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(No model.)

To all whom tt may conceri.:

Be it known that I, Brox J. ARNOLD, a citi-
zen of the United States, residing at Chicago,
in the county of Cook and State of Illinois,
have invented a certain new and useful Im-
provement in Systems of Klectrical Distribu-
tion, of which the following is a full, clear,
concise, and exact description, reference be-
ing had to the accommpanying drawings, form-
ing a part of this specification.

My invention relates to systems for the elec-
trical transmission of energy, being of par-
ticular service in the operation of electric rail-
ways, and has for its object the provision of
an improved system of this kind wherein a
minimum amount of copper is requisite to con-
vey the electrical energy and wherein the va-
rious circuifs of the transmission system are
to a great extent balanced.

As my invention has a most important use
in connection with electric railways, I will
describe my invention as i1t may be embodied
in an electric-rallway system, which system 1
prefer to supply with electrical energy from
a sultable source of polyphase or multiphase
current, the terms “" polyphase” and *" multi-
phase” being understood as synonymous. 1
prefer to employ a three-phase system of dis-
tribution, which 1 prefer to associate with va-
rious trolley conductors along the line of the
electric railway and the ground-return in such
manner that vehicles alonﬂ sald electric rail-
way are supplied with smule phase alternat-
ing current when operated “under normal con-
dltlons |

A further feature of my invention consists
in the provision of means whereby additional
power may be supplied to the motors driving
the vehicles over that which could normally
be obtained from a main trolley-circuit. In-
strumentalities for this purpose are prefer-
ably provided at those portions of the right
of way at which there is a considerable ascend-
ing orade or at such other points in the line
where an especially heavy load will be placed
upon the motors during their operation, as at
stations to aid in startineg. The motorsupon
the vehicles preferably are so constructed that
they operate efficiently when normally run-

ning single phase with the main trolley or

I working conductor construction and also op-

erate eff ciently (while exerting a greater
torque, however) when associated with a main
trolley conductor-circuit and the means for
supplying the additional power. To accom-
plish this result, 1 prefer to utilize single-
phase motors upon the vehicles, which motors
are preferably in some suitable manner ar-
ranged to be self-starting and to supply a rea-
sonably strong starting torque and which mo-
tors are adapted to operate efhciently when
supplied, for example, with two-phase alter-
nating current, which adcditional phase is suit-
ably conducted thereto through the agency of
auxiliary trolley conductors.

The vehicle traction-motors (constituting
one form of translating means that may be
supplied with power according to my inven-
tion) are supplied with current alternately
from the different circuits of the system, so
that the energy consumed isequalized between
the variouscircuits of the transmission system,
and 1 accomplish this through the use of buta
single - trolley mechanism. The manner In
which I prefer to construct the trolley conduc-
torsystem so thata balance of the transmission
system may be normally attainable consists in
subdividing thetrolley conductorsintoisolated
sections and connecting alternate sections to
unlike transmission-conductors of the system.
I electrically unite another transmission-con-
ductor ot the systemm permanently with a
ground - return to provide a return-circuit,
thh as a general proposition, includes the
rallsupon which the vehicle is to operate. The
vehicle thus at one time receives power from
two of the mains of thetransmission system 1n-
cluded in one of the circuits of the multiphase
transmission system and at another time re-
celveslitscurrent from the mainsof another cir-
cuit of the system, which conduct cuarrent of a
different phase. Thusthe véhicle-motor while
normally operating receives none but single-
phase alternating currents from the transmis-
sion system. In order to accelerate the op-
eration of the vehicle or to increase the torque
of the motoractuating thesame, I provide aux-
1liary current-conducting means or trolley, so
that a vehicle at such portions of its road-bed
may be supplied with additional power by re-
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celving current simultaneously from the main
and the auxiliary trolley conductors, which are
preferably electrically connected to separate
mailns of the transmission system, so that out-
of-phase currents are supplied to the vehicle-
modtor.

I prefer to employ an additional conducting
or third rail as the auxiliary trolley conductor
to supply the additional phase to operate the
vehieles when under heavy load. In order to
provide a safe construction for said auxiliary
current-conducting rail to avoid accidents to
persons or anlmals crossing the right of way,
I interpose a transformer between said third
rail and the conductors of the transmission
system from which 1t derives its current,
whereby current 1s supplied to the third 1‘111
at a voltage sufficiently low to preclude the
possibility oif any disastrous results when per-
sons or animals accidentally form connection
between said third rail and the ground-return
rails. 1donot wish to limit myself to the use
of transformers nor to the employment of a
third rail as an auxihiary trolley conductor.

I preterably so arrange the controller sys-
tem by means of which the travel of the car
1s regulated that but one operating-handle
need be employed to effect normal regulation
of the speed of the driving-motor and also to
regulate 1ts speed when the additional phase
1s required to furnish additional power. Any
suitable self-starting single-phase motor may
preferably be employed, whose construction
and circuit arrangement I may then vary, if
necessary, 1n accordance with my invention
by placing additional windings thereon cor-
responding to the additional phase, or a mo-
tor may be employed which, while not inher-
ently self-starting, 1s provided with means
whereby the same 1s brought to speed, in
which case I may again reconstruct or re-
adapt said motor for operation in my Iim-
proved system.

Kurther objects and advantages of my sys-
tem will be enumerated hereinafter.

One embodiment of my Iinvention is shown
in the accompanying drawings as applied par-
ticularly to a three-phase transmission system
employing self-starting single-phase motors
that may be supplied with current both from
an overhead trolley-main and, if desired, a
third-rail trolley. ~

In the drawings, Figure 1 shows diagram-
matically a power-transmission system con-
structed in accordance with my invention.
Fig. 2 shows a modification of the system dis-
closed In Fig. 1. Fig. 3 is a diagrammatic
view illustrating the method of speed con-
trol. Iig. 4 1s a cross-sectional view of a
motor on line 4 4 of Fig. 3. Fig. 5 isaview
In eievation of the armature which I prefer
to employ 1n connection with my improved
system, and Kig. 6 is a view of a complete
car adapted to operate In my improved rail-
way system.

‘mission-main 4 and the sect:
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Like parts are indicated by similar charac-
ters of reference throughout the different fig-
ures.

In Figs. 1, 2, and 3 I have shown a three-
phase alternating-current generator 1 sup-
plyinge current to the transmission-mains 2,
3, and 4, the style of generator shown being
1n this mstance provided with an armature
havinge the Y system of connection. One of
the transmission-conductors, 3 in this particu-
lar instance, 1s electrically connected with a
oround connection comprising a continuous
rail 5 of the road-bed,along which cars 6 6 are
designed to travel. The cars 6 are provided
with trolley-poles 7, which are adapted to en-
gage the trolley-wire included in the con-
ducting-circuits of my improved construction
for supplying current to the cars.

In order to so arrange the trolley conduc-
tors that the distribution of current between
the various circuits of the polyphase trans-
mission system 1s macde as uniformas possible,
I subdivide the said trolley conductors into
isolated sectionsand connectalternate sections
with the same transmission-main, thus form-
ine two scts of trolley conductors when my
invention is applied to three-phase systems
of distribution., one set comprising the trol-
ley conductors 8 8 8 and the remalning set
comprising the trolley conductors 9 9 9, the
various sections 1n combination constituting
a main. I electrically associate alternate sec-
tions of the trolley-mains with the same trans-
mission-main, as shown in the drawings, the
sections 8 8 8 being connected with the trans-
ons 9 9 9 being
connected with the transmission-main 2, while
the oround return, comprising the rail-sec-
tions 5, 1s electrically united to the transmis-
sion-main 3. 1t will thus be apparent that
the cars 6 6 1n operating along the right of
way receive current alternately from trol-
leyv-sections 8 and trolley-sections 9, so that
sald cars are at onc timc—that 1s, when the
trolley wheel or contact is 1n association with
a conductor-section 8—included in a circuit
of the generator 1 supplied by the mains 3 4
and at another time—that 1s, when they re-
ceive current from the sections 9—included
in another circuit ot the generator supplied
by thetransmission-mains 2 3. When a num-
ber of cars are continuously operating along
the right ot way, the power derived from a
polyphase generatorand utilized in propelling
said cars 1s very evenly distributed between
the circuits of the transmission system, and I
obtain this advantage through the use of but
a single line of trolley-wire, which 1s adapted
normally to supply current to the cars.

I find that in practice it is frequently de-

sirable to accelerate the speed of the vehicle
above the normal along some portions of the
richt of way or to maintain the normal speed
of sald vehicle even though excessive load be
placed upon the motor of the vehicle, as would
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“be the case, for instance, when sald vehicle 1s

started or ascends a grade. In order to do
this, I provide auxiliary means at these por-
tions of the right of way, which auxiliary
means are adapted to supply additional power
to the driving mechanism of said vehicle over
that which 1s normally obtainable from the
main trolley-wire. The meanswhich I prefer
to employ includes an auxiliary conductor-
circult in the form of a trolley-conductor third
rail 10, insulated from the ground return-cir-
cuit of the system, and I electrically energize
sald third rail from a transmission-main other
than the one which 1s electrically associated
with the trolley conducting-section parallel-

ing or running alongside of said third-rail

section. The length of the sections of the
supplemental trolley conductors or third rail
will of course depend on the local conditions—
as, for instance, upon the number of cars op-
erating in the system, their speed, and the
number of grades and stops. When the car
is thus being supplied with energy from the
maln trolley wire or conductor and also from
the third rail, alternating currents of two
phases may be supplied to the motor, thereby
to cause the said motor to develop a torque
which 1s 1n excess of that under which the
motor 1s adapted normally to operate, but
which 1s in conformity with the increased load
which said motor 1s called upon to move.

I prefer to employ a third rail as the auxil-

J1ary trolley conducting-circuit, so that the

35

40

cars need not be provided with double over-
head-trolley pole equipment, the shoes 11 of
the car 6 being so placed as to readily engage
said third rail 10 without requiring the at-
tention of any onein charge of the car. The
third conductor equipment is obviously also
useful where overhead trolleys are not em-
ployed. To reduce the danger which may
accompany such a construction having a
charged third rail 1n place upon the right of

- way alongside of the traction-rails, I may in-
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terpose a transformer 12 between said third
rail and the transmission-circuit from which
1t receives 1ts power, so that the said third

rall may be charged with a voltage consider-

ably below the potential of the transmission-
malns with which 1t 1s assoclated, as shown
very clearly in Fig. 2, in which the primary
of the transformer 12 is connected between
the transmission-mains 38 and 4 and one ter-
minal of the secondary is connected to the
third rail 10, while the remaining terminal of
the secondary is connected to the return-rail 5.
I may arrange the capacity of the transformer
so that an amount of power may be supplied
thereby to the fraction-motor equivalent to
that supplied to said car by the main trolley
conductor-circuit that then may be associated
with said motor or arrange the same so that
a clecreased or increased amount 1s supplied

by the sald transformer, dependent upon the

proportional increase of the power necessary

to operate the car under the special operating
conditions assumed. This feature of my in-
vention obviouslyis of service where the main
trolley-wire 1s not divided 1nto sections con-
nected with separate circuits.

In Fig. 6 I have shown a car equipped 1n
accordance with one embodiment of my inven-
tion, said car being provided with the trolley-
pole 7 for engaging the trolley conducting-
sections 8 or 9 and 1s also provided with a
shoe 11, flexibly mounted upen the truck 13
of the said car. The trucks 13 of thecar also
carry traction-motors 14 14, which are gov-
erned by controllers 15 15 upon the platforms
of the said car, a controller-handle 16 being
shown in association with the controllers 15.

The form of traction-motor which I prefer
to employ 1s shown more in detail in Figs. 3,
4, and 5, its relation with the wvarious ener-
oizing-circults and the controller15 bheingin-
dicated diagrammatically in Fig. 3. Themo-
tor includes an armature 17, which may have
an ordinary form of squirrel-cage armature-
winding comprising the conductors 18, short-
circuited at one end and electrically connect-
ed to the bars 19 of a commutator, which com-
mutator 1s so associated with a short-circuit-
1ng plate 20, movable longitudinally upon the
armature-shaft 21, that the saia plate when in
one position 1s free of the commutator-bars
and in another position servves to short-circuit
them, so that the motor may normally oper-
ate as an ordinary alternating-current motor
with a short-circuited armature - winding.
The position of the short-circuiting plate 1s
preferably dependent upon the speed at which
the motor 1s operating, so that when the mo-
tor 1s rotating below the normal speed the
commutator - bars are disengaged from sad
short-circuiting plate and when the motor is
rotating at normal speed the commutator-
bars are engaged by said short-circuiting
plate 20, and thus electrically connected there-
to, whereby the armature is short-circuited.
Brushes 22 22 are adapted to engage the com-
mutator-bars 19, and a conductor 23 1s em-
ployed to electrically unite the same, so that
when the short-circuiting plate 20 is disen-
oaged from the commutator-bars a circuit 1s
completed through the armature by way of
the brushes, thereby establishing a circult, so
that the motor may start from a state of rest

and continue to operate by having its arma-

ture-circuit completed through the brushes
and the said conductor 23 until 1t attains the
normal speed, when the short-circuiting plate
20 short-circuits all the commutator - bars,
thus rendering the circuit by way of the
brushes functionless. To thus automatically
regulate the position of the short-circuiting
plate 20, 1t is pivotally connected to ends ot
rods 24 24, which are pivotally secured at their
other ends to bell-crank levers 25 25. "the
free ends of the bell-crank levers 25 are pro-

- vided with welghts 26, which tend to swing
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outwardly from the shaft 21 when rotated.
The bell-crank levers 25 are rotatably mount-
ed upon the armature-spider 27. The oper-
ation of short-circuiting the armature-wind-
ing being thus automatic, the function of the
controller 15 may be limited to change the
flow of current supplied to the energizing-
windigs of the motor 14. 1 will now ex-
plain the manner in which I prefer to regulate
the motor through the agency of said control-
ler more particularly by reference to Fig. 3.
The motor in this Instance 1s provided with
with two energizing field - windings 28 28,
which are adapted normally to operate the
motor and which are adapted for connection
with the circuit-conductor engaged by the
trolley 7. The windings 28 28 are connected
to controller contact - segments 29 and 30,

which segments are adapted for ‘lSSOCIELthH
with the electrical controller contact-segments
31, 32, and 33, electrically connected with ter-
mmals of the Second‘wy of a transformer 34,
whose primary 1s supplied through the agency
of the trolley 7, connected between the trol-
ley conductor engaging the same and the re-
turn-rail conductor 5. The motor is also pro-
vided with additional field-windings 35 35,
which are normally out of circuit, but which
are adapted for energization only when 1t is
necessary that the motor develop an added
torque. The energizing-windings 35 35 are
connected to controller-segments 36 37, which
are adapted to be associated with the contact-
segments 38, connected with the contact-shoe
11 and also with the grounded contact-seg-
ment 89 of the controller 15. The grounded
contact-segment 39 1s connected to a contact-
seoment 40, connected with one terminal of
the primary of the transformer 34 when the
car 1s ready for operation. The field-wind-
ings 28 28 are supplied with current of one
phase from the generator 1. The windings
35 35 may when required be supplied with

current from the same generator, but of dif-
ferent phase, when the motor may act as a
polyphase motor. Through the agency of
the transformer 34 the voltage of the alter-
nating currentsupplied to the windings 28 28
may also be varied. A controller-actuating
bar 41 i1s provided with switching-contacts,
which are adapted to change the electrical
connections of the motor-windings. In the
first position of the controller-arm contact-
seoments 39 and 40 are short-circuited, thus
connecting the primary of the transformer 34
with the rail, so that said primary windingis
energized. Inthesecond position of the con-
troller-arm the contact-segments 32 and 30
are closed circuited, as well as the contact-
segements 29 and 31, thus supplying to the
windings 28 28 of the motor alternating cur-
rents at reduced pressure from one-half of
the coils of the secondary winding of the
transformer 34. In the next position of the
controller-arm the same is disengaged from

ereater torque.

776,374

the conducting- 560*11101113 31 and engages the
conducting - seement 33, thus changing the
electrical connection between the coils 28 and
the transtormer 34, wherebhy alternating cur-
rent at the full pressure of the secondary of
the said transformer 34 is supplied to the
windings 28 28 to cause the motor to exert a
The short-circuiting of the
armature-conductors, as before stated, 1s au-
tomatically accomplished when the motor has
reached the required speed.

In order to permit the motor to exert an
added torque, coils 35 35 must be energized to
supply the same with alternating current of
differing phase, which 1s accomplished by a
further movement of the controller-handle 4.1
to close circuit between the controller-seg-
ments 36 and 38 and the controller-segments
37 and 40, thus supplying current to said coils
35 from the out-of-phase circuit including the
third rail 10. The motor being thus sup-
plied with two-phase alternating currents ac-
quires an increased torque.

The advantages of the specific application of
my invention will be apparent. I adapt mul-
tiphase systems of distribution for advanta-
geous use in electric-traction systems by so
constructing the trolley-circuits that cars or
vehicles operated 1n said traction system are
alternately supplied with current first from
one of the circuits of the system and then from
another circuit of said system, thereby dis-
tributing the energy requisite in operating
the system between the various circuits of the
multiphase system. The overheadcompound
trolley - main constitutes a sectional supply-
main. As stated, this trolley-main may be
placed elsewhere. I furthermore soassociate
an auxiliary trolley conducting-circumuit along
the right of way that current may be at 1n-
tervals supphied to the said motors from a
plurality of circuits of the system, whereby
sald motors may develop increased torque to
overcome abnormal conditions.

While T have herein shown and particu-
larly described one embodiment of my inven-
tion, I do not wish to limit myself to the pre-
cise construction and arrangement herein
shown and particularly described; but,

Having thusdescribed my invention, I claim
as new, and desire to secure by Letters Pat-
ent-—

1. In a traction system, the combination
with a polyphase source of current, of trans-
mission-circuits supplied therefrom, an aux-
iliary trolley-main divided into sections, means
for connecting adjacent sections of said trol-
ley-main to unlike transmission-conductors, a
plurality of motor-cars operated in said sys-
tem., and means whereby the cars when oper-
ating in said system receivecurrent in succes-
sion from sections of said trolley-main, there-
by to distribute the load between the various
circutts of the polyphase system, substan-

- tlally as deseribed.
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2. Tnapolyphase system of distribution,the
combination with a polyphase source of cur-
rent, of transmission-circuits supplied there-
from, a translating deviee, means for supply-
ing said translating device with single-phase
current from a cireuit of said polyphase sys-
tem to operate it, and means for supplying
additional current of a different phase to said
translating device, substantially as described.

3. In a traction system, the combination
with a polyphase source of current, of trans-
mission-cireuits supplied therefrom, a trolley-
main, cars provided with traction motors op-
erating in said system, said motors normally
receiving single - phase current from said
trolley-main, an auxiliary trolley conductor
receiving out-of - phase current from said
source, and means whereby said auxiliary con-
ductor is associated with said motors to sup-
ply additional current of different phase there-
to, substantially as described.

4. Tn a traction system, the combination
with a polyphase source of current, of trans-
mission-circuits supplied therefrom, a trolley-
main divided into sections, electrical connec-

tions whereby adjacent sections of said trol-

ley conductor are electrically united with un-
like transmission-conductors, cars provided
with traction-motors operating in said system,
said motors normally receiving single-phase
current from said trolley-main, an auxiliary
trolley conductor receiving out-ot-phase cur-
rent from said source, and means whereby
said auxiliary conductor is associated with said
traction-motors to supply additional current
of different phasethereto, substantially as de-

scribed.

5. In a traction system, the combination
with a polyphase source of current, of trans-
mission-circuits supplied therefrom, a trolley-
main, cars having traction-motors operating
in said system, said motors normally receiving
single-phase current from said trolley-main,
an auxiliary trolley conductor receiving out-
of-phase current from said polyphase source,
means whereby said auxiliary conductor 1s
associated with said motors to supply addi-
tional current of different phase thereto, and
a transformer interposed between said auxil-
iary conductor and a transmission-main to re-
duce the pressure supplied thereby to the
translating device, substantially as described.

6. In a traction system, the combination
with a polyphase source of current, of trans-
mission-cireuits supplied therefrom, a trolley-
main divided into sections, electrical connec-
tions whereby adjacent sections of said trol-
ley-main are electrically united with unlike
transmission - conductors, traction - motors

mounted upon cars operating in sald system,
means whereby said motors normally receive
current of one phase from said trolley-main,
an auxiliary trolley conductor also receiving
current from said polyphase source, means
whereby said auxiliary conductorisassociated

O

with said motors to supply additional current
of different phase thereto, and a transtormer
interposed between said auxiliary conductor
and a transmission-main to reduce the pres-
sure supplied thereby to the motors, substan-
tially as described.

7. In an electric-railway system, the com-
bination with a source of polyphase current,
of transmission-circuits supplied therefrom,
motor-cars, and means whereby the traction-
motors upon said cars may be successively
connected with different transmission-circuits
supplied by the source of current, substan-
tially as described.

3. In an electric-railway system, the com-
bination with a source of polyphase current,

of transmission-circuits each receiving single-

phase current from the said source, motor-
cars, and means whereby the traction-motors
upon the sald cars may be successively con-
nected with different single - phase circuits
supplied by said polyphase source of current,
substantially as described.

9. In an clectric-rallway system, the com-
bination with a source of polyphase carrent,
of transmission-circuits supplied therefrom,
motor-cars, means whereby the traction-mo-
tors upon said cars may be successively con-
nected with different transmission - circuits

supplied by the source of current, and supple-

mental means whereby said traction-motors
may each be simultaneously connected with
a plurality of said circuits to subject the trac-
tion-motors to out-of-phase currents simulta-
neously, substantially as described.

10. In an electric-railway system, the com-
bination with a source of polyphase current,
of transmission-circuits, each receiving sin-
ole-phase current from the said source, mo-
tor-cars, means whereby the traction-motors
apon the said cars may be successively con-
nected with different single - phase circuits
supplied by said polyphase source of current,
and supplemental means whereby said trac-
tion-motors may each be simultaneously con-
nected with a plurality of said circuits to sub-
ject the traction-motors to out-of-phase cur-
rents, substantially as described.

11. In an electric-railway system, the com-
bination with a polyphase source of current,
of transmission - circuits supplied thereby,
means whereby the traction-motors upon the
cars may receive single-phase current only,
and supplemental means whereby the traction-
motors may be subject to an additional cur-
rent out of phase with the said single-phase

current and simultaneously with said single-

phase current, substantially as described.
192. In an electric-rallway system, the com-

bination with a source of alternating current,

of a motor-car, means whereby the traction-
motor upon the said car may be subject to a
single-phase current, and supplemental means
for supplying additional current to the said
traction-motor out of phase with the afore-

70

75

30

90

95

100

105

110

115

120

125




5

10O

20

25

35

4.0

45

55

Ho 13

S

said single-phase current and simultaneously
with said single-phase current, substantially
as clescribed.

13. In an electric-railway system, the com-
bination with means for producing out-of-
phase alternating currents, of a motor-car in
the system, and a controller upon the motor-
car governing the connections of the motor
with the circuits to which the out-of-phase
currents are supplied, said controller being
adapted to limit the traction-motor to the ac-
tion of a single-phase current or to cause the
same to be subjecred to polyphase currents,
substantially as described.

14. The combination with a source of poly—
phase current, of transmission-circuits receiv-
1ng current ther efrom, translating devices re-
ceiving current from said circuits, and means
whereby said translating devices receive cur-
rent alternately from circuits of said system.
substantially as described.

15. The combination with a source of poly-
phase current, of transmission-circuits recely-
ing current thel efrom, a translating device,
and means whereby said device is successively
assoclated with the different circuits supplied
by said polyphase source of current, substan-
tially as described. |

16. The combination with a source of poly-
phase current, of transmission-circuits receiv-
Ing current therefrom, a translating device re-
ceiving current from said circuits, and means
for connecting said translating device in ro-
tation with the circuits supplied by the source
of polyphase current, substantially as de-
scribed.

17. The combination with a source of poly-
phase current, of transmission-circuits 1"600'
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Ing current thel efrom, a qupply-nnm subdli-
vided into sections, which receive current
trom different circuits of the system, a trans-
lating device receiving its current from said
main, and means whereby said translating de-
vice recelves current successively from differ-
ent sections of the said supply-main, substan-
trally as described.

18. The combination with a source of poly-
phase current, of transmission-circuits receiv-
Ing current therefr om, a supply-main subdi-
vided into sections, means whereby adjacent
sections are connected to unlike transmission-
conductors, a translating device receiving its
current from said main, and means whereby
sald translating device rece'ves current suec-
cessively from df erent sections of said main,
substantially as described.

19. The combination with a polyphase
source of current, of transmission -ecircuits
suppliied therefrom, a supply-main divided

into sections, adjacent sections of the main
being connected with unlike transmission-con-
ductors, and a translating device receiving
current successively from sections of the said
supplemental main, thereby to distribute the
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load between the circuits in the system, sub-
stantially as described.

20. In a polyphase system of distr 1buL10n
the combination with a polvplmge source of
current of transmission -circuits supplied

therefrom, a translating device, means for
supplyine said tmnslatuw device with single-
phase current from a circuit of said polyphase
system to operate the same, means for sup-
plying additional current of a different phase
to said translating device, and a transformer
for reducing the pressure of the additional
current supplied by the second aforesaid
means, substantially as described.

21. The combination with a polyphase
source of current, of a translatine device
adapted ifor association with said source of
current, means for supplying current of one
phase and a glven pressure to said translating
device, means for supplying additional out-of-

-phase current from said source to said trans-

lating device, and a transformer associated
with said means to reduce the pressure of the
current of the second. phase supplied to the
said motm', substantially as described.

In an electric railway, a sectional con-
ductm adapted to be engaged by a moving ear,
ancd a polyphase tmn%mls‘smn system, the SeYV -
eral phases thereof supplying current to the
several sections of said conductor, substan-
tially as described.

23. In an electric railway, a sectional con-
ductor adapted to be engaged by a moving

car, a source of pol\;pha%e current, and con-
nections from the several phases of said source
to the several sections of said conductor, sub-
stantially as deseribed.

24. In an electric railway, a polyphase
transmission system, a sectional conductor
aclapted to be engamd by a moving car, and
connections whereby the several 59013101*1% of
said conductor are energized from the several
phases of said transmission system, substan-
Lmlly as described.

25. Inanelectric railway, a source of three-
phase current, a sectional conductor adapted
to be engaged by a moving car and having
1ts SBVBIEL] %‘Lctlon% ener uued by the %eveml
phases of said source, and a return-onductor
connected to the neutral point of said source,
substantially as deseribed.

26. In an electric railway, a polyphase
transmission system, and a sectional conduc-
tor adapted to be engaged by a moving car,
acljacent sections ot said conductor bemn -
sulated from each othel and energized lw cdif-
ferent phases of said transmission system,
substantially as deseribed.

In witness whereot I hereunto subseribe my

name this 6th day of December, A. . 1901.
BION J-. IXI‘LNOLD

Witnesses:
Grorar L. Craca,
Harvey L. Haxsox.
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