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Application filed May 16, 1910,

To all whom it may concern:

Be it known that I, Foro W. Harris, a
citizen of the United States, and a resident
of Wilkinsburg, in the county of Allegheny
and State of Pennsylvania, have invented
a new and useful Improvement in Systems
of Electrical Distribution, of which the fol-
lowing is a specification.

My invention relates to systems of elec-
trical distribution and it has special refer-
ence to systems which are adapted to supply
power to the trolley wires or third rails of
electric railway-systems.

The object of my invention is to provide
means . for automatically cutting. out a sec-
tion of a trolley wire or third rail circuit in
case of a ground, short-circuit or other ab-
normal disturbance and to provide further
means for automatically re-connecting said
section when the normal circuit conditicns
are reéstablished.

Electric railway systems generally com-
prise a plurality of sections, each of which
1s provided with an individual supply feeder,
in order that trouble on the line may
be localized without tying up the traffic of
the whele system. At each secticn break, it
is customary to empley scme form of switch
or tie-in breaker which, when closed, ties
the sections into one continnous line in order
to make use of the full conductivity of all
the copper available. This practice is espe-
cially desirable in a two or four track rail-
way system, such as elevated cr subway sys-
tems in large cities and tunnel or terminal
electrifications of steam roads.

In systems. of the above mentioned classes,
very large amounts of power are required,
and economy demands that, not only shall
the several sections of each third rail be
tied together, but the sections of adjacent
rails shall be interccnnected as well. Ac-
cording to my invention, the tie-in breakers
of each section are so connected that, in the
event of a short-circuit or low-voltage on
any particular section, all the tie-in breakers
of that cection open simultaneously to segre-
gate it from the rest of the system until re-
pairs are made or normal circuit conditions
restored. ,

- Another feature of my invention provides
that the interlocking auxiliary circuit con-
nections of the several tie-in breakers of

each section shall be so arranged that these

breakers will not close to re-connect the
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dead section until the voltage of said section
is approximately equal te the full voltage of
the adjacent sections with which it is to be
connected, and until the closure of the feeder
breakers of the dead section and of the
adjacent zecticns has been effected.

My invention is illustrated in the accom-
panying drawings, in which—

- Figure 1 is a diagrammatic view of the
main and auxiliary circuits of a pertion of
two adjoining sections of a single track
third rail system of electric railways, and
Fig. 2 is a diagrammatic view of the main
circuits and interconnecting breakers of a
four track third rail system of distributicn
to which my inventicn is readily applicable.

It will be understood that, while the ac-
companyving drawings are illustrative of
third rail installations for direct currents,
the usual trolley construction lends itself
equally well to similar adaptation and that
alternating current systems also may readily
be equipped with the distribution system of
my invention.

Referring to Fig. 1 of the accompanying
drawings. a tie-in breaker 1 is adapted to
bridge a section break 2 between adjoining
secticns 3 and 4 of a third rail railway in-
stallation. The sectien 3 is supplied with
energy from a source 5—5°, the positive
bus-bar 5 being connected to the section 3
by means of an overload circuit-breaker 6
and a feeder cable 7, while the negative bus-
bar 5 is grounded to the track rails 8 (only
cne of which is shown) by means of a con-
ductor 9. A pesitive bus-bar 10 of a source
of energy 10—11 is similarly connected to
third rail section 4 by means of an overload
circuit breaker 15 . and a feeder cable 16.
Although two separate sources of energy
arc illustrated in the drawing, it is evident
that the several sections may be fed from
the same source through independent feed-
ers.

The overload breakers 6 and 15 may be
lecated in the generating station and oper-
ated by hand or they may. and probably
will, be situated at points on the system that
are remote from the generating station, in.
which case, said breakers will be equipped
with electrically operated resetting devices
and an auxiliary remote-control system.
Feeder breakers 6 and 15 are provided, re-
spectively, with auxiliary switch members
20, 21 and 22, 28 which are adapted to bridge
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confact terminals 202, 21* and 22¢, 232 and
with everlrad trip coils 24 and 25.  There
breakers may, of course, bs of any well
known construction and may be provided
with suitable resetting mechanisms (not
shown).

The tie-in breaker 1is provided with a clos-
ing coil 30, a no-voltage trip coil 81, a relay
coil 33 and two low-voltage relav coils 84
and 35. When energized, the closing coil
30 acts against the tension of a spring 36
and. by means of a toggle 37, closes the
breaker. A movable core 88 of the closing
coil 30 is provided with a retaining catch
39 which is adapted to be engaged bv a latch
40 when the breaker is closed. Under nor-
mal overating conditions, the no-voltage
trip coil 31 is energized, but if, in the ac-
cordance with predetermined conditions of
the svstem, the energizing cireuit is broken,
its coil 41 ig allowed to drop and thus dis-
engage the latch 40 from the retaining eatch
39 and allowing the spring 36 to release the
brealer.

The armature of the relay coil 88 is pro-
vided with a switch member 45 which is
adapted to bridge stationary contact termi-
nals 46 to es*ablish ccnnections through the
closing coil 30.

The armatures of the low-voltage relay
coils 34 and 35 are respectively provided
with switch members 47 and 48 which
bridge contact terminals 49 and 50 to com-
plete the main interlocking circuit throvgh
the no-voltage trip coil 81, and said relays
are designed snd constructed to release at a
predetermined low voltage of about 250
volts and to pick up at a higher predeter-
mined voltage of about 450 volts. Relay
coil 34 is connected to section 8, and relay
coil 35 is sitmilarly connected to section 4 of
the third rail. To ind’cate the position of
the tie-in breaker 1, tell-tale Tamps 55 and
56 are connected in series with the control
circuit of the no-voltage trip coil 81 and are
lighted only when the circuit breaker is
closed. A lammv 57 performs a similar fune-
tion for the adiacent breaker (not shown)
at the remote end of section 3, while a lamp
58 indicates the position of the adjoining
breaker (not shown) at the further end of
section 4.

The oneration of the system thus far de-
scribed is as follows: Assuming that the ar-
rangement of connections is as shown in
Fig. 1 and that the feeder hreaker 15 ig
epened. either manually or automatieally,
the switch member 22 is disengaced from
its contact terminals 22* and breaks the cir-
cuit from the positive bus-bar 10 through
conductor 60. switch member 22, tell-tale
lamn 56, conductor 61, switch member 48,
conduetor 62, conductor 81, switch member
80, conductor 82, no-voltage trip: coil 31,
conductor 67, switch member 47, conductor

1,163,997

68, tell-tale lamp 573, switch member 20, of
the feeder breaker 6, condrctor 69, neentive
bus-bar 52 conductor 9, track rail 8. and con-
ductor 70 to the negative bus-bar 11. Tlpon
the interruption of this cirenit, no-voltage
trip coil 81 is denergized and the cove 41
drops. thereby withdrawing the lateh 49 and
allowing the breaker to open, as herein-
befere explained. It will be observed that,
as breaker 15 is opened, the circuit throneh
the switch member 23 and contact terminals
23 is likewise broken. thus cansing the ad-
iacent tic-in cirenit Brealer (not shown) to
bs released. in a similay manner. to cut see-
tien 4 ovt of the svstem. The low-voltage
relav coil 35 then becemes dednergized and
switch member 48 becomes disengnged from
contact terminale 50. Asfeeder hreaker 151s

again closed. voltage is sunnlied to section 4
and, if the voliace exceeds 450 volts., the low-
voltage relay coil 85 cavses the switch 48 to
engage centact terminals 50,

n

Switeh mem-
bers 22 and 23 of the feader brealer 15 Tile-
wise bridee the confact terminals 22° and
232 and switch member 22 comnletes the cir-
cuit from the positive bus-har 10 throuch
conduetor 60, switch member 22, lamn 56,
conductor 61, switch member 48. conductor
62, conductor 63. relay coil 33. conductor 66,
trip coil 31. conductor 67, switch member 47,
condvetor 68, lamp 55. switch member 20,
conductor 69, negnative bus-har 5, conductor
9. trock rails 8 and conductor 70 to the nega-
tive bus-bar 11, The cirenit thus establichnd
encrgizes the no-voltage trin coil 81 which
raises the core 41 from the latch 40, and. at
the same time, energizes the relav coil 33
and causes it to comvlete a circuit from
third rail section 3 thveueh condvetor 75,
switch member 45. condrctor 76, clasing coil
30 and condnetor 77 to the track rail 8. The
closing coil 30 becomes eneraized and exerts
such pull against the snring 36 as to close
the breaker 1. while the latch 40 engnges the
retaining catch 39 and holds the brealer in
its closed position. It will ba ohserved that,
as the breaker 1 is closed. avxiliavy switch
member 80, which is assccinted with it, com-
pletes a civenit throneh conductor 81, switch
member 80 and condvector 82, which short-
circuits the relav co’l 33 and causes it to he
detneroized. The cirenit throvgh the clos-
ing coil 30 is therebv interrnvted and the
breaker is maintained in its closed position
entirelv throreh the action of the lateh 40,
the closine coil 80 remaining in cirenit only
momentarily while the brenker is being
closed. TIn order that the tell-tale lamng 55
and 56 shall not indicate a false position of
the breaker. the relay coil 33 is of hich-
registance which prevents the lamns from
lichting wuntil it is short-circuited by the
closure of the breaker.

Again assuming the apnaratus to occupy
the positions shown in Iig. 1, the effect of
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a ground on section 4 is as follows: Upon
the occurrence of a ground, the voltage falls
on section 4 and neighboring sections and,
if said voltage drops below 250 volts, all the
low-voltage relays connected to the point
of low voltage are opened, thus interrupting
the circuits of the no-voltage trip coils of
the tie-in breakers and causing said breakers
to open, thereby dividing the third rail up
into its component sections. The ground is
then confined to section 4 and, as the volt-
age of the remaining sections rises to its
normal value, they are automatically recon-
nccted, leaving section 4 segregated from
the rest of the system.

It is evident that, if the voltage of sec-
tion 4 remains below 450 volts, the low-
voltage relay coil 35 will not pick up, but,
if the rail clears, the voltage rises to its nor-
mal value and the tie-in breakers are again
closed by the action of the low-voltage re-
lays. Should the ground be of a serious
nature, it is possible that the excess of cur-
rent drawn through the feeder 16 would be
sufficient to cause the overload coil 25 to
open the feeder breaker.

In case of a heavy overload or short-cir-
cuit on any section, the resulting low voltage
will cause the tie-in breakers in that part
of the system to be opened, but, on account
of the multiplicity of feeders, it is probable
that the feeder breakers will remain closed
by reason of the fact that the load is dis-
tributed among several feeders.

- It is thus possible for the system to be
broken up into sections by a general open-
ing of the tie-in breakersand be immediately
reconnected by these breakers, with the ex-
ception of such as are directly associated
with the section upon which the short-cir-
cuit occurs. The short-circuit is thus con-
fined to a single section and the feeder
breaker of that section is therefore opened.
It is, of course, possible that such a short
circuit might be severe enough to cause a
general opening of the feeder breakers of
the adjoining sections, in which case, the

- operator at the generating station may cause
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all the feeder breakers to be again closed,
with the exception of that particular
breaker directly associated with the dis-
abled section.

Referring now to Fig. 2, the four third
rails 90, 91, 92 and 93 are divided up into
independent sections 94 to 105 inclusive.
The adjoining sections of the several rails
are tied together by the breakers 106 to 113,
inclusive, while the adjacent sections are in-
terconnected by means of breakers 114 to
192 inclusive : Feeder breakers 123 to 134 in-
clusive are connected in the feeders which
individually supply the sections 94 to 105
with power from a source of energy (not
shown). In the system illustrated, in order
to segregate any one section, it is necessary

8

to open either three or four tie-in breakers
instead of two, as in the system hereinbefore
described, which necessitates that each
feeder breaker shall be provided with three

or four switch members, as will be herein-

after noted. For example: If section 98 is
to be segregated, the control circuits of tie-in
breakers 108, 115, 109 and 118 must be inter-
locked with the switch member of feeder
breaker 128. In a similar manner, if sec-
tion 95 is to be cut out of circuit, the tie-in
breakers 106, 107 and 115 must be rendered
dependent upon the action of feeder
breaker 127.

It is not considered necessary to describe
further the application of my invention to
the system illustrated in Fig. 2, on account
of its similarity to the system fully de-
scribed with respect to Fig. 1, and the ease
with which those skilled in the art can
readily understand the adaptability of my
invention to the system shown.

Although I have described and illustrated
a specific arrangement of connections, I de-
sire that modifications and variations may
be effected which do not depart from the
spirit and scope of my invention, and I fur-
ther desire that only such limitations shall
be imposed as are indicated in the appended
claims.

T claim as my invention:

1. In a system of electrical distribution,
the combination with a source of energy. a
system of feeders, and a distributing circuit
comprising a plurality of independent sec-
tions and a plurality of circuit breakers sev-
erally connecting adjacent sections under
normal operating conditions, of electro-re-
sponsive means codperating with said feed-
ers and said sections in eommon and depend-
ent upon an abnormal current demand and
predetermined low-voltage conditions, and
means associated with and dependent upon
the electro-responsive means for segregating
any section from the rest of the system.

9. The combination with a source of en-
ergy, a distributing circuit comprising a
plurality of sections, independent feeders
for supplying said sections with energy,
overload circuit breakers for said feeders
and a plarality of electrically operated tie-
in circuit breakers provided with no-voltage
release mechanisms and adapted to bridge
the section breaks, of means dependent upon
abnormal current demand for cutting out
any section, means dependent upon a prede-
termined low-voltage for opening all tie-in
breakers affected by such voltage, and means
for automatically closing said tie-in break-
ers only when the voltages on the sections to
be connected are of substantially normal
value and the feeder breakers of said sec-
tions are closed. '

3. In a system of electrical distribution,

the combination with a source of energy, a -
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distributing circuit comprising a plurality
»f independent sections, independent feed-
ers for the respective sections, overload cir-
cuit breakers for said feeders, and a plu-
rality of electrically operated tie-in circuit
breakers adapted to bridge the breaks be-
tween the several sections, of a single con-
trol circuit for each tie-in breaker inter-
locked with the feeder breakers of the ad-
joining sections and two low-voltage relays,
one connected to each adjolning secticn, an
auxilinry relay associated with the closing
coil of the breaker and adapted to bLe ener-
gized by said control cirveuit under prede-
termined conditions, and a no-voltage tvip
coil adapted to release the breaker when the
afcresald control cireuit is interrupted.

4. In a system of electrical distribution,
the combination with a source of energy, a
feeder system, a distributing circuit com-
pricing a plurality of independent sections,
and a plurality of electrically operated cir-
euit breakers adapted to interconnect adjoin-
ing sections, of an indicating lamp and a
high resistance auxiliary relay associated
and adapted to
establish a civcuit through the closing coll of

)

said breaker, and an auxiliary switch mem-
ber usseciated with eaid breaker and adapt-

ed to short-cirvenit the
the breaker is closed.
5. In a gystem of electrical distribution,
the combination with a source of energy, a
feeder system, a distributing circuit com-
prising a plurality of independent sections,
and a plurality of circuit breakers sever-

ally provided with no-veltage trip coils and

auxiliavy relay wher

~adapted to interconnect said sections, of a

single energizing cireuit for each trip coil

ich ig interlocked with the feeder circuit
breakers of the adjoining sections and a low-
volénge velay associated with each adjoining
section.

6. In a system of electrical distribution,
the combination with
digtributing cireuit eo
of independent sect

sections,

said sections and overload

circuit breakers
for, of a plurality of tie-in ecircui
g adapied to bridge the respective
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ection breaks and each provided with an
lectrically operated closing device, a single
ontrol cirenit for said clesing device, low-
tage relays connected to adjoining sec-
3, an auxiliavy switch member associated
with each adjoining feeder breaker and a
no-voltage trip coil in series with the afore-
sald switch members.

7. In a system of electrical distribution,
the combination with a source of energy, a
distributing circuit comprising a plurality
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of secticns, and a plurality of tie-in cireuit.

breakers adapted to interconnect said see-
tlons under normal operating conditions, of

ala

& gingle

LA R

control cipeuit assoeiated swith caeh

tie-in circuit breaker, and relays and switch-
ing devices nermally in civeuit with said
control circuit and adapted to interrupt said
civenit under predetermined conditions of
low-veltage or abnormal current, and menns
for releasing said tie-in breaker when said
cireuit is interrupted.

8. In a system of electrical distribution,
the combination with a source of energv, a
distributing circuit comprising a plurality
of independent sections, sepuvate feeders,
overload cireuit breakers between the respec-
tive sections and their feeders, and a plu-
rality of tie-in circuit breakers adapted to
bridge the respective section breaks. of a
plurality of switeh members associated with
each feeder breaker through which the con-
trol cirenits of the tie-in breakers arve sepa-
rately completed, two low-voltage relays,
one connected to each adjoining section and
provided with switch members connected in
series with the switch members of the ad-
joining feeder breakers, and a mno-voltage
trip coil energized by the aforesaid contrel
cireuit and adapted to open the tie-in
breaker 1f said circuit is interrupted.

9. In a system of electrical distribution,
the combination with a source of energy, a
system of feeders, a distributing cireuit com-
prising a plurality of independent secticns
and a plurality of circuit breakers severaily
connecting adjacent sections under normal
operating conditions, of means aszociated
vith said feeders and dependent upon the
current therein for concurrently opening
certain circuit breakers, and means depend-
ent upon the voltage conditicns of any sec-
tion for concurrently opening certain circuit
breakers.

10. In a system of electrical distribution,
the combination with a source of energy, 2
system of feeders, a distributing circuit
comprising a plurality of independent sec-
tiens and a plurality of circuit breakers sev-
erally connecting adjacent sections under
normal operating conditions, of electro-re-
gpensive devices associated with said sec-
tions and said feeders and means cofperat-
ing with all of said devices for opening cer-
tain circuit breakers under predetermined
abnormal cireuit conditions.

11. In a system of electrical distribution,
the combination with a source of energy, a
system of feeders, a distributing cireuit com-
prising a
and a plurality of circuit breakers severally
connecting adjacent sections under normal
operating conditions, of a plurality of relavs
dependent upon abnormal current and volt-
age conditiens, and means associated with
said relays for concurrently opening certain
cirenit breakers and segregating any section
frem the rest of the system. -

- 12. In a system of electrical distribution,
the combination with a source of energy, a

plurality of independent sections -
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system of feeders, a distributing circuit com-
prising a plurality of independent sections

~and a plurality of circuit breakers severally

connecting adjacent sections under normal
cperating conditions, of electro-responsive
means dependent upon abnormal current
and voltage conditions, means associated
with said electro-responsive means for con-
currently opening certain circuit breakers
and segregating any section from the rest of
the system, and means codperating with said
electro-responsive means for automatically
reconnecting said section to the system when
normal circuit conditions are restored.

13. In a system of electrical distribution,
the combination with a source of energy, a
distributing circuit comprising a plurality
of independent sections, a plurality of feed-
ers severally supplying energy to the said
sections, and a plurality of circnit breakers
connecting adjacent sections under normal
conditions, of means associated with each
feeder for effecting a concurrent opening of
all of the circuit breakers asscciated with its
section of the distributing circuit under pre-
determined abnormal circuit conditions.

14. In a system of electrical distribution,
the combination with a source of energy, a
distributing circuit comprising a plurality
of independent sections, a plurality of feed-
ers severally supplying energy to the said
sections, and a plurality of circuit breakers

S

connecting adjacent sections under normal
conditions, of a relay associated with each
feeder, and trip coils associated with the said
relays for effecting a concurrent opening of
all of the circuit breakers associated with
its section of the distributing circuit under
predetermined abnormal circuit conditions,
and means coOperating with said relays and
trip coils for automatically closing said cir-
cuit breakers when normal circuit conditions
are reéstablished.

15. In a system of electrical distribution,
the combination with a source of energy, a
distributing circuit comprising a plurality
of independent sections, a plurality of feed-
ers severally supplying energy to the said
sections, and a plurality of circuit breakers
connecting adjacent sections under normal
conditions, of an overload circuit breaker for
each feeder and means associated therewith
and with all the circuit breakers connected
to the section of the distributing ecircuit
which it supplies, for segregating said sec-
tign from rest of the system under prede-
termined circuit conditions.

In testimony whereof, I have hereunto
subscribed my name this 3rd day of May,

1910.
FORD W. ITARRIS.
‘Witnesses:

W. L. Wricur,
B. B. Hixgs.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. C.”
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