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To all whom it may conceris: |

Be it known that I, JoHN C. IIENRY, a citi-
zen of the United States, residing at Denver,
county of Arapahoe; State of Colorado, have
invented certain new and useful Improve-
ments in Electric Railways, of which the fol-
lowing is a specification. |

This invention relates to improvements in
electric railways; and its object is to provide
means for changing the armatures of a two-
motor car eqmpment from series to parallel
relation without excessive changes or fluctu-
ations of current strength, to provide means
for throwing the armatures or electromotive
devices temporarily out of action at any de-
sired point or at more than one point in the
operation of the controller;, and to provide
means for largely increasing the strength of
the field-magnets in certain emergencies.

My mventmn is particularly mtended for
use in connection with a system wherein the
armatures and field-magnets are energized
by independent eireuits——-—that 18, are sepa-’
rately excited—although some of 1ts features
are not limited to such a system.

In changing the motors from series to par-
allel I arrange to break the armature-circuit
at a time when the fields are weak and to
connect them in parallel while the fields are
strong, and in thus connecting them 1n par-
allel T prefer to connect them one at a time
across the circuit and to use some means to
check the current in the one which 1s con-
nected later, as by inserting resistance in 1ts
circuit or by 5111361‘enel*ﬂ'171nrr1ts field-magnet.
This last may be effected, in systems Wherem
the field-magnets are connected in series in
an mdependenb circuit, by shunting the other
field-magnet with a 1‘681813&]166, so as to en-
able more eurrent to flow to the non-shunted
ield-magnet. The armatures, however, may
be eonnec‘ued to the circuit sunultaneously
through a resistance or resistances.

In some emergencies it is desirable to |
strongly increase the power of the field-mag-

nets, so as to meet unusual conditions, as in
pushmﬁ‘ a disabled car up a short heavy
orade or when an emergency stop 1s to be
made. For this purpose I provide a switch

independent of the controller whereby the
field-magnets may.be changed from series 1o
parallel 1‘61‘11;1011 thus larg ely increasing the

| nﬂ‘-sw*lteh and i

field strength. In view of the desirability of
bringing this switeh into action in eniergency
s‘mps I prefer to associate it with the usual
reversing-switch. Means are preferably pro-
vided for making this change gradually by
the insertion and withdrawal of resistances,
and I also prefer to provide means for auto-
matically returning the aforesaid switch to a
position puttmf’f the field-magnets in series
as soon as the handle 1s 1*ele:5used
- With controllers now in use 1t 1s necessary
when it is desired to break the cireuit to move
the controller back all of the way to the start-
ing-point. Insomecases,asincoasting down
a grade, it may be deswa,ble to break the cir-
cult at an intermediate point of the controller
or even at the highest-speed point, so that
when connection is again established the mo-
tor may continue to olt)erate under the same
accelerating influences as before. 1 there-
fore_arrange at any appropriate point 1n the
controller—as, for example, between the se-
ries and parallel positions—to break the con-
nections of the armature-circuit or the cir-
cuit of the electromotive devices, 1t being un-

derstood that this feature of my invention is

apphe&ble as well to the usual series-wound
motors as to the separately-excited motors,
to which it is herein applied. Imay also ar-
range to similarly break the cireuit of the
eleotromotwe devices at or about the high-
est-speed position of the controller.

In the accompanying drawings, which form
a part of this specification, I‘lﬂ*ure 1 is a dia-
oram showing the eontloller a,nd the revers-
ield-magnet-circuit changer
in development and thelr connections with
the motors and operating-circuits. Fig. 2 1s
a similar diagram of the 1’*6?0151110*-81?113011 and
Teld- mawnet-cwemt changer. I‘lﬂs 3, 4, and
5 are dlaﬂl‘ams showing the (311‘(311113 conneec-
tions establiS]ied by the controlling devices
in the successive positions which are respec-
tively in line with the several diagrams.
Figs. 6 to 9 ave top views of the reverser and
ﬁeld magnet-circuit changer, showing differ-
ent pomtwns thereot, with fapecm,l 1eferenee
to the antomatic 10L1_1r11 device for same.

The controller. C' comprises contacts c,
which are mounted on a cylinder and oper-
ated in the usual manner to control the mo-
tor-circuits.
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a' and a® are the armatures of two motors
of a car equipment, and I F? are the corre-
sponding lield-magnets.

ABCDERFGIIIJIXLMN Orepresent
fixed terminals engaging with the contacts
¢ of the controller and connected with the
said armatures and feld-magnets with resist-
ances R I3* R° IR* RS and with line connec-
tion or trolley ¢ and ground connection & in
the manner indicated.

Drepresents the reverserand field-magnet-
cireuit changer, having movable contaets d,
which may be mounted in the nsual manner
on a cylinder, as indicated in Tig. 6, and
fixed contacts 51 32 33 34 35 36, which are
connected to the field-magnets toline and to
resistance 1% in the manner indicated.

In the positions of the controller and re-
verser suown in Ifig. 1 the circuits are all
broken and there is no current flowing. By
tarning the reverser to the line of contact in-
dicated at 21 in IMigs. 1 and 2 the field-mag-
net circuit is closed. This cirenit leads from
line connection £ through wire 50 to contact
50, through the reverser to contact 37, by wire
ol to field-magnet I, thence through wire 52
to contact 50, through the reverser to contact
59, through wire 535 to magnet 12, and thenee
through wire 54 to contact 34, through the
reverser to contact 81, and through wire 55 to
contact J, whence connection exists through
resistances I3 R° I¥* to ground-contact & of
the controller. Ifnowthecontrollerbe turned
toposition 1, the resistances R R3Rtare short-
circulted and atthesame time the armature-
circuit is closed from line connection #, wire
o0, resistance IR, contact €, through the con-
troller to contact I, through armature o to
contact It, through the controller to contact T,
and through armature a*to ground-contact G.

I prefer tosimultanecusly shunt one of the
fleld-magnets, as I, by resistance RS, con-
nected to contacts Land O, engaging with in-
terconnected contactsonthe controller. This
position of the controller is the normal start-
ing position. 1o inerease the acceteration,
the controller is turned to position 2, which
short-circuits resistance R’ from the arma-
ture-circuit, and then to position 3, which
breaks the shunt around the field-magnet T,
Positions 4, 5, and 6 sueccessively insert re-
sistances ' R? IR? in the field-magnet circuit.
The field-magnoets are now extremely wealk,
giving a very high accelerative effect. The
next change to position 7 breaks the arma-
ture-cireuit and may, as shown, also close a
shunt, including resistance IR%, around mag-
net i, asbefore. Thenextposition sstrongly
Increases the field magnetization by cuttin o
out resistances ' ¥ I3* from the field-mag-
neteircuit directly across the supply-civeuit—
that is to say, between line and ground. In
position 9 armature 2 is connected across the
mains under the strong field ¥  Position 10
connects the other armature o', preferably in-
serting a resistance R’ in its cireuit, and PO-
sition 11 cuts out this resistance.

operations the circuit of the armatures is
broken while the magnetic ficlds are wealk
and closed while such ficlds arve strong, and
this results in a graduation of the change
from series to parallel, the ineclusion of the
resistance in the armature-cirenit having a
further effect in the same dirvection. The
succeeding positions 12, 13, and 14 succes-
sively break the shunt around field-magnet
I and cut in inercasing amounts of resist-
ances 1n the field-magnet cireuit, thus fur-
bhier acceelerating the motors.

It will be noted that in positions 7 and 8
between the series and parallel positions the
circuit through both the armatures is broken.
I'he object of this was stated above, and for
a similar reason a breaking position 15 may
be provided after the last or maximum ac-
celeration position. In this position 15 the
circuit of all the armatures and field-magnets
is broken. In either case, however, the eir-
cuif is broken in such & manner as to put the
motor out of action and allow the ear to run
without either aceclerating or retarding of-
teet from the motors. My invention in this
connection covers the breaking of the electro-
motive cireuit of the car at a point or points
other than the usual starting-point, irrespee-
tive of whether the civcuit of the armature
alone or of the whole motor is hrolen.

4he reversing deviee D' was deseribed as
being turned to position 21, placing the field-
magnets in series. IMig. 2 shows more clearly,
in connecbion with Ifigs, 4 and 5, the o NEIVIE
tion of this field-magned reverser and cireuit-
changer. Position 22 places the field-mag-
nets I I in parallel with one anotbher, the
circult from both of same to ground, however,
including the resistance 137, which is con-
nected to contaets 52 33 by wirves 58 59. The
extreme position 25 of the reverser connects
the field-magnets direetly across between line
and ground without extra resistance. The

effect of these changes is to enormously in-

crease the field magnetization, with the re-
sults above specified, this effect being ren-
dered somewhat gradual by the intermedinte
resistance-step 22, Tor reversing the motors
the controller is turned in the other direction
and positions 21* 22* 23* produce circuit con-
ditions corvesponding to 21 22 23, except that
the direction of current through the field m a0
nets 1s reversed.

Higs. 6 to 9 show the automatic return
mechanism for the reverser. The handle
of the reverser or the shalt @ thercof has a
flat spring-arm P fixed thereto, and said arm
1s capable of engaging with pins p ', placed
at either side of the mean or central position
of sald arm, but sufliciently removed from it
to enable the roverser to be turned [reely
Lrom the central or “break” position, Fiw. 6,
to the first position in either side, asin Ifig,
/7, putling the field-magnets in sories, which
is the normal working position. In cascs of

emergency the reverser is turned farther to
>y these | the position indicated in Figs, 8 and J, these
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positions putting the field-magnets in multi- | in separate cireuits, of a controller for placing

ple, as above desecribed, and as soon as the
reverser passes the series position the spring-
arm P comes into action, striking pin p or p’

and being bent by the further rotation of the

reverser, so that as soon as the reverser-han-
dle is released the spring P in straightening
will return the reverser to the series position,
Fig. 7. This return action 1s indicated by
the arrows in Ifig. 2.

Having thus described my invention, the
following is what I claim as new therein and
desire to secure by Letters Patent:

1. The combination in an electromotive
system for vehicle propulsion, of two motors
having their armatures and field-magnets in
separate circuits, a controller for controlling
the operation of such motors, and a supple-
mentary switch and connections arranged to
connect said field-magnets in series or in par-
allel, substantially as and for the purpose set
forth.

2. The combination in an electromotive
system for vehicle propulsion, ol two motors
having their armatures and field-magnets in
soparate circuits, a controller for (3011131‘011111@
the operation of such motors, and a supple-
mentary switch and connections arranged to
connect said field-magnets in series or in par-
allel, and to reverse the connections of said
field-magnets.

3. The combination of an electromotive
system for vehicle propulsion, of two motors
having their armatures and field-magnets in
separate circuits, a controller for controlling
the operation of such motors, and a supple-
mentary switch and connections arranged to
connect said field-magnets in series orin par-
allel and to vary the I‘BSISEHHOB of the field-
magnet circuit, when said magnets are in par-
allel substantially as and for the nurpose set
forth.

4. The combination with two electric mo-
tors havingtheir field-magnetsand armatures
in separ ate circuits and a L controller for regu-
lating the field-magnets and armatures there-
of, of 2 Supplementfﬂ switch arranged to in-
dependently vary the resistance ot smd leld-
ma,ﬂ‘net cireuit.

The combination with two electric mo-
torg having their &1‘111&13111‘@8 and field-magnets

the armatures of such motors to the circult
in series or parallel relation, said controller
comprising means for regulating the strength
of said field-magnets and means for breaking
the series armature connection and discon-
necting the armatures from the circuit when
the field-magnets are weak and connecting
them in parallel when the field-magnets are
strong.

6. The combination with two electric mo-
tors having their armatures and field-magnets
in separate circuits, of a controller for con-
necting the armatures of such motors to the
circuit in series or parallel relation, said con-
troller comprising means for regulating the
strength of said field-magnets and means for

‘breakingtheseriesarmature connection when

the field-magnets are wealk and connecting
them in parallel when the field-magnets are
strong, such means being adapted to close the
parallel connections of the two armatures suc-

cessively.

7. The combination with two electmo mo-
torshaving theirarmaturesand field-magnets
in separate circuits, of a controller for placing
the armatures of such motors in the circuit
in series or parallel relation, said controller
comprising means for regulating the strength
of said field-magnets EL'[ld means for breaking
the series armature connection when the ﬁeld—
magnets are wealk and connecting them 1n
parallel when the field-magnets are strong,
such means being adapted to close the par-
allel connections of the two armatures succes-
sively and to initially check the current in the
armature inserted later, as by inserting re-
sistance in its circuit.

8. The combination with two electric mo-
torshaving their armatures and field-magnets
in separate circuits, of a controller adapted
to place the armatures of such motorsin con-

' nection with the cirecuit in series or parallel

relation, and to break the connection of both
armatures at a point between the series and
parallel positions.

JOHIN C. IIENRY.

Witnesses:
JAMES A. KELION,
M. . LLOoYD.
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