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"UNITED STATES

PaTENT OFFICE.

" CHARLES S. BRADLEY,

OF YONKERS, NEW YORK.

CONVERTER SYSTEM FOR ELECTRIC RAILWAYS.

SPECIFICATION formiﬁg‘ part of Letters Patent No. 508,807,7 dated November 14,1893,
Applicat.ion’ﬁled May 31,1887, Serial No. 239,786, (No model.)

To all ivhom it may concermn:

Be it known that I, CHARLES S. BRADLEY,
of Yonkers, Westchester county, New York,
have invented a new and useful Improvement
in Electric Railways, of whlch the followingis
a specification.

The object of this invention, which is espe-
cially applicable and 1mp0rt(mt in ordinary
street or surface railways, though applicable
to electric railways of all kinds, is to enable
the ordinary rails ot the track on which the
car travels to supply the current for driving

. the cars, by feeding the rails- with a current
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.. of such low electro-motive foree that the dan--
15

ger of shock to animals, and the loss by leak-
age in wet weather or otherwise is avoided;
and accidental short-circuiting between the
rails becomes a matter of less importance;

.and to aceomplish this withoutinvolving very

large copper or other conduectors fo convey
the necessary electrical energy from the sta-
tion’ where it is generated to the movingcars.

By my invention I am enabled to make use
of ‘the rails of ordinary horse-car or other
street roads now in use to supply thedriving
current to the cars without the necessity of
tearing them upor changing them in any ma-
terial way. To accomplish. this I have de-
vised a system in-which thé cars or vehicles

runningon the track take their supply of cur-’

rent directly from the ordinary track rails in
the form of a current of very lowelectro-mo-
tive foree, and the eléctrical energy is con-

‘veyed.from the generating station or source

of supply in the form of a eurrent of com-
paratively high electro-motive force and con-
verted at pomts along the track into the low
electro-motive force current which is fed to
the rails. The low electro-motive force cur-
rent taken up from the rails by the moving

cars or vehicles is then used either dlrectly ]

to drive the car; or is reconverted into a.cur-
rent of comparatively high electro-motive

‘force, which is used to drive the car.
I will deseribe my invention by reference to.

the accompanying drawmgs, in which—
Figure 1 is a plan view of a track, showing
the conduetms and apparatus for supplying
the rails with the current, aeeordmg to my
invention.  Fig.2isa deta11 view of the same,

showingan improved form of converter which

-ply of electric current.

Thavedevised to convert the high electro-mo -
tive force current into a low electro-motive
foree current. Fig. 3 is a view in section of
the converter on the plane 3, 3. TFig.4isan-
other form of converter; and Fig. 5 is a plan
view of the track and-the driving machinery
of the ear, constructed according to my inven-
tion.

A and B represent the r. ailsofa track, which
may be any kind of track -theordinary iron
or steel rails of a horse-car or-other railroad,
for example. Alongside or between the rails
of the track I lay current-conveying condue-
tors, C D, which extend to and are connected
with the generating station or source of sup-
These conductors
may be arranged overhead or alongside of the
track, but preferably underground alongside
of or between the track rails, or under the
pavement in a proper conduit. Theyare fed
with a current of high electro-motive force
from a suitable dynamo-machine or source of
supply at the generating station. T have
shown them connected with ‘an alternating
current dynamo ‘machine, so that they are
fed with an alternating current of high elee-
tro-motive force,—say a thounsand or several
thousand volts. These conductors may be

‘made of copper or of any other material

of the necessary conduetivity, and need only
be large enough to carry the required amount
of electrical energy of the given volts to op-
erate the cars without too much loss of
current due to remstance, and without over-
heating; the -nécessary size depending of
course upon the -electro-motive force of the
current used, and the amount.of power re
quired to ODerate all the carsatany one time.
The higher the electro-motive force of the

'cumenb used the smaller can these conduc-

tors be made, both on account of the less am-
péres they- will be required to carry to supply
a given power, and on account of the lessloss
of current in them due to resistance. By
using a current of quite high electro-motive
force,—say over a thousand volts—I am en-
abled to convey the required amount of elec-

-trical energy to operate the number of carsin

the form of a current of so few ampéres, that
only a very small copper conductor,or a mere
wire, will be required. For example, if there
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are—say fen cars to be supplied from the
same set of conductors requiring five horse-
power each, with an efficiency of sixty per
cent., and an electro-motive force of twelve
hundred volts to be used, the capacity of the
conductors need only be sufficient to carry
fifty ampéres in order to furnish the required
fifty horse-power. At points along the track
I arrange converters F F, or transforming
apparatus, which are connected with and fed
from the conductors C D, and may be placed
at any desired points above or below the
ground.  The primary coilsorcireunitsof these
converters are counected, as stated, with the
feeders C D, and their secondcu v e01ls or cir-
cuits are conneeted directly with the rails
from which the cars take up the current. If
theordinary rails of the track be used for this

purpose, the seeondary coils of the converters,

are-connected, one end with one rail, and the
other end with the other rail, as clearly shown,
The connections with the rails may be made
at anydesired points along the track, and as
frequently as desired; depending upon vari-
ous conditions; but in order-to avoid-the ne-
cessity of ‘carrying any current through the

joints: of the rails, I provide connections at’

everysecond-joint of the rails,asshown, mak-

" ingthe connection with the rails on each side of
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the joint,sothatthe current passes both ways,
and.the same connection feeds the rail for-the
length of one rail either way, as clearly shown.

The- ordinary track rails being thirty feet;

long, this-would make the connections to the

would be reguired to pass through the ordi-
nary jointsin the rails.
provision would have to be made to-connect
the rails with eaeh other, which would be
-very.difficult, if not impossible, with the use
of such extremelylow electro-motive forces as
can be used in mysystem. If desiredasepa-
rate converter may be used at each point
where connection is made to the track rails,
as I have shown in Fig. 1; or-several connee-
tions may be taken from the same converter.

The converters or transforming apparatus F-

F are constructed so as to convert the high
electro-motive foree currentsupplied to them
by the feeders:C D into currénts of extremely
low-electro-motive foree; and it is these very
low-electro-motive force currents which are
supplied to the rails of the track, and taken
up therefrom by the moving cars.
-erly-constructing the converters in the well-
known manner, the electro-motive force of
the original curxent may be reduced to an)
deswed extent,—to only a very few, say five
volts or less—so that the, electro-motive foree
‘between the two rails of the track is so low
that no material loss results. by leakage be-
tween the rails, even in wet weather, or from
other. causes, short - circuiting between the
rails becomes a matter much less serious, and
all.danger of shoek to animals is avoided. If
the rails themselves were used to econvey the

rails about sixty feet apart, and no current.

Otherwise a special’

the track rails A B, as shown.

By prop-

508,807

eurrent-from the generating station, the cur-
rent would have to pass through the joints of
the rails, and special connections would have
to be made between the abutting ends of the

rails for.this purpose, and the loss of electri-

cal energy resulting from the resistance of

the joints and the rails themselves, provided -

a current of comparatively low electro-mo-
tive force were used, would be too great for
practical use, besides which the ampére-car-
rying capacity of the rails and their joints
would be far too limited, and the joints
would be in danger of overheating, due to an
increase in their resistance, whereas by my
invention I am-enabled to supply the cars di-
reetly from thé railsof the track with a cur-
rent of such a low electro-motive force as to

‘be unobjectionable in streets and other locali-

ties; to avoid the necessity of passing thecur-
rent through the joints of the rails;.and to
convey the current from the generating: sta-
tion to the tracks in a way which-does net re-
quire large and expensive copper-.conductors,
and with only a small and permissible loss.of
electric energy.

In Fig. 2,1 have shown a more detfailed
view of the frack rails and:connections, and
a very simple and inexpensive form of. con-

-verter which I have devised, applicabie to this:

purpose. G is the primary coil or conductor
of the converter, which I make in the form
of an oblong coil composed of the proper num-
ber of turns to-suit the electro-motive force
of the primary current which is fed toit from
the feeders-C D. The two straight parts.of
this coil are surrounded by ecopper or other
metal tubes I H, which are connected to-
gether at.one end by a copper collar I,s0 that
the tubes are eleetrically in series. These
two copper tubes in series form the secondary

«conductor of the converter, and are connected

at their ends by heavy copper conduectors J
J with suitable chairs.or econnecting deviees
whieh make proper-eleetrical connection with
These copper
tubes H H are ma.de of a sufficient length to
give the required-electro-motive force for the
rail current, and .of a sufficient cross-section
to carry the required number of ampéres.
Surrounding the copper tubes -or envelopes

.are shells or tubes:of iron K K for concen-

trating the lines of force, which should of
course be laminated at right angles to the
length of the tube, and may convemently be
formed of iron wire wrapped around the tubes,
as shown, and having its econvolutions insu-
lated from one another.
change of the current in the pritary eoil G
inducesan alternating currentin the tube or
secondary conductor H H, the electro-motive
force of which is extremely low compared
with that of the primary eircuit; the amount
of reduction being determined, as is well-
known, by the relative lengthsof the primary
and secondary conductors. acting upon each
other in the converter. The converters may

The alternation or’
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- car and slid along in constant contact with
These brushes
~or sliding contacts may be made of copper.
.sheets or wires, and finely divided so as to.
bear upon the rail surface and make contact.
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well beinclosed in water- tight cast iron boxes,,

as I have shown, so that they can be placed
under grotind.

In Flcy 4 T have shown another form-of con-
verter, in which the primary and secondary.

conductors consist-of two coils of relatively

coarse and fine wire, H and G, wound upon’

the same laminated iron ring.
Fig. 5 shows the apparatus upon the car,

whleh I have devised.for taking up the low
tension eurrent from the track ralls and ap-
plying it to the work of propelling the car.

The current may be taken up from the track
in various ways. I have shown for this pur-
pose brushes L L which are mounted upon the

the clean surface of therails.

over.a considerable area, andin snowy or wet
weather they may be preceded by scrapers or
sweeping devices which clean the surfaces of
the tracks, orthe necessary connections with
the rails may be obtained by means of spe-
cial rollers or by the wheels of the car itself,
which latter plan of taking up the current I
have also represented, t_he tires of the driv-

/ing wheels on the car axle being insulated

from one another and the current bemff taken
from the wheels by suitable brushes bearmw
thereon,and mounted upon thecar,as I have
mdlca,ted by dottedlines. The currenttaken
up from the track rails may then be conveyed
either through an electric motor of a proper
constructlon to be operated by such alow volt
circuit current, or it may be passed through
the primary cireuit M of a converter carrled
by the car itself, and there reconverted into a
current of hwher electro-motive foree, what-
everit is desired to operate the motor with, as
I haveshowninthedrawings. To accomphsh
this and to enable the speed or power of the
motor to be easily and efficiently controlled, I

construct the converter so that its secondary

coil or cirenit is divided up into a number of
sections,whicharerespectivelyconnected with
the points of aswitch P, and which may be ar-
ranged in series, as shown, so that the turning
of the switch throws more orlessof the sectlons
intothe motorcireuitinseries, thereby varying

the electro-motive force of the current sup-.

plied to the motor. This secondary control-
lable current may be fed either direcily to a
motor eapable of being opelated directly with
an alternating eulrent or it may be first rec-
tified and then fed to an ordinary continuous
current electric motor Q, which drivesthe car,

. ‘as I have shown.
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In anapplication filed by F. B. Crocker and
C. G. Curtis April 25, 1887, Serial No. 235,990,
there is described an electrie motor adapted
to be operated directly by anh alternating cur-
rent, and such  a motor. as that may be em-
ployed to drive the car, and fed directly from
the secondary of the converter, but it may

" be desirable to employ a continuous current

motor, and feed it-by rectifying the alternat-
ing current obtained from the secondary of
the converter. To aceomphsh this, any suit-
able means for rectifying the current may be
employed. I have shown for this purpose a
rectifying switeh or commutator R, operated
by a little constantspeed alternatmg current
motor S, which is fed from an independent

?secondary coil on the eouvelter, as shown.

This little motor which requires. only power
enough-to turn the commutator R, is provided
with a permanent-magnet field, and being op-
erated byanalter natmo' eurrent will onlv run,
as is well-known, at'a eelt(mn speed, and will
preserve exactly that speed. By making the
sections of the commutator R of the proper
number and in the proper positions to agree
with the reversals of the seeondary eurrent
the commutator. R will work in unison w1th,
the alternationsof the current and operateto
reverse the connections with the motor syn-
chronously with the reversals of the second-
ary current, so that the current always passes
through the motor Q in the same direction.
The motor Q being mechamcally counected
by a sprocket belt, for example, orinany other
satisfactory way with the driving wheels, the
motive power for propelling the car ls thus
supphed

In my system of conveying the eleetucal
energy from the generating station or source
of supply to the moving ears or vehicles, a
continuous or intermittent or any other form
of electric currentor energy may be employed

instead of the alternating current to convey.

the power from the generatm g station to the
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point or points where it is converted into a

current of different electro- motive foree which’
is'supplied to the rails or conductors from
which the traveling vehicles take their ecur-
rent; and the conversion of the electrie cur-
rent flom a current of high electro-motive

force into a current of 10w electro-motive

force can be effected by various forms of con-
verters or transforming apparatus and in
various ways. It may be preferable under
some conditions to employ a continuous cur-
rent to convey the electrical energy from the
generating station to the converters, and the
conversion may be effected among other ways
by varying the current or ploduelno" inter-
mittent changes in it.

My mventlon is also apphcable to. cases

where the moving cars or vehleles,mstead of
taking their supply of current from the track.
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rails, take their supply of current from over- -

head or other conduetors or rails extending
parallel with the track.in which ecases sueh.

overhead or extra- conductors would be sup-
plied from the converters in the same way as

1 have shown the ordinary track rails sup-

plied. For example my invention, may be
applied to electric railways in which the ears

take their supply of current from overhead

suspended naked wires or conductors. These

~wires or conductors being exposed or in
dangerof having somethlnw come in electrical

132
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contact with them, can be supplied with the
comparatively low tension current by the
converters, according to my invention.

What I claim as my.invention, and desire
to secure by Letters Patent, is—

1. The combination of a generating station
or source of supply of eleetric energy, electric
feeding conductors supplied thereby and ex-
tending along theline of a railway, track rails
formed of jointed sections or lengths in the
usual way, ears adapted to travel thereon and
provided with electrie propelling apparatus

and means for taking the supply of current’

from the track rails, and electric connections
at-every second joint of the rails on each side
of the joint for supplying the. current far-
riished by the feeding conductors to the rails
at these points, thereby avoiding the neces-
sity of passing the current through the ordi-
nary rail joints.

- 2. In an electric railway system, the com-
bination of a stationary source of electricity,
atrack or roadway insulated feeding.condue-
tors extending along the latter and supplied
from said source with an alternating or inter-
mittent current of high electro-motive force,
secondary or working conductors also extend-
ing along the roadway, electrical transform-
ing devices arranged at intervals along the
roadway and having their primaries in circuit

with said feeding eonductors and their seeon-
daries connected to said working conductors,
an electric motor on a vehicle, and a second

‘transformer carried by said vehicle and hav-

ing its primary and secondary in eireuit re-
speetively with the working conduectors and
the said motor, substantially as set forth.

3. In an electric railway system, the com-
bination of a stationary source of electricity,
a track or roadway, insulated feeding con-

‘ductors extending along the latter and sup-
‘plied from said source with an alternating or

intermittent current of high electro-motive
force, secondary or working conductors also
extending along the roadway, electrieal trans-
forming devices arranged at intervals along
the roadway and having their primaries in
cirenit with said feeding conductors and their
secondaries connected to said working con-
ductors, an electric motor on a vehicle, and
a second transformer carried by said vehicle
and having its primary and secondary in eir-
cuit respectively with the working condue-
tors and the said motor and having a switch
for varying the resistance of the secondary of
said transformer, substantially as set forth.
CHARLES 8. BRADLEY.
Witnesses:
CHARLES G. CURTIS
CHASs. J. MAGUIRE.
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