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UNITED STATES

PATENT OFFICE.

SILVANUS PHILLIPS THOMPSON AND MILES WALKER, OF LONDON,
ENGLAND.

ELECTRIC-TRACTION SYSTEM.

SPECIFICATION forming part of Letters Patent No. 668,781, dated February 26, 1901.
Application filed October 22, 1897, Serial No, 656,019, (No model.) |

To all whom tt may concerwn:

Be it known that we, SILVANUS PHILLIPS
THOMPSON,doctor of science,and MILES W AL-
KER eleetrma,l engineer,
of Greeb Butam remdmﬂ' at London, in the

Kingdom of Englend have invented certain

new and useful Improvements in Electric-

‘Traction Systems, of which the following i1s a

specification.

Our invention relates to improvements in
automatic switches for use in those systems
of electric traction in which the electric cur-

- rent is supplied to the cars or locomotives
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from studs or sectional rails laid in the road,
each of such studs or sectional rails being in
turn connected to a main conductor or feeder-
main by ineans of an automatic switch when
the car is above or near it and disconnected
from the main conductor or feeder aiter the
car has passed on.

In the English Speelﬁea,tlon of petent of
Ayrton and Perry No. 2,395 of 1883, it was
proposed to operate smtches under the road-
way by means of magnets carried on board
the car,
ventors have employed devices of the sort
with variations in the arrangement of the
parts. These systems may be referred to
generally as ‘‘magnetic pick-up” systems.
In the magnetic pick-up systems hitherto
proposed use has been made of an electro-
magnet or permanent magnet carried on the
car, and they have therefore been open to
one or other of the following objections:
either the poles of the magnet extend for &
considerable distance under the cars and are
excited along their entire length, involving
the use of a bulky magnet for WhlGh there is
not sufficient room on cars as erdmarlly Gon-
structed, or the magnet-pole 1s smaller in
size and Opeletes on its armature for such a
short instant of time when the car is in mo-
tion that it cannot be made to operate a thor-
oughly-reliable switch. In other cases in
consequence of the magnetizing-coils not be-
ing wound directly upon the moving parts
the operative forces are not sufficiently great
to work the switch without having recourse
to a relay.

In our system the sw1tehes are epereted by

ub;] ectsof the Queen -

and since that patent several in-

| the approach of a simple piece of iron carried

on the car, which is attracted by a plunger or
md,n'netlzed iron bar energized by an electric
eurrent pessmw through “coils wound upon
the moving part itself, end the parts of the

‘switeh are so ba,leneed magnetically that it

is ImpOSSIble for the smteh to operate until
the iron comes over the top. We are able in
this way to obtain the certainty of action of
electrically-operated switches, and yet retain
the freedom from danger en]oyed by mag-
netiec pick-up systems, for the switches will
open when the car has passed,whatever cur-
rent may be leaking from the road-contact
to earth. Mereovel it is possible on start-
ing the car to pick up the armature of one
of these switches by means of a magnet on
the car (the car being at rest) without com-

‘municating electrleally with the switch;. but

we prefer to dispense with the magnet on the
car altogether and pick up at starbmﬂ' in the

‘manner herelnafnel described.

Figure 1 is a longitudinal section of the
road, showing the manner of interconnecting

‘the SWltches in order that they may be oper-

ated by the current taken by the car. Kig.
2 is a transverse section of road, showing po-
Sltlen of auxiliary stud and shee Fig. 3 18
a. section of a road-box, showing magnetie
ba,lenemﬂ' arrangement. Kig. 4 shews a sec-
tion of elmlla,r arrangement when both ends
of magnet are employed Fig. 5 is a diagram
of uennectwne, showing how a shunt- eurrent
is made to operate the “switches. Figs. 6, 7,
8, and 9 show elevation, plan, with the cover
remeved transverse section, showing the stud
S in plaee and diagram of (,enneetwns of
switch used in our system
- The general mode of making our connec-

‘tions in order to operate the switches by the

main current taken by the car is shown in
Fig. 1, which is intended to represent, dia-
wrammatwelly, the connections between four
consecutive studs and the main cable K F.

A connection is made from the cable F F to
the insulated switch-contact C'.

- From C7,

the other switch-contact, a wire is carried to
the switeh next ahead end around the coil M’
of that switeh back to coil M? of the first

switeh, and from thenee to the insulated road- 1oo
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~contact stud 5. The operation of this sys- |
tem of switches i1s as follows: Assume that a |

| - - - 868,781

~cear1s passing in the direetion shown by the

5

~arrow 1n Fig. 1 and that it has just passed
stud No. 1, whose switch is shown open. The

current-collecting shoe is in contact with stud
No. 2, whose switeh is shown closed.  Car-

-rent Is passing from the main eable through

10

- I5
- tacts of the switch, because the iron parts are
“balanced, in the manner hereinafter de-

“the coil M’ of switch No. 3, through the coil |

M? of switch No. 2 to the contact-stud S,
thence to theshoe I of the car, and so through

- the motors of the car and to the return-rail
(not shown in the figures) in the usual way.

The current in passing around coil M’ of
switch No. 3 cannot completely close the con-

- scribed, so that they will not make contact

.20
- theshoeitself; but we sometimes use an aux-

until a piece of iron on the car comes over

the top. This piece of iron is by preference

iliary piece of iron on parts of the car to which

it i3 not convenient to extend the shoe.
- When the car advances so that the shoe K

30

or the auxiliary piece of iron comes above

switeh No. 3, that switeh closes and supplies
current to the shoe, at the same time ex-
‘citing the coil M’ of the switeh No. 4, &e.

The size of the shoe and its position rela-

tively to the car are preferably arranged so

- that stud No. 3 is covered by the car when

- 35

switch No. 2 is operated, so that no piece of

1ron, such as a horse’s shoe, can be over stud

No. 3 at the time when the coil M’ of its
switehisenergized. When the car has passed
switch No. 2, it must necessarily drop open

~whatever current may be leaking from the

- stud S, because such current is incapable of
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holding the switch closed unless the piece of
iron is over the top. It is, moreover, impos-
sible for the switch to be operated by any
piece of iron (such as a horse’s shoe) unless
the coils are excited, and the coils cannot be
excited after the car has passed and the switch
opened. In order to start the car, we use an
auxiliary shoe K? Fig. 2, capable of being
lowered upon asmall auxiliary stud Z. Cur-
rent from an accumulator can then be passed
from Z, through M’ and M2, to the stud S and
the switch under the shoe operated; but to
this arrangement we here make no claim.
Some of the methods of arranging the iron
parts so that they can only be operated when
they attract a mass of iron on the car are
shown in Iigs. 3, 4, 5, and 6; but we do not
confine ourselves to the methods there shown.
Fig. 3 shows the magnetic parts of one form
of switeh-box. The switch-contacts are not
shown, but may be of the character of those
given in IFigs. 6 and 7 or of any other char-
acter. The box consists of a hollow east-iron
cylinder B B, havinga wide flange G G in its
upper end. Thisend is closed by aring D D,
insulated from the iron, and a solid lid S, fit-
ting into the ring, both made of phosphor-
bronze or other non-magnetic material. The

lid is rendered water-tight by means of arub- | as in Figs. 3 or 6.

ber washer in a groove in its seat and is
screwed hard home against its seat.

the stad or road-contact.

R R, to take the wear and prevent horses

i slipping upon it. Upon the wide flange G
“and around the stud S islaid a layer of hard

insulating material, such as asphalt or artifi-

cial stone. This is slightly sloped off, as
shown, so that when the box is laid on the

road the stud lies a very little above the level
of the roadway. DBelow the lid are fixed

‘the two magnetizing-coils M’ M2, connected
‘up as shown in Fig. 1, or in case a shunt-
ceurrent 1s employed to work the switch only
one coil M is used, connected up as shown
{'1n Figs. 5 and ‘9.  Within these coils is an
iron plunger P, which slides in & brass tube
T in line with an indentation in the stud and

connected by means of a brass tube Q to &

contact-making device, but not shown in the
figure, which is preferably the same as the
contact-making device shown in Figs. 6, 7,

and 8. If a piece of iron is placed over G G

rise to the top of the hole in the stud and will

| then complete the electric circuit, as shown
| in switeh No. 2 in Fig. 1. In faect, the cur-
rent in the coils tends to drag the plunger
down a certain distance instead of tending to
lift 1t, and this effect may be still further va--
ried by making the lower end of the bobbin
~of iron and giving it an inwardly-projecting
tubular extension E, embracing the lower
end of the plunger. When the plungerisup,
‘this iron tubular extension serves to reduce

somewhat the reluctance of the magnetic
path; but being of no very great cross-section
as compared with the plunger, and, moreover,
having the brass tube between it and the
plunger the reluctance of the magnetic path
18 not so small (assuwing no shoe over the
stud) as when the plunger reaches to the
lowerendof thecoil. Asaconsequencethere
1s a fairly-uniform magnetic pull on the lower
end of the plunger, which exists so long as
the lower end of the plunger is above the
ilower end of the coil. When theshoe isover
the stud, this downward pull is entirely over-
come; but when the shoe is absent the plun-
ger will take up a position in which the up-
ward pull on the upper end of the plunger is
balanced by the downward pull of the lower
end and the force of gravity. When iron is
placed overthetop, the upward pull is greatly
increased by direct attraction on it of the
moving part. Theauxiliarystud Z (see Figs.
1 and 2) is shown dotted in Fig. 8.

In another form of switch-magnet the coils
are designed to move with the iron core, as
shown in Fig. 4. In this case both ends of
the magnetized bar P P are presented to the
mass of iron K K on the car. In other re-

spects the operation of the switch is the same
Fig. 6 shows a method of

Thelid -
-is slightly rounded on its surface and forms
It may have a re--
newable top, preferably in the form of a ring
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and 5 while an electric current is passing
around one of the coils, the plunger P will
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pivoting a single-limbed magnet so as to work
the contact-points. This method is equally

applicable to the double-limbed magnet of .

Fig. 4.

Fig. 5 shows the connections of the coils of
our switches when it is desired to work them
by a shunt-current instead of by the main
current taken by the car. A high-resistance
magnetizing-coil M is in each switch con-
nected with one end to the stud and the other
to earth. When the current-collecting shoe
comes over a stud, current passes down from
the shoe through the coil to earth and so mag-
netizes the moving part. After the switeh is
closed the current flows from the switch
throngh the magnetizing-coil to earth and

" also through the stud to the shoe, from which
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it is available to operate the next switch.
The switch-coils are in Fig. 1 shown con-
nected with one another in series with the
connections through the car-motor; but it is
obvious that they may be connected in shunt
thereto or as shunts to one another. If ar-
ranged as shunts to one another, they may
still be combined with the series connections
described by us in specification of English
Patent No. 19,456 of 1396.

Figs. 6, 7, 8, and 9 are drawings of our
safety-switch,showing magneticarrangement
slightly different from Figs. 3 and 4, with le-
ver and switech contacts exactly as made by
us. Fig. 6 is a sectional elevation of the

switeh, box, and stud combined. Fig. 7is a |

plan of theswiteh., TFig. 8isa section through
the line @ ¢ in Fig. 7. Tig. 9 is a diagram of
connections, showing the switch as connected

‘up to be operated by a shunt-current,.

The winding of the magnet M is wound on
an iron core fixed into a U-shaped piece of

iron U U. The wholeis pivoted at p p. The

switch-lever L. L is attached to the pivoted
magnet and carries the copper yoke Y Y,
which dips'into the two mercary-cups C' and
C? when the switeh is closed. The pivotis
so placed with regard to the center of grav-
ity that normally the yoke is clear of the mer-
cury-cups, as shown in the position Y'. When
current is passed around the winding of the
magnet, there is no tendency for the switch to
close unless a piece of iron is placed over the

stud S, for the other surrounding iron parts

are so balanced that they pull on the magnet
as much in one direction as in another. As
soon, however, as iron is placed over S the
switch closes smartly. The iron cheeks R R
serve not only as a support for the switeh, but

also as a return-path for the magnetic lines.

- Besides the main copper yoke Y Y there is

60

provided a small yoke y ¢ of carbon, mounted

on a spring which comes in contact with lit-
tle carbon pieces which dip into the mercury-
cups C' and C?. This small yoke y ¥ is ar-
ranged to break circuit after the main yoke
Y Y, so that any spark that may occur will
be between carbon points instead of on the
mercury.

l-\

| ing the connections of fhe said switeh, so that

it may be operated by a shunt-current. The
main current passes from the feeder F F to
the mercury-cup ¢, thence through the yoke
to C?, which in Figs. 6 and 7 is represented
as a mercury-cup in the metal extension of
R, and therefore in metallic contact with .
The current is carried to the coils M by sol-
dering the inner end of the winding to the
iron core P, which core P is in contact with
the cheeks R, and by carrying a light flexi-
ble wire from the outer end of the winding
to the box-lid G', which latter is in electrical
contact with the earth or rails.

We claim as our invention—

1. Inasurface-contact electric-traction sys-
tem, a safety feeding-switch placed under-
oround, whose operating part is a moving
plunger or other piece of iron from which a
magnetic field radiates into the air-space
above the roadway, the magnetizing-coil be-
ing placed around the said plunger and the
plunger oceupying that part of the magnetic
field in which the resultant magnetic pull,
whatever current may be passing in the mag-
netizing coil or coils, is less than the result-

| ant of all the forces which tend to keep the

switeh open.

9. ITnasurface-contactelectric-traction sys-
tem, a safety feeding-switch having a mag-
netic field radiating from the moving part
into the air-space above ground, substantially
as described, and a mass of iron carried on
the car which when removed from the said
feeding-switch is unmagnetized but which in
conjunction with the said feeding-switch con-

stitutes a combination having the following
essential elements: (1) a mass of iron attached

to the car; (2) a magnetic field whose lines

extend directly to that mass from the plun-

ger of the switch, and whose resultant pull
is oreater than the resultant of all forces
tending to open the switch.

3. In asurface-contactelectric-traction sys-
tem, the combination of a mass of iron car-
ried by the car, and a safety feeding-switch
whose moving part is wound with two coils

' M/ M2 interconnected with the similar but

Fig. 9 shows the manner of mak-1

opposite coils on the next switch and joined
to the mains as deseribed, that is to say, by

a connection from the feeder-main through

the switch-contacts to the coil M’ of the switch
next ahead, then back to coil M? of the first
switch and from thence to the insulated road-

stud, whereby the moving part opens the

switeh npon the removal of the mass of iron

as set forth, notwithstanding the fact that

the current may be flowing in the coils.

4. The combination of a surface-contact
stud S, feeding-contacts C' and C? and a
moving iron core wound with magnetizing-
coils designed as set forth, whereby however
strongly the core may be magnetized it has
no tendency to close the contacts in the ab-
sence of a mass of iron above it.

5. The combination of the moving lever L
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of an electrie switch, mercury-cups C' C?, a | names to this specification in the presence of
yoke, and carbons attached to the switeh- two subseribing witresses.
lever by spring attachments as set forth, | SILYANUS PHILLIPS TIIOMPSON.
whereby contact with rods of cearbon con- | MILES WALKER.
5 nected with cups C’ and C? is maintained un- Witnesses: |
til after the mercury contact is broken. FREDERICK WILLIAM LE TALL,
In testimony whereof we have signed our | W. M. IHARRIS. -
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