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MERLE J. WIGHTMAN, OF HARTFORD,

CONNECTICUT.
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SPECIFICATION forﬁing part of Letters Patent No. 430,329, da.t‘.ed June 1'7, 1890.
Application filed April1, 1885, Serial No, 160,856, (No model.) |

To all whom it may concern:
Be it known that I, MERLE J. WIGHTMAN,
fates, and a resident

State of Connecticut, have invented certain
new and useful Improvementsin Electric Rail-
ways, of which the following is a specifica-
tion. .

My invention relates to arrangements of
conductors, switches, &c., for supplying cur-
rent to the motors of electric railways; and
its object is to avoid and compensate for cer-
tain disadvantages that apply to the present

bility to loss of current from 16&1{& ge; second,
the danger from.persons and amma,ls coming
in wntact with the supply-conductors, and
third, the danger of the wnductmq beeommn'
short cir emted

My invention is designed especially for ap-
plication to those systems where the rails of
the railway are utilized as the supply or feed-
ing conductors forthe motors traveling there-
on; but my invention 1s also of advantaﬁefor

apphcatwn to other arrangements of_ con- .

ductors—as, for instance, those in which an
overhead wire is employed as a supply-con-

ductor and the rails are utilized as a return- |

conductor, or to other arrangements of such
supply and return eonduc,tours

I have herein shown my invention applied
to a system in which I divide what I shall
term the “feed-conductor” into sections and
combine therewith a well-insulated supply-
main connected to said sections by branches

that are normally open or are of such high
resistance that said sections are, to all in- |

tents and purposes, practically insulated from
the supply-main. 7To connect the sectionsto
the supply-main, when the moter reaches a
section I employ electric switches operated
by electro - magnets whose coils are in
branches of high resistance, and which
branches are normally open, but are Ccom-
pleted by the motor on entering the section.

" The branches containing the coils of the

50

switch-magnets may be, as will be herein-

after described, branches from a second or

supplemental conductor. The circuit-con-
nections for said branches to a return-con-

‘ductor may be completed through the connec-

tions by which current is supplied to the elec-
tric motor and from the motor to a suitable
return-conductor, or, as will be obvious, they

might be entirely independent connections 55

completed through other circuit-closing de-
vices carried by the motor in such way that

upon the motor’s entering the section the cir-

cuit of the switch-magnet will be closed and
the switch operated. -

My invention consists in p]&ClHﬂ‘ in the
branch from the insulated main to the feed-
conductor a device consisting, essentially, of
two plates or electrodes normally separated
from one another by a thin layer of insulat-
ing medium of such thickness, however, that

6o

when a motor enters a section and completes

a circuit across to the return-conductor the
current shall be of sufficient potential to force
its way across the space between said elec-
trodes and thus allow current to pass in suf-
ficient amount through the circuit of the
switch-magnet to energize the same and there-
by operate theswitch and completethe normal
branch connection between the supply-main
and the particular section of feed-conductor
upon which the motor may for the time being
berunning. Incombination with said magnet

or switch I prefer to use an auxiliary magnetic

coll of low resistance, which is placed in the
circuit completed by the action of the switeh,
and therefore acts to hold said switeh in
position to keep the circuit closed through

‘the branch conhection of low resistance 1;0

the electric motor while the latter is upon
any particular section. I also use in mysys-
tem certain arrangements of “block-magnet,”
whereby a motor upon any section may auto-
matically “Dblock” the adjoining preceding
section or sections, so that any motor enter-
ing upon the latter shall be incapable of re-
ceiving any current from the supply-main.
I also use in combination, preferably, with
the switch electro- maﬂ'net a supplemental
coll of high resistance Caneeted as will here-
inafter be described, so that an electric mo-

| tor in passing from one section to another

shall complete the circuit automatically to the

section upon which it is about to enter befme
1t breaks its circuit.

In Figure 1 I have illustrated diagrammat-
ically the simplest arrangements of circuits
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and switches for carrying out my invention.
In Fig. 2 I have illustrated diagrammatically
the Il’lOdlﬁCELthIl in which I employ a supple-
mental main conductor for operating the
switches in place of the supply-main th1011n*h
which the current is supplied to the electric
motors upon the rails.. In Kig. 31 haveillus-
trated diagrammatically a further modifica-

tion, in which a supplemental coil is employed
upon the switch-magnet for pr eventing spark-

ing as the motor passes from one section t0
dnothm

struction.
In the various dmm ams the 1etters A Bin-
dicate the rails of a I'ELIlW&}T thatare employed

as the snpply-conductors for an eleetric mo-

tor—as, for 1nstance D, moving over the line
of

the rails or feed-conductors being made in
any desired manner.

At G 1s indicated a source of electricity—

such, for instance, as a dynamo-clectric gen-
erator, one pole of which is connected to the
rails B, forming the metallic return

line of
from the eleetuc motms while the other

pole 1s connected to an electnc conductor C,
strung upon poles by the side of the track, or

otherwise arranged, and insulated as highly
as possible by proper means. |

A A’ A% indicate sections of rail employved

as the feed-conductors for the electric motor.

These sections are of any desired length, but
Where
the insulation is bad, they should of course :

will vary under various conditions.

be comparatively short. Kach of thesections

A A’ A% is connected with the supply-main G

by a separate branch. Vi
At No. 2, Fig.
rangement of swﬁch whereby desired con-

neotlons may be effected when a motor comes

upon a section and is to draw off current
from the supply-main.

M indicates a core of the electro- -magnet,

and N a simple form of switch-lever, that
consists in the present case of the armature-

lever for the electro-magnet. 'I'indicatesthe

- front contact- Stop for qald armature-lever.

§O

55

The armature is provided with a suitable re- |

tractor that normally tends to hold the lever
away from its stop. In the figure the parts
are shown 1n contact, because it 1s supposed

that there 1s an eleetromotor upon the seec-

tion A’.

The branch through Whlch the current is
supplied for opemtlnw the motor 18 -a nor-
mally-open branch and is formed between

- the insulated conductor C and the section A’,

6o

A7

as 1ndicated, through the lever N, contact T,
and a coll R upon the electro-magnet, which

coil 18 of low resistance and has the function
of holding the parts of the switch in contact

so long as the electromotor is on the section
When the motor is off the section, the
normal connections are from the conductm

- C through a device Q, that I term a “vacuum-
bulb,” and a coil Sof high resistance upon the

core M. Thecoll s constitutes,in fact,the coil

Fig. 4 illustrates a detail of con-

1, I have 111ustmted the ar-

| stop 1".

of the switch electro-magnet. The bulb Q con-

sists of a receptacle of any desired kind par-

tially exhausted of air and containing two

plates or conducting-surfaces b b’, sepamted
from one another by&small mtewal and con-

nected with conductors a a, that are sealedin

the bulb. Thedistance between the electrodes

1s such that whenever an electric motor en-
ters upon the section A’, so as to complete
the connection between the section A’ and
the return B, current may force itself across
the space between b b’ and through the in-
sulating medium, congisting of the partially-
rarefied air, and thence through the coils of

the electro-magnet M. When this occurs,

the switch N is drawn up into contact with

1 the stop I, thereby completing a lower resist-
rails—the connections to said motor from |

ance-circuit between B and A’ through the
lever and coarse-wire coil R, so that current

may be supplied to operate the motor in the
ordinary way. So long asthe motor remains
upon the section the (311_]:1'0111: flowing in the
coils R holds the switch in proper position;
but when the motor leaves the section the

return-conductor 3 permits the switch N to
be withdrawn to its normal position, so as to
break the short circuit of the branch between

1 C and A’ and restore the parts to a normal
condition in which, owing to the resistance

in the vacuum-globe, the conductor C is, to
all intents and purposes, disconnected from
or removed from operative connection with
the section of conduector A’. e

,,/ In order to avoid the danﬂ*el and the es-

75

30

QO

‘breakage of the connection from A’ to the

95

100

cape and waste of current that might arise
from the accidental short-circuiting of a sec-

tion, as A® through the return B, I employ

an arrangement of switch indicated at No. 3,
and consisting of a switch-lever N’, of any

105

desired kind, whose back .contact-stop T/

serves to complete the branch from the con-
ductor C to the section A? that is normally
closed and that serves to convey sufficient
current to enable the switch to be operated
whenever a motor enters on the section. Nor-
mally, as indicated, the circuit from C is
through the coarse wire or coil R? on the elec-

tro-magnet that operates the switch N/, and

thence through the switch N’ and the contact-
The retractor of the switeh N’ is so
adjusted that if the circuit be closed through
the electric motor only the amount of cur rent

SWltCh and open the circuit at TV. If, how-
ever, a bar of conducting material or any
other short-circuiting device be applied to
the section A% so as to complete the circuit
of low resistance between the same and the

return - conductor B, sufficient current will

then flow through the ceoil R*to overcome the

retractor of the switeh N/, and thus open the

circuit of the coil applied to the electro-mag-
net in such way as to draw the switch up.
The second coil §* upon the core is in a cir-

cult of comparatively high resistance from C

lowing will be 1nsufiicient to operate the:

IIO
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to A% and the current flowing in said coil
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when the short circnit is made between A?
and B will be sufﬁuent to hold the switch
against the influence of its retractor and to
thus keepthe branch of low resistance through
TV broken. As will be seen, the switch, in
Tact, operates to substitute for.the low-resist-
ance branch a high-resistance branch, con-

- sisting, essentially, of the fine wire S* and

10

20

30

35

40

45

R0

55

6o

thus prevents leakage so long as the short-
circuiting conductor 18 applied to the section
A or return B. Upon the removal of the
short-circuit conductor the switch-retractor
returns the parts to.the normal position. /

“The devices Nos. 2 and 3 are designed to
be used in combination, and are illustrated
and described here separately only for the
sake of simplicity. At No.1l I have shown
the manner in which they may be combined.
It will be sufficient to describe the circuits
in detail to make clear the manner in which
they act individually to perform the desired
operations. Vhen no motoris on the section
A,theretractorsforthetwoswitches N N’ hold
them against their back stops, so thatthe cir-
cuit through the switeh N and the front stop T

therefor is broken, while the circuit through

the back stop TV forthe switch N’ will be closed.
The connection then 1s to the vacuum-bulb Q,
thence to the high-resistance wire S upon the
magnet-core M, thence to the switch-lever N’,

through the back contact 1TV therefor, and to

the sectionoffeed-conductorA. Thereisalso,

—as will be seen, a connection from the switch-
lever N’, through the high-resistance coil S
of magnet M’, to the section A; but the cur- |

rent or circuit through such coil i obviously
normally short-circuited at the contact TY.
When the motor enters upon the section A,
the current that passes between the electrodes
b b’ and through the coil S operates upon the

switch N and closes the circuit at T, thereby
establishing the branch of low resistance, by

which eurrent issupplied in sufficient amount
to operate the motor. This branch is from
the conductor through swiich N and contact

T’ and coarse-wire coil R, thence to coarse-

wire coil R? switeh-lever N’, contact T, and
to section A. The magnet M might be also
made to act on the switch N and to assist in
the above operation.
the. section, the parts resume their normal
position, as has been before described. In
the above operation the switch N’ remains
at rest, because with the resistance of the
motor in the circuit between the section A
and the return B, current does not pass in
sufficient amount to overcome the retractor
of said switeh. If, however, at any time a
short circuit is formed from A to I3, the
switch N is operated in the same way as
when the motor passes upon the section, thus
establishing a circuit through the coils R and
R* as before described.

resistance, current passes, however, through
the coils R R* in sufficient amount to operate
the switch-lever N’ and break the circuit at
The current now, being obliged to pass !

T,

YWhen the motor leaves -

-Owing to the low

from R? through the fine-wire coil S* on elec-
tro-magnet M’, energizes the cores M’ and M
sufficiently to hold the switeh N’ away from
its back stop 1’. The coil S* being of high
resistance, it, together with the coils R R?,
included in series with it, make up a com-
paratively high resistance included in the
branch from Cto A, and thus prevent the great

| escape of current from section A to the re-

turn B. On removal of the short connection
the parts will resume their normal condition.

| % "I have shown the magnet M as arranged to

act uponthe lever N’; but thisis 0bv10usly not
necessary, and I mig ht depend entirely upon

30

the electro-magnet M’ for the purpose of actu-

ating the switeh N’ upon the formation of a

ShOIt circuit from A to B. |
| 9 I have shown an aua,nﬂ'ement

In Fig.
whereby the switch may be operated to close

the branch of low resistance from C to the .

various sections by means of currentsupplied
on a conductor independent of C and leading
from the same source & or from an independ-
ent source G’. Such supplemental conductor
18 1nd10ated at g, and 1t 18 connected by
branches ¢’ ¢* ¢° through coils of high resist-

| ance S upon suitable electro- -mag nets for op-

erating switch H, and thence through back

| contact-stops TV for said switches with the

various sections A A’, &ec. In this arrange-
ment the conductors C and ¢ have a common
return I3, and the connection for the high-re-
sistance coils to the refurn B is completed
through the same parts—to wif, sections A
A’—through which the supply-current for op-
erating the motors flows from the conductor

C. Independent circuits and connections
might, however, be used for this purpose.

The coils S are of sufficiently high resistance

to prevent any considerable escape of cur-

rent from the conductor g, and, if desired,
the same end might be still better attained
by the interposition in the branches of the

vaeuum -globes d?bembed In connection with -

Hig. 1 |
The switches H are opemted by means of
the current which is permitted to flow across
from the conductor ¢ to the return B upon
the entrance of a motor upon any section of
track. When so operated, they close the cir-
cuit in obvious manner through a low-resist-
ance coll R, analogous to that already de-
seribed, and to front contact T, the switch-le-

ver H, and the section A A, &c., the current

in said coarse-wire coil serving to hold the
switch in proper position while the motor is
on any particular section. The switches and
arrangements of contacts shown are merely
typical of such devieces. It would of course
be preferable to use sliding or friction con-
tacts in practice and to arrange them in such
way that circuit be established at T before
circuitis broken atl'”. Such an arrangement
1sindicated in Fig. 4. The branches from con-

contact of the switeh H, it is obvious that so
long as a motor 1s on a section there can be

Qo
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ductor ¢ being completed through the back
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no escape of current from the conductor ¢ to
the return B, inasmuch as the branch will re-
main open while the current is being sup-
plied from the supply-main.C to the motor.
At Nos. 3 and 4, Fig. 2, I have shown an
automatic blocking arrangement,whereby the
presence of an electric motor upon any sec-
tion will prevent current from flowing to a
motor that may in the meantime enter upon

an adjoining section, as a section at therear.

Such a device consists of an electro-magnet
L of any desired kind, whose coils are in a
circuit of high resistance between a seclion,
as A3 and an adjoining section, as A% and at
which latter the magnet is located, and the
return - conductor B. The circuit may be

made of high resistance by making the coils |

of the electro-magnet L. of very fine wire.
The electro-magnet L. operates upon an elec-
tric switeh W, the contacts of which are in-

- dicated at T? which switeh is in the cireuit,

including the coil S, that operates the switeh
for completing a connection to the section A?
from the supply-main C, as clearly shown.
The switch W consists of an ordinary arma-

ture-lever having i1ts back contact-stops con- .

“nected into the circuit from the conductor ¢
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through the fine-wire coil S, back contact-

stop 17, switch-lever I, and to supply-section
A2  When a motor, as D,is upon the section
A3 the current supplied from the main C

divides through said motor and through the

electro-maenet L. The resistance in the c¢ir-
cuit 1. is sufficiently high to prevent any un-
due diversion of current from the motor.
The electro-magnet 1. 1s thereby operated so
as to move the switch W and break the cir-

cuit of the coil S, so that if a motor now en-
ters upon the section A* the switch IIcannot |

be operated, owing to the break at the points
T? and no cur rent can therefore be supplied
to such motor from the line C.

In Fig. 3 is shown the device by means of
which the spark which occurs when the mo-
tor leaves a section may be prevented. To
accomplish this, it 18 obviously necessary to
establish the circuit between the main C and
the section upon which the motor 1s about to

‘enter before such motor leaves the preceding

section. TFor this purpose I employ a short
section of conductor P, from which a con-
nection is taken to the return - conductor B
through a coil of wire d, which constitutes
the coil of an electro-magnet serving to actu-
ate the switch, by which connection 1s com-

pleted between the supply-main C and the |

next section A’. The coil d is a high-resist-

~ance coil, and is preferably apphed to the

6o

core of the electro-magnet upon which 1s ap-
plied the coil in the connection containing
the vacuum-bulb Q; or,
is applied to the core of the switch-magnet.
When a motor passes from section A to 3eC-

tion A’ it will for an instant span the break

between the section A and the sub-section P.
At this time the coil d becomes a shunt of

| passes over.
I spect, and other devices might be employed

430,329

part of the current passing from A to B will

pass through the said coil d, so as to energize
the magnet M and oper ate the switch that
Serves to complete the branch of low resist-
ance, as indicated, from the supply-main C to
the section A’. Thus a motor on leaving sec-
tion A does not brealk its connection with the
' conductor C until a circuit to the section A’
is made, and a spark is thus prevented. Itis
-obvious that the sub-section P might be ar-
ranged in different ways to complete the cir-
cuit from the section A to B when the motor
I do not limit myself in this re-

7¢C

75

for forming the desired connection without |

departing from the spirit of my invention.

I donot limit myself to the particular forms
or constructions of switch that I have shown,
those illustrated being merely typical of
switch devices, whereby the connections de-
scribed may be effected. The form of the
electro-magnet may also, obviously, be varied
without departing from the spirit of the in-

vention. The vacuum-bulb Q is only one of
a number of devices that might be employed
for the purpose described. 'This will be ob-
vious when it is considered that the essential
characteristic of the same in the connection
set forth is the utilization of a thin layer of
non-conducting material or other medium in-

i terposed between two conducting-surfaces or
| electrodes of proper thickness to ordinarily

prevent the passage of current from one elec-

in other words, it

trode to the other, but upon the establish-

mit current to break across the space, so” as
tooperate the devices in the circult connected
to said electrodes.

- What I claim as my invention is—

1. The combination, in an electric-railway
system, with a section of feed-conductor and
an electro-magnet in a branch between said
section and a lme conductor, of a block elec-
tro-magnet in a circuit of hwh resistance con-
neeted to an adjoining section.

2. The combination, in an electric-railway
system, of a supply-main well insulated, a
feed-conductor divided into sections having
normally-open low-resistance connections to

i ment of a sufficiently high potential to per-

| the supply-main, electro-magnets for complet-

ing gsaid low-resistance connections, and a

| block—mewnet controlling the uremt of said

E,Wlteh—man*nets

3. The emnbmatlon, in an eleetnc-rmlwey
system, with a section of feed-conductor, of
an electric switch for connecting the same to
a sapply-main, an electro-magnet for actu-
‘ating the switch, and a block electro-magnet
controlling the circuit of said switch-magnet,
as and f01 the purpose described.

system, of electro meo'nete and switches for
establishing a conneetion between sections ot

feed-conductor and a well-insulated supply-

main, sald electro-magnets being in branches

or circults 1n which are included two or more

high resistance to the motor-circuit, and a | conducting plates,surfaces,orelectrodessepa-

4. The combination, in an electrie-r a,llway_
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rated from one another by a thin layer of an |

insulating medium or substance, across which

current may forceits way on the establish-
‘ment of a connection by the entrance of a;"‘

motor upon the section of track.

5. In an electric-railway system, the com-
bination of switch electro-magnets for estab-
~ lishing the connection of the several sections’
- with a supply-source and vacuum-bulbs con-
taining separated electrodes in the circuit of
the switch-magnets, as and for the purpose

described.

6. The combination, in an electrie-railway:
system, of a supply-main, branches of low re-
sistance normally open and connected to the
sections of conductorfrom which currentisfed
to the motors, and electro-magnetic switches
having coils in eircuits or branches of high
resistance between the feed-sections and the
supply-main, said switches serving to close
the low-resistance branches when a motor en-

ters upon the section.
7. The combination,

or out of operative electrical connection with

the supply main, of the electro-magnetic.

switches having coils normally connected to
the several sections in branches of high re-
sistance from said supply-main, said switches
controlling the circuits, whereby the sections
of conductor may be connected to the supply-
main, as and for the purpose described.

with the section of
supply-conductornormally disconnected from

4

- 3. The combination, with the sections of
conductor A” A® A3 each extending substan-
tially the whole length of a feed-section for
the electric railway, of switch electro-mag-
nets in normally-connected branches of high

| resistance leading from a supply-conductor to

sald - sections of conductor A’ A* A® and
switehes controlled by said magnets for sev-
erally making a low-resistance connection be-
tween theinsulated supply-conductor and the
several sections of conductor from which cur-
rent 1s fed to the motors.

9. In an electric-railway System the com-
bination, with a line-supply conductor, of
electro-magnetic colls in normally-open low-
resistance branches from said conductor, as
described, for keeping ithe same closed while
the motor is on a section until the circuit is
broken tothe return-conductor by the motors
leaving a section, and switch-magnet coils in
branches of high resistance leading direct
from the same line-conductor to the sections
of feed-conductors A A’, &ec.

digned at Hartford, in ‘the county of Hart-
ford and State of (/onnec,tlcut this 24th day

of March, A. D. 1885.

MERLE J. WIGHTMAN.

Witnesses:

H. M. LINNELL,
CHAS. K. DUSTIN.
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