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UNITED STATES

PAaTEnT Orwice,

ELIHU THOMSON, OF LYNN, MASSACHUSETTS, ASSIGNOR TO THE THOMSON-

HOU’ST(SN ELECTRIC COMPANY, OF CONNECTICUT.

SAFETY CONNECTION FOR INDUCTION-COIL SYSTEMS.

SPECIFICATION forming part of Letters Patent No. 498,918, dated May 9, 1888,
Application fled October 8, 1388, Serial Ho, 287,664, (No model.)

To all whom it may concern.: _
Be. it known thatI, ELigy THOMSON, a ¢iti-
zen of the United States, and a resident of
Lynn, in the county of Essex and State of Mas-
5 sachusetts, have invented a certain new and
useful Safety Connection for Induction-Coil
Systens, of which the followingis a specifica-

tion. . )

In fhe operation of electric cireuits carry-
ro ing currents of high tension,a souree of dan-
ger arises from the fact that a neighboring
loeal circuit or conductor, or conducting ma-
terial, may become accidentally connected
with the high tension cireuit.” Under this eon-
15 dition a person whose body forms a ground
connection from the local eircuit or conductor
may receive a dangerous shock if at the same
time there be a distant ground upon the main

or high tension circuit. This danger is pres-

2o ent in greater or less degree whether the
neighboring conductor be earrying an electrie
current or not, and it is the object of my in-
vention to provide for any condition where
from the location or nature of the neighbor-

25 ing conductor it may acquire acecidenfally, for
the time being, the tension of a-high tension
circuit and so may become a source of dan-
ger to a person touching the same, )

My invention while applicable to many

30 cases is especially designed for application to

- systems of electric disfribution in which the
local or neighboring cireuit is the path of
currents derived, abstracted, or converted
from the main but-of lower tension, a well

35 known example of such system being the al-

ternating current system of distribution by
induetion coilsor converters. Other systems
are referred toin my prior patent No. 322,138.

In my present invention I aim, as in my

4o prior patents, to protect a person touching a’

condueting medium, for the time being, in
connection with the high tension cireuit, by
means of a low resistance ground or cireuit
from sach conducting medium around 'his
45 body, but my present invex_ltion differs from
my priotinvention in that in the former case

there is always a low resistance safety ground-

wire or cireuit from the local or secondary

circuit or from the septam between the pri-:

‘50 mary and secondary coils of the converter,
while in the present instance the low.resist-

‘a8 film and vagnam eut outs are’also used for
the same purpose, tha:only difference being -

ance ground circuit is not established until
after the high potential of the primary or
main is transmitted to the secondary or other
conductor in proximity to such main, 55

My invention therefore furnishes all’ the
protection afforded by the employment of the
device forming the subject of my prior pat-
ent without, however, any of the objections
which are incident to the use of a permanent
low resistance ground connection from. the
secondary or local circuit or other conduct-
ing mediam which is normally disconnected
from the main line carrying the earrent of
high tension but which, if permanenily con- 65
nected to'earth by a low resistance, might in-
vite the escape of the high tension currents:
from the main line,

My invention consists essentialiy in' the
combination of a main iine cirenit earrying yo .
currents of comparatively high potential, a
local or separate circuit or conductor which
is normally disconnected from said line but,
is liable to receive the high tension current
escaping from the line to said Separate con-
duetor or cirenit, and a ground cirenit or con-
nection taken from a part of the apparatus
or cireuits normally disconnected from the
main line but containing a high resistanee
and means for establishing.a, substitute low 8o
resistance safety ground connection by the
action of any high potential eurrent which
may escape from the line to the paris dis-
connected therefrom and pass over the high
resistance to ground. :

In’earrying out my invention I may use as
the means for establishing the substitute low "
resistance circuit, any devices kncwn in the
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-electric art whereby a current flowing on g .

cireuit may establish another cireait or con-
nection made up in whole or in part-of ihe
wires or cireuit through which eaid .eurrent
flows or consisting of wires or paths entirel

independent or separate from the ‘wires or
paths which . carry the initial currant; Va-
rious devices ar, known to electricians for
this purpose, the simplest .being an electro
magnet the armature of which shall cloge
electric contacts when the magnet is excited
to a sufficient degree. - Other devices known
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‘that in the case of a film cut out the path or
cireuit established by the action of the initial
current is principally made up of the same
wires or conductors through which the cur-
rent first flows. _

Other devices than those specifically de-

" seribed herein are known to electricians and

will not be set forth in detail those described
being sufficient to illustrate the principle of
my invention which consists, as before stated,
in the combination with the local or inde-
pendent conductor normally disconnécted
from the main line earrying the current of

- high temsion, of & high resistance ground
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connection applied as hereinafter set forth
and ecombined with any suitable means for
establishing a low resistance ground connec-
tion as a substitute eircnit or shunting cir-
cuit. - : .o

The high potential eurrent in passing over
the high resistance cireuit may establish the
low resistance circuit for itself in any desired
manner through heating, disruptive, electro-
lytie, thagnetic or other effects of an electric

current, thus giving rise to movement of con-’

tacts for establishing proper relations.or con-
ditions of an electric conductor or conductors

sunitable for forming an eleetric circuit or con-’

nection. Some of the expedisnts that may be
employed will be: presently deseribed. The
high resistance may be eomposed of any me-
dinm and may even consist of a rarefied gas
or vapor, as will be described. '

- My invention consists furtherin certain de-

tails which will be deseribed -and then spe-
cifically claimed. '

Inthe accompanying drawings:—Figures 1,
2, 3,4,5 and 6, 1llustrate various modified ar-
rangements of one way of carrying out my in-
vention. Figs. 7, 8, 9, 10, 11 and 12, show
modifications in the mannerof practicing my

- invention as will be more particularly stated

:45.

in the detail deseription of these fizures,

In the form of my invention illusirated in
Figs. 1 to 6,the normal ground cireuitismade
of high resistance by the interposition of a

_ thinlayer or filin of an insulating nedium be-

§0
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tween two electrodesin the cireunit. -Thehigh

‘potential current punctures or pierces the film-
and by so doing estdblishes a-dire¢t connee-

tion between the eleotrodes thus forming the
low resistance or safetycirenit. Thusin Fig.
1, a and b, indicate a high potential primary

line, & brauch from which passes through a
primary coil P, in thé ordinary way, wound:
for high potential, and which: is the primary-

of an induction eoil.” Thesecondary S, of the

_same coil, wound parallel to the coil P, is used

to feed a consumption circuit of lights L, L,
or other devices .in the usmal manner, suit-
able fuses being provided in both primary
and secondary circuits £, £,f’,f’. Fromsome

‘point in the secondary circuit, preferably

“"near the middle, 2 connection is taken to &

65

contact piece K, bearing on’ a film or a thin
layer of insulating material F, of oiled paper
or of other material, and with an earth plate.

496,018

or connection G,on the other side of the film,
forming, as it were a film cut-out -or weak
spot in the insulation between the earth or
ground and the secondary circuit. So long
now, as no connection whatever exists be-
tween the primary coil or cireuit P, recsiving
high potential discharges and the secondary
coil or circait S, in which low potential cur-
vents are induced there will be no dis¢harge
tending to puncture the film ¥. If, however,

.8 connection, either temporary or permanent,

is formed between the circait a, b, or primary
coil P, and the secondary coil 8, or other con-
duetor such that the potential of the primary
line or other conductor is taken up by the

secondary, the film F,is punctured by theen-

deavor of the high potential current to leak
to ground, provided, of course, thatanywhere
on the primary ¢ireuit a, b, a sufficient leak-
age or staticindaetional capacity or tendeney
exists to give rise to the necessary discharge
to earth in puncturing the film. It is need-
less to say thatsuch leakorstaticinductional

8o
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eapacity is.usually found in-a cirenit of con- -

siderable length. When the film F, has been
punctured, the conductor or secondary coil S,

is then connected solidly to earth by a cir-.
.cuit of low resistance and no danger can ex-

ist in touching the wires of thesecondary cir-

| cuit, even though connected with the primary

circuit, when a person may be at the same

time grounded, for ‘he is already shunted by

the connection through the electrodes K, G,
to earth. After the film is punotured the de-

'vice becomes the same in essence as that de-
‘seribed in my former patent.

-In my present invention the low resistance
groundingof the secondaryor other conduector
to earth does mot occur until the secondary
has reached the same potential ora large part
of the potential of the primary, when an in-
stantaneous puncturing of the film F, takes

place.
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‘It may be well in some cases to shunt the -

film as it were, or rather to place around the
film a condenser, as' in Fig. 2, of small ca-

pacity, the condenser being represented at C, -

and consisting of platesseparated by insulat-
ing material in the ordinary way, the plates

with the cennection to the aoil S, or septum
near it. "In this case a smallamount of static

‘induction or leakage may occur between the

primary and secondary without forcing the

-puncturing of the film F, and the formation
of a good ¢onnection between the metal pieces

normally separated by said film, the. con-

denser G, acting to prevent the ground which

would reach the secondary by such small or
slight induction or leakage; but if a solid con-

I3

~opposed to each other being respectively con-
-nected one to the ground circuit and the other -
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nection between the primary coil P,and the = -

.secondary coil 8, be formed, then the con:

denser G, is insofficient in_capacity to.con.

dense or lower the -potential of .the alternat-
ing discharges which reach the secondary and.
‘the film is at once punctured, ‘making the

130
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_ with the wires m, 7,
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connection to earth as before and shunting
the condenser. .

In Fig. 1, the connection has been shown as
made to the secondary itself, but the line fed
by it may also be in connection. Thus in
Fig. 3, the dottedlinefrom the secondary rep-
resents & connection similar to that of Mg, 1,
but in place thereof, or in addition thereto
there may be arranged connections m, n, one
wire from each sideof the local circuit, which
wires m, n, terminating in-spring contaet
pieces K, K’; bearing on films F, ¥/, or thin
layers of insulating material, bear down on
stationary blocks G, G/, which blocks are con-
nected to the earth plate E. The condenser
G, is'in this case a double one, ong ‘pole or
plate of which is connected t¢ theearth plate
and the other plates respectively connécted
or the. pieces K, K’, as
shown. In some cases this condenser might
be dispensed with and the connections thereto

removed leaving the double film arrangement

23
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intact.
of these films F, F’ will ground the second-

‘ary, and the breaking through'of both simul-
taneously would not only ground the second--
".ary but extinguish the

lights L, I, by caus-
ing 4 short circuit of the secondary whieh

would melt the fuses £, £, ‘in the secondary
circuit, thus diseonnecting the secondary or .

local wire from the line feeding the lights.

It is useful to combine the two fitm switches
or connectors into a single compaet device,
such as is represented in Fig. 4. .Here the
-earth connection is made to a spring strip or
strips of metal G, G’, whose ends bear upon

‘the films F, ¥/, placed on buttons K, K/, as

shown, the buttons K, K’, being placed on a
common base and connected as'in Fig. 3, with

the sides of the working cireuit or with any
" other part of the seeonidary circuit,

There
of the
to the

is a tendency on account of thespring
pieces G, G/, bearing upon the films

. fyrmation of a connection between the oppos-

, ing contact pieces should the films

be punct-
ured.. The whole of the parts can be mounted
upon a suitable insulating base. This device
may be attached to any cireuit in existence

_ inwhicha high potential current is converted

so

:55.

. ducting septum interposed-

60

.65_

by induction or otherwise into a low poten-
tial current on a local and separate cireuit

and forms an efficient safe-guard when the-

films F, F’, are not of. too great thickness or
too difficult to punecture,

ground wire or eircuit as leading.from a con-
. between the pri-
mary or main ahd the secondary or loeal cir-
cuit and which septum’ assumes or partakes
of the dangerous potential of the secondary
or local whenever the latter becomes' con-
nected with the main or principal eireuit car-
rying the current of high tension by any dis-
charge tending.to pass from the high poten-
tial primary ito the secondary. This sheath
or septum is placed between the primary and

In my former patent I hayeshown the safety -

‘thesecondary coils wherever they are opposed,

The breaking throuigh of either one

“narily necessary,
-euit should include some device such as an

or wherever they are capable of having a
connection formed between them, either di-
rectly or through the iron core itself of the
induction coil, &e. Thus I wrap either the
primary or the secondary coil with a ribbon
of thin copper, connecting the ribbon either
toground as in my former invention or con-
necting it with ‘the film switek F, as in Fig,
5, I, representing the interposed .conductor
between the primary ¢oil P, and the second-
ary eoil 8, and T, the earth plate. o

- The interposed sheath may, as in Fig. 6,
be formed by wrapping a copper sheet over
the secondary coil §, so as to either .eover it
in part or entirely, but so that no closed cir-
cuits may be set up in the ‘copper sheet it-
self. This
any form of induection coil, all that is neces-
sary being to so dispose the sheath that it
shall inclose so much of either the primary
or secondary or both as may be subject to
the possibility of interchange of current or
electric action between them.

In Fig.7,1 haveshown how the high tension
current when it forces itself over the high re-
sistance ground cirenit may establish its low
resistance circuit by means of a magnet. The
low resistanee circuit is through‘the contacts
of a spring or otherwise actuated switch 82
that is normally held open by the armature
of a'magnet H, in the high resistance cirenit
formed as before, When at the first passage
of the high tension current the ‘magnet is
energized its armature is attracted- and the
low. resistance or safety circuit established
through 82, in-obvious manner.

interposed sheath is applicable to.
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It is obvious that, as shown in Fig. 9, the . .

electrodes K and G, and interposed film might
be omittéd and the high resistance obtained
in other ways as by winding the magnet with
very fine wireor by interposing in the eircunit
an artificial resistance of other character in
addition to the resistance of the magnet.

By a well known device indicated in Fig.

10, the switch of the low resistance eireuit .

may be held closed by the current of such
cireuit instead of by a released spring as in
Fig.7. Thisiseffected by providing the mag-
met H, with a eoil
circuit as indieated. When ‘the low resist-
ance eireuit is established otherwise than by
the disruptive action of the high tension upon
a material normally-holding electrodes apart,
as in Figs. 1-5, the high resistance path may
be formed through electrodes separated by

H? in the low resistance -

103
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_an.insulatingimedium, such as rarefied air or -
gas. In this case it is desirable, and ordi: .

that the high resistance-eir-

e_leetrp magnet by actiug wpon which theini-
tial discharge to earth may operate or bring
about the operation of electrodes or contacts

- which shall close the low resistance eireuit,

Such a form of my-invention is indicated ‘in.
Fig. 8, where the electrodes K, G, are shown
held in close proximity in a globe or receiver
M, of glass or other material partially ex-
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hausted of air. The high tension current in
forcing its way across from one electrode to
another'operates upon the magnet in the high
resistance cireuit with such electrodes and so

establishes thelow resigtance circuit for ifself

~ by means of the switch or contact lever S%°
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Fig. 11, illustrates one of the ways in which
the heating effect of the current of high ten-
sion’ upon the high resistance circuit may be
employed to bring about the establishment of
the low resistance path. The high resistance

path consists of a heating coil a? connected.

to earth and wound around a bar of iron, cop-
per, or other conducting material to which
the heat produced by the Ligh tension cur-
rent in the coil may be imparted. 'The cop-
per bar forms a part of the low resistance
path being attached to the normal high re-
sistdnece eireuit at the point 7, as indicated,
and having at its end a fusible ordestructible
film of shellac or pyroxyline, or other suit-
able material which normally holds a contact
-devies 12, outof electrical connection with the
bar. The contact 1% is connected directly to
earth, and when the film is destroyed or re-
‘moved, owing to the large heating effects pro-

duced by the high tension current, the con-.

tact b? establishes connection with the end
of the copper bar thus establishing the low
resistance etreuit in obvious manner. - | .
- In Fig. 12, the normal high resistance path
is shown as including a fine wire coil a? of
an induetion coil or transformer T. The sec-
ondary ¢ of said transformer is of coarse
wire and includes in its cireunit a fusible strip
J? that serves to hold the low resistance cir-
cuit closer S open.. The current normally

leaking to earth through the coil' a? is not

sufficient to produce fusion of the strip d?
but, when through connection of thelocal cir-

- eunit or coil with the high tension circuit, &

45
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. tion or connectionsé from ‘a conductor appa--

65

eurrent of large volume forces its way-over
the normal high resistance so that the heat-
ing current is increased in the secondary c?,
the device or stop @3, melts and permits the
switch 8, to close the low resistance path.
1t is of course understood that the arrange-
ment shown in Fig. 12,is especially designed
for use with systems using alternating or
varying high tension currents upon the main.
The special devices shown in Fig. 12, forms
the subject of another application for Patent
filed by me. (D. 489.) .
Other means will readily occur to electri-
cians whereby. the current in a high resist-
ance cirenit may bring about: the establish-
ment of a circuit of low resistance formed in

greater or less degree of the original path-or |

entirely independent thereof. .Iwishit-to.be
understood-that my invention is not limited
to any special devices but consists in the ap-
plication of suchdevices in a ground connec-

ratusor condiicting object normally separated
from but liable to aceidental connection with
a cireuit carrying eurrentof high tension, the
purpose being to provide for the establish-

ment of a low resistance ground connection
as a.measure of safety when dangerous or
other abnormal condition arises, but at all
other times to leave such circuit conductor,
septum, or object in its normal or practically
ungrounded electrical condition. .

70

The use of the two electrodes connected in -

the safety ground cireuit buf normally insu-

15

lated from oneanother by a thin film or layer -

of some insulating material and the applica-
fion to such device of a condenserin ashunt

.around the electrodes as hereinbefore de-

seribed, I do not claim specifically in this ap-

plication as these devices form the subject of -

specific_claims in another application for
patent filed by me August 5,1889, Serial No.
319,834, Nor do’I ¢laim herein the use of a
condenser in a branch around the electrodes,
as this is also the subject of claiis in the ap-
plication named. o

‘What I elaim as my invention is—

1. The cowmbination, substantially as de-
seribed, of a main line eireuit, a local or sep-
arate cirenit or conductorsdisconnected from

‘said line but liable to accidental connection
‘therewith, a ground circuit or connection

taken from a part of the apparatus or cireuits
normally disconnected from the main line and
of sufficient high resistance not to interfere
with the normal operation of such cirenit,
and means for establishing a substitute low

8o
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resistancé ground connection by the action

of high tension current accidentally escaping
from the .line to the parts normally discon-

nected therefrom and passing over the high

resistance to ground. :

2. The combination, substantially as de-
seribed,of a main line, a local or independent
eirenit or conductor normally out of connec-

tion with said main line, connectionstoearth"

from a part of the apparatus disconnected

tonsion current accidentally escaping from

the line but having an interposed high resist-

ance placed in the connections leading vo
earth, and means for establishing a substitute
low resistance cireuit or connection by the
action of theelectric energynormally supplied
to said line but escaping therefrem and pass-
ing to ground through such high resistance.

3. The combination, substantially as de-
scribed, of a high tension main line, a low

tension local line, an interposed converting

102
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- from the line and adapted toreceive any high .

110
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appliance, a ground connection from the local .

circuit orconductors containing an interposed
high: resistance,and means.for-establishing a

substitite low registance safety connection .

by normally supplied high tension current of

said main line escaping therefrom to the Jocal

citeuit and thence to ground through the high

resistance. »
4. The. combination, substantially as de-
seribed, of a high tension main line, a con-

verter, a low tension loeal, a normal ground

connection from the latter of considerable re-
gistance, and means in. the ground wire or
connection for establishing a substitute low
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resistance safety path or connection by the
action of the normal high tension 1nain line
current accidentally escaping therefrom to
the local and thence over said- ground con-
nection. = : -

5. The combination with a main line, of a
loeal or independent line, an interposed con-
verter, a high resistance ground connection

from each side of the local line adapted to

form & path for tha high tension current flow-
ing from the main line, and a- fuse between

the converter and the local cirenit whereby,

in case of the establishment of both grounds
and consequent short circuiting of the local
side of the converter, the fuse ‘may operate
to-disconnect the local wire or cirenit from
snid eonverter. ’ ,

6. The combination, substaniially as de-
seribed, of a main line carrying alternating

currents, a transformer, a local circuit sup-
plied with currents of lower potential from

‘the secondary.of said transformer, a.ground

connection from each side of the secondary
wire or cireuit to earth containing a high re-
sistance with means for substituting alow re-
sistance path or connection, and a fuse be-
tween each terminal of the secondaryand the
loeal wire or circuit whereby said wire or eir-
cuit may be disconnected from the secondary
be established. :

Signed at Lynn, in the county of Essex and
State of Massachusetts, this 26th day of Sep-
tember, A. D. 1888..

-ELIHU THOMSON.

in case both low resistance grounds should 3o

Witnesses:
J. W. GIBBONEY,
GEO. E, EMMONS.
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