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' DAVID URQUHART AND FRANK WYNNE, OF LONDON, ENGLAND.
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- To all whom Lt Y CORCETTL:
Beit known that we, DAVID URQUHART a,nd

~FRANK WYNNE, subjects of the Queen of

10

minster, London, Kngland, haveinvented Im-
provements in Supply Systems for Electric
Railways, of which the followmﬂ* is a specifi-
cation.

The invention covered by this pa,tent was

.patented to us January 25, 1896 No. 1,343,

in GGreat Britain.

This invention has reference to improve-
“ments in that kind of means or apparatus for
electrically propelling tramway and railway

vehicles, including locomotives, (hereinafter
called *‘cars,”) in whlch the eleein ical energy
required is generated at afixed pointor points
and condu cted tothe moving vehicle by means

-~ of fixed main conductors and a series of suit-
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ably-insulated shortcontact-surfaces (herem-f

after called ‘‘road - contacts”) that are ex-
posed in the roadway and are automatically
connected by switch devices to one of the

main conductors when the car coversornearly |
covers them and are automatically discon- |
nected from such main conductor when the
car has passed them, the car being provided

with a metallic or other eonduetmﬂ' brush or
brushes or with colleetmﬂ - 'ﬁheels or other
suitable device: (heremafter called the ““main

brush”) arranged to rub on the road-contacts

~and thus conuect the driving-motor of the car
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~ the length of the car, so that the car and its

50

(hereinafter called the mobor 7} to the said
main conductor. Both main conductors may
beinsulated oronly thatoneto which the road-
contacts are temporarily connected, the other
being uninsulated. In the latter case the
ralls on which the vehicle runs may be or form

part of such uninsulated main conductor.
When the rails are thus connected to or con-
- stitute one of the main conductors, the run-|

ning wheels of the car may be used as the col-
lectol or contact between the motor and that
- main conductor, and when referring to such

Y

an uninsulated mam conductor we shall here—
inafter use the expression ‘‘earth.”

In carrying out ourinvention we generally
prefer to make the road-contacts about half

extensmns will about cover two road- couta,ets
and the gap which separates them.

An object of the invention is to enable each

of the said switches to be closed electrically

‘Great Britain and Ireland, residing in West- |

|

‘intheroadway.
for connecting the road-contact-to the insu-
lated main conductor there is provided an

ent No. 591,706, dated October 12, 1897.-
| first- mentloned electromagnet, whmh 18 pref-

- without the winding of the electr omaﬂ'net that

opemtes the swweh lever being at any time
placed in connection with the main conduc-

tor and eonsequenﬂy traversed by the main

current passing to the motor, so that there

shall be no liability of the switch being kept
closed after the vehicle has passed the SWItCh
Dby leakage of electricity from the main con-

ductor to a road-contact through the winding
of the corresponding switch - magnet.
this purpose to each road-contact there 1S ¢on-
nected one coating of an electric condenser,

the -other coating Cof which is connected t0
earth. This condensel of suitable capacity

F01_
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may be placed in a suitable box or receptacle

Inconnection with the switch

electrom&ﬂ‘net so constructed and arranged

i that When energized by an electric current it

will operate the magnet-armature and close

the switch, and on the electromagnet ceasing
to attract its armature the sw1teh will open

75

either by gravity or through the action of a

spring, or both, or the opening of the switch
may be assisted by another electromagnet, as

ication of Lettels Pat-
The

described in-the speci

erably made with a laminated iron core, is
inserted either between the condenser and
the road-contact or between the condenser
and earth, so that any current, flowing in and

winding and energize it.

- On the car to be propelled is an appamtus.

for producing alternating orintermittent cur-
reunts of suttable frequeney.‘_’ This apparatus

out of the condenser must pass around its

Q0

may be analternating-current dynamo driven

either by the motor or from a battery on the -

car, or it may be a Ruhmkorff coil provided

mth a make-and~-break arrangement and

95

worked from the main motor-cir Cmt or from

a battery, so as to produce an intermittent

current, as wellunderstood. This apparatus,

Whatevel form it may take, is hereinafter
called the ‘‘ alternator.” One terminal of the

“alternatoris connected tothe main brush and
the other terminal to earth. Sometimes a
choking-coil is placed in the connectwn be-
tween the main brush and the motor for &
purpose hereinafter mentioned.

- Figures 1 to 8, inclusive, of the accompany-
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tively, with two conductors 7

T2

Ing drawings are diagrammatic views show-
Ing various arrangements of current-supply
apparatus according to this invention.

Referring to IFig. 1 of the drawings, 1 1 are
the road-contacts, in the form of short rails
arranged longitudinally in the roadway, and
in connection with each of which there is pro-
vided an electromagnetically-operated switch
for connecting the road-contact to the insu-
lated main conductor 2 of electricity. Kach
switeh comprises an electromagnet, the lami-
nated core 5 of which has one end of its wind-
ing 4 connected to the corresponding road-
contact and its other end to one coating 5 of
a condenser, the other coating 5* of which is
connected to earth E, and a switch-lever 6,
adapted to be attracted or moved into its
closed position against the force of gravity,
or of a spring, or of both, by the electromag-
net 3 4 when the’same is energized, and to
then electrically connect tog ether msulated
contacts 7° 8*, that are in eonnectlon, respec-
8, connected
the one with a road-contact and the other
with the main conduector.

9 1s the car to be propelled; 10, the car-
motor, having its terminals connected, the
one with a main brush 11, carried by the car,
and theother with earth E’, through themetal
frame of the car, car-wheels, and rails on
which the car travels. 12 is an alternator
arranged on the car and having one of its
terminals connected to the main brush 11 and
the other to earth E', and 13 is a choking-
coll placed in the connection 13%, between the
main brush and the car-motor. The main
brush 11 1s made sufficiently long to bridge
eachgap1” between adjacent road-contacts1.

"The alternator, which is of the kind herein-

before described, may have, for example, a
frequency of, say, about one thousand alter-
nations per second

each condenser 5 5*, which may be con-
structed of tin-foil with paraitined paper in-
sulation, may have a capacity of one micro-
farad. 'The choking-coil 13 may be of ordi-
nary construction and wound to suit the fre-
quency of the alternator.

As will be seen, the arrangement is such
that when the main brush 11 rests on a road-
contact 1 there will be two paths for the al-
ternating current produced by the alternator
12—viz., one to the main brush 11, thence

“through the choking-coil 13 and motor 10 to

earth E' and back to the other terminal of
the alternator, the other from the main brush
to the road-contact, thence to the condenser
5 o, and from the condenser to earth and
back to the alternator, passing in its course
around the winding 4 of the electromagnet 3
4,which, ashereinbefore stated,may be placed
between the condenser and earth instead of
between the condenser and the road-contact.

If the choking-coil 13 is suitably wound,

nearly the w hole of the alternator- current
will traverse this second path and will thus

With this frequency

600,101

the switeh-lever G in a direction to connect

the corresponding road-contact 1 with the
main conductor 2 through the leads 7 and 8.

To prevent or check the alternator-current
passing to earth through the main.conductor
2 and the generator 15 at the generating-sta-
tion when any one of the switches is closed,
a choking-coll 16 may be placed in the con-
nection 7 § between each road-contact and
the main conductor.

The means hereinbefore described of actu-
ating the switch of each road-contact may in
some cases have combined therewith a hold-
ing-up device consisting either of a separate
wmdmﬂ* 7%, as shown in ].—‘It, 2, wound around
the electroma anet-core 3, and through which
the main current will flow when the switeh

1s closed, or of a separate electromagnet com-

prising a winding 7" and core 3%, as shown in
Kig. 3, the core 3 or 3* in each case being en-
ergized by the main current and so arranged,
as shown, as to hold up the armature orswitch
lever 6 and keep the swilch closed so long as
current is passing from the main conductor
to the corresponding road-contact—that is
to say, so long as the main brush 11 is on that
road-contact and the car-circuit is complete.

We sometimes include in the alternator
connection 12* on the car, Figs. 1, 2; and 3,
a high resistance having little or no induc-
tion—sueh, for example, as aseries of incan-
descent electric lamps—so as to prevent any
of the main continuous current that is pass-
1ing to the brush 11 from being short-circuited
through the alternator 12, or a condenser 17
may be Inserted in the said alternator con-
nection for a like purpose.

Fig. 4 1s a diagrammatic view showing a
modified arrangement in which a second
brush 14 on the caris placed about one road-
contact length in advance of the main brush
11, and the alternator.12 is connected to this
advanced or switch brush instead of to the
main brush. In this case the switch connec-
tions 7* 8* and leads 7 and S are so arranged
that the road-contact which is by the action
of the switch connected to the main con-
ductor is not the road-contact 1 to which the
condenser-coating 5 of the switch is con-
nected, but the road-contact 1* in rear of such
road-contact 1. 'Thus so long as the switch-
brush 14 bears on one road-contact the road-

contact behind and on which the main brush
-11 will then be bearing will be the one con-

nected to the main -conductor 2. The leads
7 and 8 may include a winding, such as 7° in
Figs. 2 and 3, to be traversed by the main
cument and hold the switeh-lever 6 in its
closed .position so long as the main brush 11
1s on the corresponding road-contact. 'This
winding may be on the core 3 of the switch-
magnet, as in Ifig. 2, or, as shown in Fig. 3,
on a separate core.

Fig. 5 shows diagrammatically another ar-
rangement in which for actuating the switch

a condenser is placed at each gap between

energize the electromagnet 3 4 and actuateJ the eonseeutwe road-contacts, the coatings
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5 5 of the condensel being' connected, re-

spectively, to the two adjacent road- contaet% |

1, the electromagnet 3 4 for opelatmc- the
switch- lever 6 bem g, as before, inserted in one
or other of the two connections. In this case
two brushes are placed on the car, one—viz.,

11—being the main brush, conneeted both to
the alternatm 12 and to the car- motor 10, and

the other or switch-brush 14 being eonneoted

to the alternator only. This Sw1tch brush 14

‘18 placed a road-contact length, or nearly a

road-contact length, from the main brush 11
and in advance of it if the trailing road-con-
tact 1 of the pairis the one connected to the

main conductor by the operation of the switch,

as in the arrangement shown in Fig. D, and
in the rear of 113 1f the leading 1oad contaet

- of the palr be the one that is connected to

20

the main conductor by the switch, as shown
m Fig. 5%,

- pleted condenser-circuit throught the alter-

30

35

nator and condenser coatings and the switch
will beactuated. In these two arrangements
we pretfer, as shown, to use a holdmfr -up de-
vice, such as the eleetromao*net 32 7 v for the
switch-lever 0, as othelmbe the switch will
open Whenever the two brushes are on the
same road-contact and also when the main
brush is bridging a gap 1X between adjacent

road-contacts unless a choking-coil 13* is in-
serted between the main brush and alternator, |

as shown in Fig. 5% to prevent this action
taking place.

about one-third the length of the car, as at

“the moment that the main brush 11 bridges

.40

a gap 1X three road-contacts will be elec- | -

trically connected to the main conductor 2.

The appropriate length of the road-contacts

. will depend on the dlstanee which separates

the switch-brush and the main brush. When

 the distance apart of the br ushes is less than

45

| “

- 5§

- -taneously upon the same road- eontaet
~ thiscase the chokmﬂ*-eml 13"' can be dlspensed

6o

- that if will yield a constant current—that is

the -length of each road-contact, a choking- |

coil 13° is placed in the alternator circuit on
the car to prevent the alternator being short-

_‘_(311 cuited when the two brushes make cOn-

nection with the same road-contact. This
choking-coil must be so designed as to allow
the current required to energize the switch-

magnet to pass, but to choke baek any larfrer-

cuuent
When a holdmﬂ*-up elecmoman*net 3% 7Y is

used in this arrangement, the SWltch blush'

lCleﬂt]Y far from the ;
- main brush to prevent them from being simul-

In ¢

14 may be placed su

with.
XVe plefel t0 S0 eonstmct the .a,ltemator

to say, so that the current produced will not
materially increase with reduction of the Te-
sistance of the condenser-circuit.

Fig. 6 shows, diagrammatically, a modlﬁed

almngement in which there are provided on’

the car two a,ltematms 12 12@L SO d11ven as

_ So long as the two brushes 11 14
‘rub on different bars there will be a com-

| scr_lbed arrangemendt,

In this arrangement it is ad-
_vantdgeous to make the road-contacts 1 only

road-box behind.

[N

to be '&limys in step, and four brushes 11 11°

and 14 14*, none of which is long enough to
bridge the gaps 1* between the adjacent road-
contacts. Taking these brushes in their or-
der, the first or forward one 14 is a switch-

" brush eonneeted to one terminal of the alter-
The second brush 11 acts both as

nator 12.
a switch-brush and a main brush, being con-

70

75

nected to one terminal of the altemator 124

and to one terminal of the car-motor 10, a
choking-coil 13 being inserted in the latter
connection. The third brush 14* is a switch-
brush, being connected to the second termi-
nal of the alternator 12, and the fourth brush
11* is both a switch and a main brush, being
connected both to the second t_e'rmina,l of the
alternator 12 and to the motor 10. The dis-
tance between these brushes is such rela-
tively to the length of the road-contacts that
the circult of the alternator 12 is completed
to a forward condenser 5 5* through a for-
ward road-contact 1 before the circuit of al-
ternator 124 is broken by the fourth brush
112, leaving the rearward road-contact 1°.
There are thus at times three road-contacts—
viz., 1 1* 1>~—~having brushes bearing on them,
:?L]ld two of these——wz 1* and 1“—-—-—&18 con~
nected to the main conduetor 2. -

30

Qo

95

Fig. 7 shows a modification of the last-de-

switch-brushesonly. With this arrangement
the choking-coil 13, Fig. 6, can be dlspensed

wherein the first and
second br ushes 14 :md 11 are both switech and
‘main brushes and the brushes 14* and 11°

IO0

with, the construction and operation in other

emeets being similar to the ananﬂ*ement
shown in Kig. 6.

. Kig. 8 shows a modlﬁeatwn of the two last-

desm ibed arrangements, wherein the conden-

ser 5 5* st each | gap 1° is used to effect the

operation of the switch at the road-contact 1

105

‘behind the two road-contacts 1 1%, which are o
connected to that condenser, thls ‘being ef-

IIO

fected by taking a separate insulated lead 7¢

back from each condensel tothe switeh in the
In this case the four

brushes 14, 11, 142, and 11* all become switch-
brushes, not bemﬂ* connected to the car-mo-

tor in any way, and a fifth brush 11°, which

115

is the main brush, is placed on the car behmd |

| the four switeh- bt*uq]:les

We have described the 1311ne1pa1 methods
we employ for actunating the road switches;

but these methods may be modified in vari-

ous ways, and where we have described the

‘connections with reference to the motion of
the car in one direction it is evident that the
125

connections will either equally apply for mo-
tion of the car in the other direction, or that
by the introduction of switches on the car the
connections can, as well understood, be al-
tered to suit motion in the otherdirection.

. We have also deseribed our methods as ap-

120

130

plied to cars using the rails as part of the re-
turn-circuit, but they are equally applicable
in cases where the return connection is made
bymeansotfadditional road-contacts, inwhich
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case the electromagnet corresponding to each
main road-contact may be made to simulta-
neously actuate the switches of both the main
and return road-contacts.

What we claim 18—

1. In apparatus for supplying electricity

“to electrically-propelled vehiceles, the combi-

nation with road-contacts, a main conductor,
and switches for successively connecting said
road-contacts to said main conductor, of con-
densers, switch-operatingelectromagnetic de-
vices having their windings arranged in the
condenser-circuits, and an alternatoradapted
as a vehicle to be be propelled travels along
to have its circuit completed through the suc-
cessive condenser-circuits so as to thereby
close the corresponding switches.

2. In apparatus for supplying electricity
to electrically-propelled vehicles, the combi-
nation with switches for connecting a main
conductor with successive road-contacts, of
electromagnetic switch - operating devices
each having 1ts winding in connection with a

condenser, anda traveling alternator adapted
to complete the circuit of the successive elec-
tromagnetic devices through the correspond-

ing condensers

3. In apparatus for supplying electricity
to electrically-propelled vehicles, the combi-
nation with road-contacts, a main conductor
and switches for connecting each road-con-
taet with said main conductor, electromag-

nets each adapted when excited to close one

of said switches, condenser-circuits connected
to sald road-contacts and each including a
condenser and the winding of one of said elec-
tromagnets, and a traveling alternator adapt-
ed to complete the successive condenser-cir-
cuits through the road-contacts.

4, In app&rams for supplying electrlelty
to electrically-propelled vehicles, the combi-
nation with road-contacts, a main conductor;
and switches for successively connecting said
road-contacts tosaid main conductor, of con-
densers each having one of 1ts coatings cou-
nected to a road-contact and its other coating
with earth switch-operating electromagnets
each having its winding arranged in the c¢ir-
cult of one of said condensers and a travel-
ing alternator having one terminal adapted
to be connected with the successive road-con-

tacts and the other terminal with earth.

5. In apparatus for supplying electricity
to electrically-propelled vehicles, the combi-
nation with road-contacts, a main conductor,
and switches for successively connecting said
road-contacts to said main conductor, of con-
densers each having one of its coatings con-
nected to a road-contact and its other coat-
ing with earth, switeh-operating electromag-
nets each having its winding arranged in
the circuit of one of said condensers, a trav-

4 600,101

eling motor having its terminals connected
respectively with a brush adapted to bridge
and connect successive road -contacts.and
with earth, a traveling alternator having one
of its terminals connected to said brush and
its other terminal with earth, and a chok-
ing-coil arranged in the circuit between said
br sh and motor

6. In apparatus for supplying electuclty
to electrically-propelled vehicles, the combi-
nation with insulated 1=oad—contacts, a main
conductor, switches each adapted to close a
circuit between a road-contact and the main
conductor, a choking-coil arranged in each
such circuif, condensers each connected to a
road-contact and with earth, switch-operat-
ing electromagnets each having its winding

in series with one of said condensers, and a

traveling alternator having one termmal
adapted to be connected w1th the successive

‘road-contacts and the other terminal with

earth.

7. In apparatus for supplying electricity
to electrically-propelled vehicles, the combi-
nation withroad-contacts, a main conductor,
switches for sucecessively connecting sald
road-contacts with said main conductor, con-
densers, electromagnetic devices adapted to
operate said switches and having their wind-
ings arranged in the condenser-circuits an al-
ternator adapted as a vehicle to be electrie-
ally propelled travels along to have 1its cir-
cuit completed through successive coudenser-
circuits, and switch-holding-up devices each
having its winding adapted to be placed in
the main or motor ecircuit by the closing of
one of said switches.

8. In apparatus for suppljmﬂ' electricity
to electrically-propelled vehicles, the combi-
nation of road-contacts 1° main conductors
2, pairs of conductors 7 and 8 between said
main conductorand eachroad-contact,switch-
levers 6 each adapted when closed to connect
the corresponding pairs of conduectors7 and §,
condensers 5, 5* each in connection with a
road-contact and with earth, switch-operat-
ing electromagnets 3 4, each having its wind-
ing 3 in one of the condenser-circuits and a
traveling alternator 12 having one terminal
connected to a brush adapted to travel upon

‘the road-contacts and its other terminal con-

nected to earth, substantially as described
for the purpose specified.

In testimony whereof we have signed our
names to this specification in the presence of
two subscribing witnesses. -

DAVID URQUUART.
FRANK WYNNE.

WVltnesses
PERCY E. MATTOCKS
EDMUND 8. SNEWIN.
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