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To all whom it may concern: -

Be 1t known that I, GEoreE N. EASTMAN,
a citizen of the United States, residing at the
city of Chieago, in the county of Cook and
State of Illinois, have invented a certain new
and useful Improvement in Safety Devices

- for Alternating-Current Distribution, of which

10

-the following 1s a specification. &

. My invention relates to safety appliances
for- use in alternating-current-distributing
systems employing two or more conductors;
and the object of the invention is to provide
an electrosensitive device adapted to be au-

~tomatically operated from an alternating-
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current system for indicating a ground or

breaking the circuit on which a ground oc-
- CUTS. | o

- In theaccompanying drawvings , which form

a part of this specification, I have illustrated |

my Inventlon in one of its many possible
forms—to wit, a form applicable to the com-
mon three-wire system connected to a star-
wound grounded alternating generator.
Figures 1 and 2 are piaced on separate
sheets to obtsin a suitable scale of drawing:;
but the two figures taken together represent,
diagrammatically, a single apparatus.
‘Referring to the drawings, F represents an
alternating generator connected to the dis-
tributing-conductors A B C and grounded at
G 1n the usual manner. '

~ B, and C are each wound with an equal num-

ber of turns upon the preferably laminated |

1ron-ring core D in such manner that each

35

40

45

55

will have the same inductive effect upon said
core. .Said conductors A B C.are of course
insulated from.each other and from the core

D and for the purpose of illustration may be

consldered: to be covered by any suitable in-
sulating material. It is desirable not only
that the windings should induce the same
strength-of magnetic flux in the core, but that
the windings should all be distributed in the
‘same mahner over the core, and this'may be
obtained by winding the conductors over the

core simultaneously, as suggestéed in the

drawings, (each being of course suitably in-
sulated,) or said line conductors A B C may
be wound in three different layers, one on top
of the other, each with an equivalent number
of turns and each layer being properly insu-
lated. From said core said conductors A B
C may lead either-to a line-current trans-
former or to the distributing-lines direct. An
independent conductor E is also wound about
core D in such manner that any magnetic

Said conductors A,

| flux therein will induce a current in said con-

ductor. The manner of winding is not essen-
tial, and it may be wound simultaneously
with the conductors A B C, as suggested in
the drawings, or it may constitute a com-
plete or partial layer upon core D,insulated,
of course, from said core and from the other
conductors. ~ Said conductor E is connected
to a satety device—for example, the relay R—

adapted to operate the circuit-breaker illus-
-trated in Fig. 2. The form of circuit-breaker

1s immaterial, the illustrated form consisting

of a switch', adapted to control the circuit

in the hines A, B, and C. Said switch is

spring-influenced to open and is held in closed

position by meansof the hooked arm 4, spring-
influenced to remain set. Said arm is re-
leased by the solenoid 7 in' the relay-circuit 7.

In operation so long as there is no escape
of hne-current from any of the lines A, B, or

C to the ground the currents through their

respective windings on core D will neutralize
eac%'other and no flux will result in said core.
As soon as a ground oceurs, however, part of
the current fed through the transformer will
return to the generator ¥ through the ground,
and thus destroy the balance in the current-
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transformer or line. This will cause a mag- |

netic flux to be set up in the core D, which
will in turn energize the winding in the con-
ductor E, thus operating the relay R and
switch A to break the circuit.
derstood, of course, that instead of a circuit-

breaker other safety devices may be substi- .
‘tuted, such as an indicator of the galvanome-

ter type,employing aneedle deflected through
the action ofits motor element when subjected
to the current in the local circuit E. -

1t has been found in actual practicein high- .

tensren systems, especially in underground-
cable work, that in nearly all cases the short
circuits have first started as a short circuit
between one conductor and ground and sub-

sequently developed into a short circuit be-
Under the usual op-

tween two conductors.
erating conditions a little time would elapse
before the insulation would burn sufficiently
to result in a short circuit between conduc-

tors. - The interim would be sufficient for the
operation of my device, and consequently by

employing it a ground may be detected and

‘removed irom the system before it has had
time to develop mnto a ghort circuit between

conductors. As a result, the trouble will be

system as is effected thereby.

1t will be un-
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hmited to -a single line and such part of the
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- My device is applicable to any polyphase |

- system employing two or more conductors.
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In any single .polyphase system the sum of
all of the currents 1s equal to zero, and there-
fore 1t makes no difference with my device
whether the load on the circuit is balanced or
not. Nothing except a ground or a shunt
will produce any flux in the core. It is not
necessary that the generator be grcunded,
for the return may be effected through the

electrotstatic capacity of the line conductors

or mains of the system. Toillustrate, take the
example of a three-phase underground-dis-

“tributicn system where the generator is not

grounded and employing cable consisting of
three conductors inciosed in a sheath of lead.
In such case there will be a condenser action
in the cable itself, for although the resistance
through the 1nsulation covering each conduc-
tor 1s high there is nevertheless some flow
between conductors and even between the
conductors and the sheath, the sheath being,
electrically considered, the same as ground.
In such a system the electrostatic capacity
between conductors and ground will nor-

mally be balanced, and the charging-current

will therefore be the same on all three con-

ductors; but in case of a ground on one of the
conductors the condenser between that con-
ductor and ground will be short-circuited, or,
in other words, there will remain no con-
denser action between that conductor and
ground. The pctential between the other
two conductors and ground will consequently
be raised and the charging-current through
the grounded conductor will be increased.
This would of course throw the system out
of balance, and core D would be energized
and operate the safety device as before.
Although 1t 1s preferable to use a closed-
circuit metallic core, the core may not be
closed, and it would even be possible to en-
tirely omit the core and permit the induced
magnetic lines of force to pass through the air,
the coils being wound the same as before in
such manner that their mutual inductances
would bear the same relationship to each
other. = There may be tumes in a three-wire
system, for example, when there 1s current
flowing in only two of the main conductors,
the third temporarily carrying none. . Under

such conditions, however, the vectorial sum
of the currents will still be zero so leng as

no current 1s through accidental ground or

‘other shunt, and the currents would therefore

still be balanced and cause no energizing of
core D. - _ |
Having thus described my invention, what
[ claim as new, and desire to secure by Let-
ters Patent, 1s— o
1. Anautomatic safety device for alternat=
ing currents consisting ol a plurality of cir-
cuit-conductors arranged on different sides
of the system and their electromotive forces

818,424

independent windings insulated from each
other, one fur each of the circuit-conductors,
arranged in clise proximity and bearing the

same inductive relationship to each other,

whereby the inductance is neutralized when
the vectorial sum of the currents in the cir-
cult-conductors is zerv; and an extra coil for

~controlling an electrcsensitive device, said

70

extra coil being in position to be inductively .

enfirgized by any one of the first-mentioned
colls.

2. An automatic safety device {or alternat-
ing currents consisting of a plurality of line
conductors arranged on different sides of the
system and their electromotive forces differ-
Ing from each other in phase a core having

the line conductors insulated therefrom and

from each other and wound substantially in
balance thereon; and an electrosensitive de-
vice adapted to be influenced by magnetie
lux 1n said core. |

3. An automatic safety device for alternat- -

ing currents consisting of a plurality of line
conductors arranged on different sides of the
system and their electromotive forces differ-
ing from each cther in phase a core having the
line conductors wound substantially in bal-
ance thereon said line conductors being elec-
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trically non-connected; an electrosensitive -

device; and a conductor connected to said
electrcsensitive device and having a portion
wound around said core to be energized by
the magnetic flux theremn.

4. In a distributing system for alternating

currents, the combination of a magnetic core;
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a set of line-conductors insulated from each

other and arranged on different sides of the
system and differing in phase from each cther
wound on sald core in balance so that at any
portion of said core the vectorial sum of the
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electromotive forces is substantially zero; an
electrcsensitive device; and an independent

winding ¢n saild core connected to said elec-
trosensitive device for operating the same

when said core has magnetic flux set up .

theremn.
5. In a distributing system for alternating
currents, the combination of a metallic ring;

a set of line conductors insulated from each

other and having independent windings of an
equal number of turns upon said ring; said
line conductors being arranged on different
sides of the system and differing in phase
from each other; an electrosensitive device;
and a separate conductor connected to said
electrosensitive device and making a number
of turns around said ring.

6. In a distributing system, the combina-
tion of an alternating generator; three line

| conductors connected thereto on opposite
sides of the system whereby their electromo- -

tive forces differ from each other by one-third
of a period ; a magnetic core; three equivalent
windings around said' core electrically con-

differing from each other in phases a group of | nected to said line conductors and insulated

1I1C
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from each other; and an electrosensitive de-

vice adapted to be operated by magnetic flux
1n said core.

- 7. In a three-phase, alternating system of

electric distribution, the combination of an

alternating generator; three line conductors
leading therefrom and differing in phase by
one-third of a period; a closed-circuit mag-

- netic core; three independent windings insu-
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lated from each other and symmetrically
arranged on said core snd connected to said

Ime conductors, and an electrosensitive de-
vice adapted to be operated by magnetic

flux 1n said core.

8. In a three-phase, alternating system of

electric distribution, the combination of an
alternating generator; three line conductors
connected thereto so as to differ in phase by
one-third of a period; a laminated iron ring;
three independent windings of an equal num-
ber of turns symmetrically wound around
sald ring and insulated from each other; a
fourth winding wound around said ring
symmetrically with respect to the other three
windings; and an electrosensitive device op-
erated by said fourth winding when a current
1s iInduced therein. S

9. A system of alternating-current distri-

bution having a circuit-breaker for its mains

and apparatus governing the circuit-breaker, .
sald apparatus including inducing-windings

all 1msulated from each other and their cur-

rents differing in phase from each other, and |

each main of the system including one of said
induecing-windings, and said apparatus also
mcluding a circuit having a winding in trans-

former relation with each of said inducing~

windings. _ |
10. A system of alternating-current dis-
tribution having a circuit - breaker for its
mains, which mains differ from each other
in phase, apparatus governing the circuit-

- breakers, said apparatus including inducing-
- windings each in 2 main of the system and
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- rent distribution having a circuit-breaker for
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imsulated from each other, a secondary wind-

ing 1n transformer relation with each of the

1nducing -windings and a magnet governing

the circuit - breaker and receiving current

from the secondary winding substantially as

described. |
11. A polyphase system of alternating-cur-

its mains, said mains differing from each
other in phase, apparatus governing the cir-
cuit-breaker, said apparatus including indue-
ing-windings each in a main of the system
and insulated from each other, a secondary
circult having a winding in transformer re-
lation with each of the inducing-windings,
and a magnet governing the circuit-breaker
and recerving current from the secondary cir-

cuit, substantially as described.

12. A system of alternating-current dis-
ribution having an electrosensitive device,
apparatus governing said device and includ-

8

ing a core having windings-thereon each in-
cluded In a main of the system, and each in-
sulated from the other and having their elec-
tromotive forces differing in phase, said appa-
ratus also including a secondary circuit hav-
ing a winding in transformer relation with
each of said inducing-windings.

13. A system of alternating-current dis-

tribution having three mains arranged on

different sides of the system and differing
from each other in phase by one third of a pe-

riod, a circuit-breaker for said mains and ap-

paratus governing said circuit-breaker, said
apparatus including a plurality of windings,
one adapted to have current induced therein
by any one of the remaining windings for op-
erating said circuit-breaker, said remaining
windings being insulated from each other and
each connected to & main of the system.
14. A system of .alternating-current dis-
tribution having three mains arranged on dif-
terent sides of the system and differing in
phase by one-third of a period, and an elec-
trosensitive device, apparatus governing said
device and including a core hayving insulated

~windings thereon so proportioned that in nor-

mal operation no field 1s set up in said core,
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each main of the system including one of said

windings. _

15. A system of alternating-current dis-
tribution having three mains arranged on dif-
ferent sides of the system and differing in
phase by one-third of a period, an electro-
sensitive ‘device, apparatus governing said
device including inducing-windings each in a
main of the system, and a secondary circuit

having a winding in transformer relation

with each of the inducing-windings and sup-
plying current to said electrosensitive de-
vice, sald Inducing-windings being insulated
from each other and so proportioned that
normally no magnetic field is set up by them.
- 16. A system of alternating-current dis-
tribution having mains on different sides of
thesystemdiffering from each other in phase,
an electrosensitive device, apparatus govern-
ing sald device including inducing-windings
insulated from each other, each main of the
system including one of said inducing-wind-
ings, and a secondary circuit having a single

the inducing-windings and supplying current
to said electrosensitive device, said inducing-
windings being insulated from each other and
so. proportioned that normally no magnetic
field is set up by them. -

17. In combination, a source of polyphase
- current, inducing-windings connected thereto
“and normally producing no flux ‘of any kind

by reason of their currents differing in phase,
and the windings being so wound in balance
that the currentsneutralize each other asfar as
inducing action of the windings is concerned,
a secondary winding in which current is in-

‘duced when the inducing-windings jointly
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winding in transformer relation with all of =
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produce flux, and an electrosensitive device
operated by said secondary winding substan-
tially as described.

- 18. In combination, a three-phase gener-

ator, three insulated main conductors con- |

nected thereto so as to differ in phase.by one-
third of a period, & magnetic core, said main
conductors being so wound upon said core
that under normal conditions the integrated

sum, algebraically, of all of the vectors in |

such portions of the mains as are wound upon

- 818,424

' said core remain substantially at zero, and
an electrosensitive device adapted to be in-

fluenced by said core when the same is ener-
gized. ~ :

In witness whereof I have hereunto sub-
scribed my name in the presence of two wit-

nesses. _ )
| GEORGE N. EASTMAN.
Witnesses: - |

~ Howarp M. Cox,
M. C. HurcHINGs.

15



	Drawings
	Front Page
	Specification
	Claims

