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To all whom it MY CONCEFTL.

Be it known that I, PERCY Il THOHAS a
citizen of the United Sbates residing at Pitts-
burg,in the county of Alleghen}? and State of
Pennsylvania, have invented a new and use-
ful Improvement in Protecting Devices for
Electric Circuits, {Case No. 830,) of which the
following is a specification.

My invention relates to devices employed
for protecting electrical circuits and appara-
elec—
trostatic” disturbances. DBy ‘‘electrostatic”
or ‘“‘static” phenomena are meant those
changesin electric potentialsor charges occur-

ring in connection with electric wovk-circuits

that are not directly produced by the generat-
Ing apparatus.

not directly maintained by the prime mover
of the system, and hence is of comparatively
small amount. Such flow of energy may be
in the form of electricity at very high poten-
tial and may be produaced by many causes—
e. ¢., lightning discharges, grounding of cir-
cuits, smtchmg, resonance in cables, &c.
The object of my invention 1s to prowde a

~device which shall be adapted for alternat-
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ing-current circuits and which shall embody

an effective means of facilitating the passage
of current rushes due to dangerously high po-
tentials,while preventing the dynamo-cun ent
from followmg the static current, and this
without materially impeding the static dis-
charges and without rendering the apparatus
employed either complicated Or expensive in

construction.

My invention consistsof a spark gap or gaps
so chosen as to be broken down by any vol-
tage considered dangerous, but able to with-
Stand the normal voltage from the generat-

ing apparatus between the parts of the clir-
cuit connected by the gap or gaps, a cur-
rent-limiting body or device that 1S non-po-
lamzable, that is of such character and dimen-
sions as to restrict the flow of current with-
out producing a magnetic field of any consid-
erable amount, and that is indestructible un-
der normal condmons of operation and may
therefore” be termed °‘infusible,”

(zenerally such charu‘es cause
a ﬂow of energy from place to place Wthh 18-

.

in series |

(No model)

with the gaps, and a similar body also in se-
ries therewith, but shunted by oneor more ad-
ditional spalk-baps

The effectiveness of the device results from
the fact that the unshunted current-limiting
body so limits the first rush of dynamo-cur-
rent that the shunted current-limiting body
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may withdraw a sufficient amount of current |

from the shunting-gaps to enable them tosup-
press ares which tend to form between them.
The current strength is thus reduced by the
two current-limiting bodies, acting as stated,
to such a degree as to enable the unbhunted
ocaps to suppress the current-flow. When
properly proportioned, the shunted current-

limiting body prevents that extreme rise of

potential on the shunting gap or gaps that
otherwise obtains in generating-circuits con-
taining self-induection by reason of the col-
lapse of magnetic lines linked with such cir-
cuits. Wlthouttheshuntedcurrent limiting
body this extreme rise of potential (an illus-

tration of which is found in the high voltages

obtained by suddenly openingthe field-circuit
of a large dynamo) would cause the current
to continue across all the gaps. 1t is found
also that in circuits capable of supplying en-
ergy in large amounts the current strength
will be so great that no praetlcable numbel
of gaps can suppress it in the absence of a
current - limiting body connected in series.
The object of the gapor gaps whichshunt the
second current-limiting body is to provide a
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path of discharge for thestaticcurrent which

would otherwise be impeded to such an extent

as to seriously impair, if not to actually de-

stroy, the effectiveness of the device. The

impedance of the first current-limiting body

is 8o small that in practice no dangerous
check to the flow of static current will result.

I am aware that impedance - bodies have
been used heretofore in connection with de-
vices for protecting electrie circuits; but with-
out the presence of the second impedance-
body shunted by a gap or gaps the first body
must, to be successful, be so great as to intro-
duce a very serious check to the static dis-
charge.

I here employ the term ‘‘current-limiting
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body” todesignateany conductor of such form
or composition as toreducethe volume of cur-
rent-flow, it being either induetive or non-in-
ductive and with or without material ohmiec
resistance. The term ‘‘ohmie” resistance is
used todesignatesuch current-limiting bodies

- as have a comparatively small or negligible
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amount of inductance and the term ““induct-
ive”’ resistance to designate such current-
limiting bodies as have comparatively little
or a negligible ohmie resistance. |
Noadditional opposition is presented to the
static current by the addition of the second
current-limiting body shunted by the gaps,
for on account of the shunt the series gaps
are first broken down and afterward the gaps
shunting the second current-limiting body,
which, like theseries gaps, are proportioned to
be broken down by any dangerous poténtial.
It is obvious that two or moreshanting cur-
rent-limiting bodies may be used instead of
one without departing from my invention. In

fact,some advantage may be gained by shunt- |

ing different gaps by current-limiting bodies
of different dimensions or composition, since
the current-limiting value of each suceessive
body may be increased by reason of the work
performed by the preceding body or bodies.
It is true, likewise, that a greater number of
gaps may be employed without increasing the
voltage necessary to break them down by
using a piurality of shunted current-limiting
bodies. | | -

The shunting current-limiting body may
evidently be used to enable approximately
double the numberof gaps to be used to sup-
press dynamo-arcs in a gap-protector, for by
means of the shunt the full voltage of the
static potential to be discharged is impressed
upon the series gaps, which will consequently
break down, and after their resistance has
been practically reduced to zero by the cur-
rent-flow the static current, provided the cur-
rent-limiting body be of proper magnitude,
will break down the shunting gap or gaps.
A plurality of shunted bodies of different
value will when properly proportioned allow
a still further increase of gaps, which, if they
be properly proportioned, will require no more
voltage than the series gaps. | |

In the accompanying drawings, Figure 1 is

a diagram of a single-phase alternating-cur-

rent circuit equipped with my invention.
Kig. 2 is a diagram of a three-phase alternat-
Ing-current circuit provided with my inven-
tion, and Fig. 3 is a diagram of a single-

' phase circuit embodying a modification of

- my invention.
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Referring now to Fig. 1 of the drawings,
the alternating-current generator 1, which
supplies translating devices 2 with energy by
means of the conductors'3 and 4, constitutes
the apparatus to be protected, this being
illustrated as merely one of a considersble
varlety of machines and apparatus which my
invention is designed to protect from the in-
jurious effects of sudden changes in static

712,618

potential. As shown in this figure, two
lightning-arrester units 5 and 6 are respec-
tively connected to the conductors 3 and 4 by
means of their outer terminals and to the
ground 7 through a current-limiting body 8
by means of their inner terminals and a con-

ductor 9. Each of the units 5 and 6 com-

prises a series of metal cylinders 10, sepa-
rated from each other by gaps 11 and sup-
ported by non-conducting plates 12. The
cylinders 10 are preferably formed of non-
arcing metal, and at least one of the gaps 11

| isin shunt to a current-limiting body 13. As

shown, three gaps of each unit are in shunt
tothecorresponding current-limiting body 18.
The current-limiting bodies 8 and 13 are here

shown as in the form of wire of compara-
tively high resistance so coiled or disposed as

to be non-inductive.
In Fig. 2 I have shown a three-phase alter-
nating-current generator 12, supplying trans-

mission-lines 14, 15, and 16 with three-phase

currents of high voltage, the energy of these

lines being shown as supplied to a three-

phase motor 17 by means of a three-phase

step-down transformer 18. The transformer

138 18 protected by means of three protecting
devices 19, 20, and 21, each of which has one
terminal connected to a corresponding line

conductor, the other terminal being con-
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nected to ground through an impedance-body

5*. Three of the gaps of each device are con-
nected in shunt to a second current-limiting
body 13*. In Fig. 3 an alternating-current
generator 1°supplies the transmission-circuit

I00

22 23 through a step-up transformer 24, the

latter being protected by the protecting de-
vice 25.
lightning-arrester units 25°, each having six
gaps and each connected to ground through
an impedance-body 8*. In this case I have
shown the gap adjacent to the line conduector
as in shunt to a comparatively small current-
limiting body 13° and three of the gaps nearer

As shown, the latter comprises two
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the ground-terminal as in shunt to an im- .

pedance-body 13°¢ of greater value. This ar-
rangement is intended merely to illustrate
the use of current-limiting bodies in shunt to
different gaps of the series, the number and
value of such shunted bodies being varied

-

‘within such limits as may be found desirable
In any particular case. B

Asregardsmy invention,the form and num-
ber of gaps are immaterial, provided there be
at least one unshunted and one shunted gap.
The location of the series and shunt current
limiting bodies is also immaterial, the only
condition being that the current rushes shall
pass through the former and either through
thelatterorthrough the gapsin shunt thereto.

The number of phases of current carried
by the line in connection with which my in-

vention is used may be anything desired, and
the number, size, and location of parts may
also be varied within considerable limits.

I claim as my invention— |

1. A protecting device for electrie circuits
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comprising one or more series gaps, one or |

more gaps shunting one or more infusible and
non-polarizable, current-limiting bodies and
a non-polarizable, current-limiting body in
series with all the gaps.

2. A protecting device for electric circuits

comprising a series of conducting-piecessepa-
rated by gaps, one or more comparatively
high ohmiec resistance bodies shunted by one

or more of said gaps, and an ohmic resistance

body connected in series with the gaps.

3. A protecting device for electrie circuits

comprising a plurality of conducting-pleces
separated by gaps, a plarality of infusible
and non-polarizable current-limiting bodies
severallyshunted byone or more of said gaps,
and one or more infusible and non-polariz-
able current-limiting bodies in series with all
of said gaps. o |

4. A protecting device for electric circuits
comprising a series of spark-gaps between the
conductor to be protected and the ground, a
plurality of impedance bodies of different

o

values, each of which 1s connected in shunt
to one or more of said gaps, and one or more
impedance-bodies connected in series with all
of said gaps.

5. A protecting deviee for electric circuits

comprising a series of conducting-pieces sepa-
rated by gaps, one or more infusible resist-

ance bodies in shunt-circuit to a number of

said condueting-pieces,and acurrent-limiting
body 1n series with said conducting-pieces.
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6. A protecting device for electric circuits

comprising one or more series gaps, one or
more gaps shunting oneor more infusible and
non-polarizable, carrent-limiting bodies, and
an infusible and a non-polarizable,current-
limiting body in series with the gaps.

In testimony whereof I have hereunto sab-
scribed my name this 25th day of November,

1899,
- PERCY IH. THOMAS.
Witnesses:
WESLEY G. CARR,

H. C. TENER.

35

40




	Drawings
	Front Page
	Specification
	Claims

