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. To all whom: it may concern.: ,
Quivcy A. BrRACKETT,

Be it known that I,
a citizen of the United States, and a
resident of Pittsburgh, in the county of Al-
legheny and State of Pennsylvania, have in-
vented a new and useful Improvement in
Lightning-Arresters, ~f which the tollow-
in%lisva specification. } '

y invention relates to electrical protec-
tive devices, and it has special reference to
devices inserted in electrical circuits to pro-
tect the apparatus associated therewith
from high-frequency surges or impulses.

More particularly, my invention relates to
lightning arvesters of the chole-coil type in
which the inductive effects arising there-
from, when subjected to the flow of currents

- of normal or commercial frequencies are

negligible, but, when subjected to the flow of
high-frequency currents, such as obtain in
lightning disturbances, are considerable and,
consequently, effective in precluding the dis-

- charge of such current to the electrical ap-
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paratus connected in circuit.

Tt is a common practice to insert ordinary
choke coils comprising a relatively small
number of turns, in ecircuit with line con-
ductors in order to protect the electrical ap-

. paratus from the effects of high-frequency
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currents arising on the transmission line.

Choke coils of this character reflect a por-
tion of the high-frequency currents back
upon the line, permitting portions only of
the disturbances to filter through to the elec-
trical apparatus. However, when severe

. disturbances occur on the transmission lines,
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a considerable quantity of these high-fre-

‘quency currents may be permitted to flow.
through choke coils of the ordinary type to .

the electrical apparatus, In these instances,
the strains arising from the admission of
these “ filtered” high-frequency currents
may be sufficient to puncture the insulation
employed in the electrical apparatus.
Heretofore, the inductive effect resulting
from such choke coils, which have no mag-
netizable core members, has been limited to
relatively small values, because the. im-
pedance offered to the flow of currents o
normal or commercial frequencies must be
maintained low for obvious reasons. As a

-vesult of limiting the number of turns of

oke coils, they, are- fre-

these ordinary ¢
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quently ineffective in suppressing high-fre-
quency disturbances. '

One object of my invention is to provide
a lightning arrvester of the chole-coil type
which will offer very little or negligible im-
pedance to the flow of currents of normal or
commercial frequencies but which will offer
high impedance to the flow of high-fre-
quency currents, such as obtain in lightning
disturbances and the like.

For a better understanding of the nature
and scope of niy invention, reference may be
had to the following description and the ac-
¢ompanying drawing in which -Figure 1 is
a diagrammatic view of a lightning arrester
construeted in accordafice with my inven-
tion: Fig. 2 is a diagrammatic view . of a
modified form of the device shown in Fig. 1,
and Figs. 3, 4 and 5 are diagrammatic views
of modified forms of the devices shown in
Figs. 1 and 2, v

Referring particularly to Fig. 1, a line
conductor 7 is connected in series relation-
ship with a divided circuit 2. The divided

civeuit 2 comprises a coil 3 and a coil 4 which

are connected in parallel relationship with
each other and oppositely wound so that op-
positely-directed fluxes are generated when
currents flow simultaneously through the
coils 8 and 4 The coils 3 and 4 are dis-
posed on opposite legs 5 and 6, respectively,
of a common magnetizable core member 7

which comprises a closed magnetic circuit.

Tach of the coils 8 and 4 comprises a rela-

tively lafge number of turns and, when en-

ergized alone, is of high inductance. How-
ever, the said coils are oppositely wound and
so disposed on the core member 7 that the
fluxes generated by currents of normal fre-
quencies flowing therethrough are oppositely
directed. Again, the coils 3 and 4 are com-
posed of the same number of turns and, con-

sequently the value of the resultant mag-
netic flux flowing through the core member

7, under normal conditions, i§ substantially
zero. Therefore, the. inductance offered to
the flow of the line 'currents along the
conductor. 1 is negligible. However, when

~ high-frequency disturbances of short wave

lengths tend to flow along. theé conductor.1,
theiimpedance offered by the coils 8 and 4
is very great. Therefore, the disturbances
are reflected back upon the' line, and the
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e precliuded from
apparatus

2 is similar to "n action of the devic: shown
85 in Fig, 1, £ er explanation in regard
thereto is deemed wnn: ecessavy. OF course,

it will be understood that a high-frequency
disturbance may cceur on gither '
conductors 8 and ¢ without simultaneousiy
gceurring upon the other conducto; Un-
der these el 'um.a nees, the impedance
offered by the 1
4 will afford Am}\l, protection to the elec-
trical apparatus, ~ ' '
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«;mmc*’mal frequencies.
Cductor 1

the

" member 17, as e\plained above.
.5, the coils 8 and 4 ave wound upon the-

one of the

igh-inductance coils 8 or

8 The f'noke,coil shown in Fig. 3 comprises

2 smwln winding 12 wh]ch embraces an iron

core 18, A tap 14 is prondeu at the mid-
point of the coil 12 in order to (()nnect one
section of the line conductor 1 thereto,
terminals 15 of the coil being connected to
a common point 16 for connectioh to the
other section of the conductor 1. When
line currents of normal or commercial fre-
quew es flow over the conductor 1, the i nn-
pedance offered by the choke 0011 1s su
tiulul ally zero, but, when such high-fre-
quency currents as obtain in hgutmno dig-
turbances, tend to flow over the line con-
the impedance offered by the L‘m;k»
coil is considerable. It will e noted tha
the device of Fi.q‘. 3 is somewhat similar tf‘\
structure.shewn in Fig. 1, with the eX-

cep tion of the core member 13- which, io

T"m. &, does not provide a dosbd magnetic’

wrcuit
In Fig. 4, T have shown a mocuﬁed form
b

of the device shown in Fig. 2. Howerver,

T have substituted for the magnebzsble
member 7 of Flg. 2 a core member 17 which
does not form “a closed. magnetic circuit.
The coils 3 and 4 are wound and appheu
in a manner similar to that shown in ¥ m
2. Moreover, they are connected -in series
cirenit with ' hnu conductors 8 and 9, re-
spectively, as shown. When line currents
of normal or commercial frcquencus fiow
over the conductors 8 and 9, the resultani
flux flowing in the core member 17 is sub-
stantially zero and, therefore, under normal
operating conditions the impedance offered
b the choke coil is I‘COhg'ﬂ‘le When high-

requency currents flow over the transmis-
swn line conductors 8 and 9, the impedance
offered by the choke coil is very high be-
cause of the high hysteretic lag of the cove
In ¥ig.

wo oppositely-disposed legs 5 and 6 of the
Amonet zable member 7, as e:s,phuned in con-
nection with Fig. 1. 1In this instance, how-
ever, the coilsg 3 and 4 are connected in
series relationship with each other and also
in series with the line conductor 1. Under
normal -conditions, the fluxes generated by
the low-frequency currents ﬁowmg, througl:
the coils 3 and 4 are oppositely dl"ected and
ubstamtmllv neutralize each other.. When
high-fr equency currents tend to flow over
the line conductor 1, the 1mped mee offered
by the coils 3 and 4 is considerable because
of the high hysteretic lag of. the magnetiz-
able core member 7.

From the foregoing description, _it wil

be seen that it is desirable to make the core’

member 7 of a material in which the mag-
netic induction lags &pprecmblv behind tho
magnetising force applied thereto. The
h\*%torehc hg thus occasmnod 1s useful in
offering high impedance to high- irequw y

- currents flowing chrough the wlh 3 and ~}
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On the other hand, the period of this hyste-
retic lag is of small import when the cur-
rents flowing through lthe coils 3 and 4 are
of relatively low frequencies, such as are
utilized in commercial power circuits.
While I have shown and described . sev-
eral embodiments of my.invention, it will
be apparent to those skilled in the art that
many modifications may pe made without
departing from the spirit and scope of the
appended claims. '
I claim as my invention: _
1. A protective device comprising a mag-
netizable core member forming a-closed magr.
netic circuit of high hysteretic lag and hav-

" ing a plurality of core legs, coils severally
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embracing the legs of said core member,
enid coils being oppositely wound and con-
nected in- parallel relationship with each
other and in series relationship with a line
conductor.

9. A protective device comprising a mag-
netizable core member forming a closed mag-
netic circuit and being composed of material
having a high hysteretic lag, coils embracing
the several [legs of said core member ahd
being oppositely wound and connected in

" parallel relationship with each other and
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in series relationship with a line conductor
whereby the coils will magnetically neutral-
ize each other when low-frequency currents
flow therethrough but which will act as
independent reactive elements when high-
frequency currents flow therethrough.

3. The combination with a line conductor
subject, at times, to the flow . of low-fre-
quency currents and, at other times. to the
flow of high-frequency currents, of a fre-
guency-selective inductive device inserted

therein, said device comprising a plurality

of current-carryng conductors connected In
parallel relation and means for closely mag-

~ netically coupling said conduetors with low-
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frequency currents and for joosely magneti-
cally coupling said paths with high-fre-
quency currents. . _ ;

4. The combination with a line conductor
subject, at times. to the flow of. low;fre-
quency currents and, at other times, to !hm
flow of high-frequency currents, of a, fre-
quency-selective inductive device  inserted
therein, said device comprising a plurality
of eurrent-carrying conductors connected in
parallel relation and each arranged to carry
a portion of the line current. and a magnetic
core member inductively interlinking said
conductors, the dimensions and magnetic
properties of said core member being such
that it affords a relatively close coupling be-
tween said conductors at low frequency and
a relatively loose coupling with high fre-
quency.

5. The combination with a line conductor
subject, at times, to the flow of low-fre-
quency currents and, at other times, to the

3

flow of high-frequency currents, of a fre-
quency-selective ductive device inserted
therein, said device comprising a plurality
of current-carrying conductors connected in

-parallel relation and each arranged to carry

a portion of the line current. and a magnetic
core member inductively linking said con-
ductors, the algebraic sum of the magneto-
motive forces developed within said core
member by said conductors being substan-
tially zero and the dimensions and magnetic
properties of said core member being such
that the hysteretic lag therein on high-fre-
quency currents renders the magnetic cou-
rling of said conductors less effective than
with low-frequency currents.

6. The combination With a line conductor
subject, -at times, to the flow of low-fre-
quency currents and, at other times, to the
fiow of high-frequency currents, of a fre-
quency-selective inductive device inserted
therein, said device comprising means for
developing a plurality of magnetomotive
forces from said line current in a common
core member, the algebraic sum of said
magnetomotive forces, as combined, being
substantially zero -and the ‘dimensions and
magnetic properties of said core member be-
ing such that the coupling action thereof on
the seats of magnetomotive force is looser
on high-frequency currents than on low-fre-
quency currents. ' .

7. The combination with two electric con-
ductors subject, at, times, to the flow of Jow-
frequency currents, and, at times, to the flow
of high-frequency currents, the relative di-
rections of current flow between said con-
ductors being the same with both conditions
of frequency, of means for magnetically cou-
pling said conductors, the algebraic sum of
the magnetomotive forces of said conductors,
as combined. being substantially zero and
said coupling means affording a closer cou-
pling with low-frequency currents than \vithl
high-frequency currents.

8. The combination with two electric’ con-
ductors subject, at times, to the flow of low-
frequency currents, and. at time, to the flow
of high-frequency currents, the relative di-
rections of current flow between said con-
ductors being the same with both conditions
of frequency, of a core member, and means
¥or developing a magnetomotive force in
said eore member from the currents of each
of said conduetors, respectively, the alge-
braic sum of s .d magnetomotive forces as
combined being substantially zero, and the

dimensions and magnetic properties of said’

core member being such that an appreciably
looser coupling is afforded with high-fre-

quency currents than with low-frequency:

currents.
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9. The combination with two electric con- '

ductors subject, at times, to the flow of low-
frequency currents, and, at times, to theflow
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ourrenis, the relative di- core member having a pronounced hysteretic 10
ut flow between said con- lag, whereby said coils are more loosely cou-
same with both (-onduuuns pled with high-frequency currents than with
of frec , ils inserted in each of low- frequency currents.

5 said conductors, respective iy7 and embracing In testimony whereof, I have hereunto

COMINON COYE meﬁbf)r, the mloeuwuc sum subscribed my name thlS 23rd day of April 15
:of the magnetomotive forces of sald coils, 1915,
as combined in said core member, being -

sithstantis Hv zerg and the material of said » » QUINCY ‘A. BRACKETT.

Sopies of this pate zai may be obiained for dve cents cach, by addressiag the “Commissionar of Patents,
Wechingten, D. 8.%



