contact 10, wire 35, through arma-
ture 22,wire 89, contact 9, segment 85,and con-
tact 3 to the negative pole of batiery 23, thus
completing the circuit,in which areinterposed
resistances 44 and. 45, whereby the combina-
tlon thus far has been affected without inter-
rupting the circuit or short-circuiting any

part. The completed movement of the switch

to the position K brings the contact 12 upon
segment 56, eliminating the resistance 44, and
the contact 14 upon the segment 59 eliminat-
ing the resistance 45.

The arrangement of the several circuits af-
ter the completion of the above movenient is

diagrammatically shown in Fig. 4, the field-

coils 18 and 19 being connected in series and
the field-coils 20 and 21 also connecied in se-
ries, but the free ends of the two sets or series
being connected in multiple arc across the
cells 23 and 24, which are kept in series con-
nection, the armature 22 being interposed be-
tween the coils and the cells. Iy this ar-
rangement the effective turns upon the field-
magnet are reduced one-half, thus lessening
the magnetization thereof and increasing the
speed of the armature.

If it be desired now to further increase the
speed of the motor-armature, this may be ac-
complished by further commutation of the
field-coils through further movement of the
switch to the posmon marked D. During
this movement of the segments the contacts
15 and 14 rest upon the segment 60, by which
there is interposed in the circuit the resist-
ance 46, which, in the manner already de-
seribed, prevents short-circuiting or break-
ing of the continuity of the circuit. When
this movement is completed and the segments
are brought in contact along the line D, the
resistance 46 is removed from the circuit and
the arrangement of the several parts in the
position now reached is shown in Fig. 5, the

coils 13, 19, 20, and 21 being connected in

parallel or multiple arc across the batteries
23 and 24 with the armature of the motor in-
terposed. In this position the effective turns
upon the field-magnet are reduced to cne-
quarter the number that obtain when they
are all connected in series, as in Figs: 2 and 3,
and the further decrease of magnetization in
the field thereby obtained again increases the
speed of the motor-armature.

If 1t now be desired to get a still further
increase in the speed, it can be done by
moving the parts to the position marked E,
1llustrated diagrammatically in Fig. 6. In
this position I provide and connect a resist-
ance 47 between the contacts 15 and 16, which
by thelast-mentioned movementof the switch
18 connected as a shunt across the several

windings of the field-magnet, diverting a part
of the current previously flowing through

C3

such field-windings and reduecing still more
the magnetization of the field. |

In the practice of my invention I am not
compelled to follow the exact arrangement of
contacts, segments, or details shown, for, as
will be plain to any one skilled in the art, a
great number of similar combinations of seg-
ments, contacts, and details could be con-
structed so as to produce the same results as
I accomplish without departing materially
from the spirit of my invention, and I wish
to be understood as including all such equiva-
lent arrangements as are clearly within the
scope of my claims.

What I e¢laim as new, and desire to secuare
by Letters Patent, is-—

1. The ecombination witha motorand a com-
mutating-switch, of twosources of electricity,
an armatuare-coil, and a plurality of separate
field-magnet colls on said motor, of separate
connections fromsaid field-magnet coils, from
said armature-coil and from said sources of
electricity to said commutating-switeh, sub-
stantially as described.

2. The combination with a plurality of elec-
trical supply sources, of a motor having a plu-
rality of field-magnet coils, a commutating-
switch, and connections and circults whereby
the plurality of electrical supply sources may
be placed in circuit with said field-magnet
coils, eitherin series or multiple are, substan-
tially as deseribed.

3. The combination with a plurality of
oroups of storage batteries, of a motor hav-
ing a plarality of field-magnet coils, a com-
mutating-switch,and connections and circuits
whereby the plurality of batteries may be
placed in circuit with said coils, either in se-
ries or in multiple are, substantially as de-
scribed.

4. The combination with a commutating-
switch, segments thereon, contacts in connec-
tion therewith, a motor, and a plurality of
field-coils on said motor, of resistances comn-
nected between said segments in such man-
ner that commutation of the field-coils in se-
ries, in series multiple, and in multiple are
may be effected without either short-circuit-
ing or interrupting the continuity of the cir-
cuit, substantially as deseribed.

5. The combination with a plurality of elee-
trical supply sources, of a commutating-
switch, a motor, a plurality of separate field-
magnet colls on said motor, an armature-coil,
and separate connections from sald armature-
coil, from said field-magnet coils, and from
each of said electrical supply sources to said
commutating - switeh, substantially as de-
seribed.

FRANK B. RAK.
Witnesses:
~ HESTER B. BAIRD,
PAUL SYNNESTVEDT.
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