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NOBUFUMI TOGAMI, OF SAGA KEN, JAPAN.

. DISTRIBUTION SYSTEM-FGR SELECTIVE CONNECTIONS THERETQ OF FEEDERS.

Applio;ation filed May 1€, 1924.

My invention 1elate% to a control system
of an electric power distribution and more
part‘cularly to - the coptrol system of the
distribution = wherein sever al feeders or
groups of feeders are controlled selectively
to be connected to 3 main cir enit.

Orne object of my invention is to provide
a- control system which shall be operated
throu(rh a pair of the conductors of the
main cncult and shall require no exfra
pilgt or control conductor.

Another object of my invention is to
provide a control system which shall be de-
-void of any uncertainty in the operation of
the gystem due to dlstu:(buw effects result-
ing from the floating potentlal in the con-
ductor or conductors in: the main cncmt
other than the controlling pair.

‘A still further object of my invention is
to pmwde a control system which is simple
in construction and relighle in operation.

In a distribution system wherein there
are two or more feeders or groups of feed-
ers to which energy may be supplied from a
common main ('ucult and wherein it is de-
sirable to energize one feeder or one group
of the feedels, selectively controlhno ener-
gization from a point where the main cir-
cuit is controlled, it has been propoqed to
promde means’ fm dccomphsmnc ‘the de~
sired selective energizing of the feeders, in
which switches of specml feature are selee-

- tively operated through the conductor in the

main circut by energizing the conductom
in a pledctermmed sequence. Such means

~is shown for example, in my co- -pending ap-
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pllcatmn, Serial No. 490,976, filed August

, 1921,

Hmvever with such system, when there
18 connetted to the main circuit a feede1 or
feeders not. controlled selectively in the
~manner as hereinhefore described and sup-
plying energy to unbalanced load, the oper-
ation of sfud selectlve means bex:omes un-
certain or oftentimes moperatlv It, there-
fare, becomes necessary to pravide a remedy
for such a failure of the system and I pro-
pose  to accomphsh this - by. providing a
means by which -all conductors other than
the controlling pair in the main circuit are
held at such a pqteptlal relatign to each
other and to said controlling pair as to
under-energize - electric devices co;apected
thereto, during the selective operation per-
formed.

My invention will best be understood

Serial No. 713,833,

from the accompanying drawings wherein
there are d}a"mmmatlcally 11]11ct1ated the
system of the distyibution, and appalalus
required for the selective operation of the
character hereinbefore mentioned.

Figure 1 is a diagrammatic view of a
qystem arranged according to my invention
for conneotlna to a main circuit seleotlvely
one or other feeder or group of feeders,
while in Fi 1gs. 2 and 3 are shown the posi-
tions of contlol S\Vltches dur]nor the selec-
tive o eratlon Fig. 4is a snmlar view of a
modification Wherem the operation is made
possible to select one out of three feeders or
groups of feeders,

Since the control means that is adapted
for selectively connectlna to a main circuit,
one out ot two feeders 01 groups of fee(wm
by energizing the eonductms of the main cir-
cuit in” a medetermlned sequence, is de-
ecrlbed mn detaﬂ in the above- mentloned ap-
{)hcatmn onl\}7 a brief resume theveof WlH
he given in the present application, refey-
ence. bemw made to the above-mentioned ap-
phcatlon “for the full and comp‘ete disclo-
sure thereof.

Relelrmg to Fig. 1, 2 main cirenil 1 com-
prising conductom 2, 8 and 4, is adapted to
be connected to a.source of energy 11, by a
switching means 30 and to transmit the ‘en-
ergy toa plu1 ality of current-consuming de-
vices 9, 10, 9" and 10’, respectively tlnoHOh
feeders, 5, 6, 7 and 8 the supply of the
energy 1o the feeders 5 and 6, is controlled
by sw1tches 15 and 18, 1e<pect1vely, while
the selectwe enerdlzatlon of the feeders, 1
and-8 1is contlolled bv SWJtch 1. There is

connected to the main eircuit 1, another

feeder 96, whereto the supply of the energy
is not controlled by switch, such as the
switch 15, 16 or 27, as in the case of the
feeders 5, 6 Tor 8. ‘

The sw1tch 15, is provided with an arm
17 adapted to swing about a pivot-pin 18.
A set of contact- making devices 19 which
serve to connect feeder circuit 5 to the main
cireuit 1, is $0 mounted on the arm 17 as to
swings in one d1rect10n trom its normal
position. While the arm 17 is in its normal
p051t10n or Swings therefrom in the oppe-
site direction; the contacts 19 are kept open.

Electromaanets 20 and 21 are adapted, aet--

ing on thelr common armature 24 mounted
on the arm 17, to move the arm 17 in the
direction of ,clo_s;mg the contacts 19 when
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the magnet 20 is energized, and in the oppo-
site direction when the magnet 21 is ener-
gized.

The electromagnets 20 ‘md 21 are pro-
vided with windings 22 and 23, respectively,
and their circuits are provided with circuit-
breaking devices 25, which are operated by
means of the arm 17 and so arranged, while
one of the windings, 22 and 23, is being
energized, to maintain the other winding
open-circuited. The circuit-breaking de-
vices 25 are maintained in their closed post-
tion while neither of the windings 22 and
23 is energized.

The switch 16 which is adapted to con-
nect the feeder 6 to the main cireuit, is in
construction identical to the switch 15, but
the connections of the electromagnet wind-
ings 22 and 23 therein are different in the
following respects. The circnits of the
winding 22 in the switch 15 and also of the
winding 23 in the switch 16, extend hetween
the conductors 3 and 4, and those of the
winding 23 in the switch 15 and also of the
W mdmo 2 1n the switch 16, extend between
the conductors 2 and 3,

It, therefore, follows that when the con-
ductors 2 and 3 only are energized, the
switch 16 closes its contacts 19 and the
winding 23 in the switch 16 becomes open-
(‘11@111ted while the switch 15 is kept in
its open position, the circuit of its closing
magnet winding 22 are being open-cireuited.
Finally, when the conductor 4 is energized,
the current-consuming device 10 is supplied
with energy from the source 11. through the
circuits 1 and 6, while the current-consum-
ing device 9 is cut off from the source of
energy 11, by the switeh 15,

On the other hand, when the conductors 3
and 4, ave energized first, and finally the
conductor 2, the device 9 is connected to the
source of energy 11 and the device 10 re-
mains cut off therefrom. Such selective
energization of the conductors 2, 3 and 4. as
described hereinabove. is accomplished by
simply closing in proper sequence the
switches 12, 13 and 14, connecting the source
of energy 11 and the conductors 2,3 and 4
respectively.

The switches 15 and 16 may be combined
into one, for example, as shown by switch
27, wherein the swinging arm is so con-
structed and arranged as, when it swings in
one direction, to connect with the main cir-
cuit, one of the current-consuming devices
9 and 10’ which are desived to opemte se-
lectively, and when it swings in the other di-
rection, to connect with the main ecireuit,
the other device. The construction and the
operation of the switeh 27 will be obvious
without further description

The present invention contemplates the
psevenuon of uncertainty or non- eﬁectu'ﬂ-
ness in the cperation on the part of the se-

1,634,601

lective switches, under certain conditions
which results usually from unbalanced load-
ing of the main circuit. When there is
feeder or feeders, for example, feeder 26,
connected to the main circuit but not con-
txolled by selective switch like the switch

15, 16 or 27, and 1if the loading of such
feeder or feeders is substantially Lalanced.
the operation of the selective switches 15,
16 and 27, which control the connection
of the other feeders to the common main
circuit, is satisfactory. However, when
there is a certain amount of unbalance on
the loading of the feeder 26, for instance,
heavy load being connected Dbetween the
conductors 2 and 4 and light load boetween
the conductors 3 and the condition is
equivalent to the conductors 2 and 4 being
connected with a low resistance or imped-
ance, and the condnctors 33 and 4 with com-
paratively high resistance or impedance.
TUnder such condition, when the conductors
2 and 3 ave cnergized in order to operate,
as illustrated hereinbefore, the <celective
switch 16 to close its contacts 19 and the
selective switch 15 to keep its contacts 19
open, the desired selective operation of the
switches 15 and 16 may not take place satis-
factorily on account of that, because the
onductors 2 and 4 are in the state of being
connected with low resistance or impeaance,
the electromagnets 20 and 21 connected be-
tween the conductors 2 and 3, and 2 and 4,
respectively, are energized substantially
equally and fail to force the arm 1T to
swing.

In order to provide against such failure
of the svstem as illustrated hereinabove, I
have devised a means, whereby the elec-
tromagnets which ave not to operate in or-
der to produce a desired selective opervation,
are held either underenergized, or non-ener-
wized. dmivw the selective operation. One
of the forms of the means is best iilustrated
by an auxiliavy device which co-operates
with the main switching means 30, The
device (,ompl'iﬂ‘e% stationary contact mem-
bers 32 and 34, which are in cengagement
with the switches 12 and 14, respectively,
while the switches are in their open posi-
tion, but each becomes disengaged when the
corresponding switeh is closed.

It may he supposed to happen that, when
one of the switches 12 or 14 is thrown into
the position shown in Fig. 2, any synchro-
nous or induetion machines on the system 26
would be short circuited by their one phase,
and if the short ecireuil current is quite
large and continued for quite a long period,
any civcuit breaker on the gystem 26 would
open. But this is merely a failure of such
kind that could not occur in a praectical or
commercial distribution system.

In practical use, the feeder s Vstem 26 pro-
ides quite a long feeder line between the
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control switeh 30 and the load. “The load
may comprise resistances and  synchronous
and induction machines. Sometimes it
comprises resistance load only, in which
case the failure as hereinbefore pointed out
does not occur at all.  When the load com-
prises synchronous or induction machines
only, a comparatively high resistanee or
impedance of the line usually exists mainly
due. to a considerable long distance to the
lead, and there could not occur the short
circuiting of the one phase of machines to
enable the circuit breakers to open. More-
over, circuit breakers have a more or less
time limit to effect operation, while the op-
eration of the contro? switches is completed
almozt instantaneously, and the switch 14 in
Fig. 2 1s promptly closed before the cireunit
breakers open. The whole system thus op-
erates positively. - The members 32 and 34
are both connected to the conductor 3 at a
point 33 ‘

 When desired, as in the case illustrated

o3

hereinabove, to energize the conductors 2
and 3 in order to operate the selective switch
16 to close and the selective switch 15 to ve-

~main opened, the switches 12 and 13 are

closed and the switch 14 left open as illus-
trated in Fig. 2. Then the switch 12 dis-
engagres with the contact member 32 but the

switch 14 remains in contact with the mem-

ber 34, keeping the conductors 3 and 4 at
the same potentjal. This energizes all the
electroniagnets connected between the con-
ductors 2 and 3 only, for instance, magnets
21 of the switch 15, magnet 20 of the switch
16, but prevents the energization of all mag-

- nets connected bétween the conducters 3 and

$0

4, anid is obtained a satisfactory selective op-
eration of switches 15 and 16, even under
the condition of unbalanced loading of the
eircuit. " Finally, the switch 14 is closed, its
engacement with the contact member 34 be-
ing broken, as illustrated in Fig. 3, and then

~there is obtained, as desired, the selective

energization from the circuit 1 to the feed-
ers branching therefrom, that is, to energize
the circuit 16 and to keep the cireuit 15 dis-
copnected.  When desired to disconnéet the
circuit 16, it is required simply to open the
switches 12,13 and 14. ‘ o '

On the other hand, when desired to en-
ergize the circuit 15 and to have the cir-
cuit 16 disconnected, the switches 13 and 14
are closed and the switch 12 is kept open
while the selective operation is performed.
The operation of the selective energization
of the system will be obvious, being similar
to that in the case described hereinabove,
without any further description.

With the device as illustrated hereinbe-
fore, it is limited to ‘the selection of either
one out of two, that is, eut of two groups
of feeders, to energize the first group while
the second group 1s disconnected from the

main circuit, or to energize the second group
while the first group 1s disconnected. The
device, however, may be so modified as to
make possible the selective energization of
any one out of three.
iHustrated in Fig. 4. Three feeders or
groups of fecders, of which any one may be
conneeted to the main cirenit 1, while the
other two are kept disconnected therefrom,

are eacli provided with selective switches, as ¥

Hustrated with switches 49, 49" and 497,
The switches are identical in their construc-
tion but different in their connections to the
nain eircuit.

There are connected to the main cireuit 1, ¥

other feeders, as illustrated by feeder 26,
which is loaded in an unbalanced manner as
in the case hereinbefore itlustrated. .

Each of switches 49, 49" and 49" is pro-

The modification is 7

vided with a swinging arm 17 which is *°

adapted, when it swings| to close the contacts
19 to connect the feeder controlled by the
gwitch, to the mainm circuit. The arm 17 is
held normally by a spring to have its con-
tacts 19 open. © In the open position, the arm
17 is adapted to maintain contaet devices 45
and 46 closed, and when the arm 17 1s biased
by the électromagnet 20, to close the main
contacts 19, the contact devices 45 and 46
are  opened,
each is adapted, when energized to act on its
armature, to open the circuit of the magnet
winding 22, and when deciergized to- close
the circuit, '

The circuit of the windings 22 of the main "

contact-closing magnets 20 in thie switches
49, 49" and 49", are energized through a dif-
ferent pair of the conductors 2, 3 and 4,
for instance, that of the switch 49 through
the conductors 2 and 3, that of the switch
49’ through the conductors 3 and 4 and that
of the switch 49’/ through the conductors
2 and 4, the-latter two switches being not
shown in the drawing, for the sake of brev-
ity, but identical in construction with the
switch 49 and adapted to be energized from
respective proper pairs of the conductors, 3

Electromagnets 47 and 48, °

Gy

1056

110

and 4, and 2 and 4, and having no need of .

llustration. The electromagnets 47 and 48
in each of the switches 49, 49" and 49", are
energized through the pairs of the conduc-
tors 2, 3 and 4, other ‘than the pair adapted
to energize - the electromagnet 20 in  the
switch.

The circuit 1-as illustrated in Fig. 4, is
adapted to be connected to the source of
energy 11 by switches, 12, '13 and 14.
Switches 42, 43 and 44, which are connected
respectively to three points 52, 53 and 54,
equally spaced, of a loop resistance or im-
pedance 51, are adapted to connect the cor-
responding points of the resistance or im-
pedance, when closed, respectively to the
conductors 2, 3 and 4 of the circuit 1. This
¢lement 51 corresponds to the conductor con-
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necting the members 32, 33 und 34 in Fig, 1, common ter minals of the groups of swmhes
but effects an additional function as herein- 727, 787, 74’ and 75’ 72 787 47 and T
! lor /’// lrl> Y84 /’Il /"'"‘///
atter disclosed. and 72777, 7377, T4 and . The other

In the operation of the devices, when de-
sired to close one of the selective switches
49, 497 and 4977, for instence the switch 49
and to maintain othm CW' tches 49" and 4977,
open, the switches 42, 43 and 44 are all
closed and the switches 12 and 13, ag indi-

cated with the dotted lines, are closed to en-
ergize through the conductors 2 and 3, all
nmfrnet% connected the1ebctween for in-
stance, the closing magnet 20 of the switch
49 and either of the open-circuiting magnets
47 and 48 in each of the switches 49 and
4977,

The resistanceor impedance 51, is of such
capacity as to render the eilect on the main
cirenit 1, resulting from the unbalanced
loading of the non-selective feeders, for
instance, the feeder 26, negligible, or of
such capacity at least as to m‘untam when
the switches 12 and 18 are closed. the volt-
ages between the conductors 2 and 4, and
3 and 4, insufficient for the enelolmtlon of
the electromagnets connectecd thetebe’f\veen.
for instance, magnets 47 and 48 of the
switch 49 and m‘wnets 20 of switches 497
and 497, to mlionn their respective func-
tions. even when there is unbalanced loading
of such feeders like the feeder 26.

It follows, therefore, that the selective
switch 49 closes and the sw itches 497 and 4977
remain opened. Finally, when the switch 14
is closed and the switches 42, 43 and 44, are

opened, theve'is obtained the desived selec-
tive (‘Hel('l/ 1wtion of the feeders connected to
the main cireuit 1, without any pilot or con-
trolling conductor other than those of the
main circuit. The operation of the selective
do%mo of the switch 49" or 4977, will be
obvious from the illustration given herein-
above, without any further description.

With a distribution system comprising
four conductors as in two-phase 4 wire sys-
tem, it is possible to male the selective en-
ergization of one out of six feeders hranch-
1n” from a main cncmt by proper applica-
tion of my invention. The selective switches
may be of construction similar to the switeh-
es 49, 497 and 4977, except with provision of
an extra number of the contacts like contact

19 of electromagnets such as magnet A7 or
48, each for opening the circuit of winding

20 and of the contact devices like {LL device

45 or i(), each for opening the circuit of
each of the nledmnmonetq like magnet 47
or 48. TIn this case the resistance or nnp(\(‘

ance device which corresponds to the ve-
sistance or impedance 31, in Fig. 4 may be
modified as shown in Fig. 5. The resistance
T1 consists of two parts “with a common ter-
minal 7177 and terminals 717 and 717”7 at the
other ends of the parts. The terminals 71",
17 and T are *connected respectively to

terminals of the
are
the
the

SWliChLS 4’, 79" and 72"
all connected to conductor 792, those of
switches 73/, 73", and 73", all to
conductor 73, those of the switches
74, 74, and T4, all to the conductor
74, and those of the switches 757, 75"
and 75", all to the conductor 75. The
condnctors 72, 73, T+ and 75, that make up
& main circuit 61, are prowded with gwitches
62, 63, 64 and (w respectively for the pur-
pose of connecting the conductors to the
source of energy 11.

In the operation of the last mentioned dis-
tribution system, when desired to close one
of the wledlve smtchos and to have all
gthers remain opened, in order to energize
only one feeder controlled by the switch, as-
suming that the switch dem ed to be closed
18 e,mm/ed through a pair of the conductors
T2 and 73, ﬁutly thev‘ conductors 72 and
T8, are counec ted to the end terminals 71/
and 7177 of the resistance 71. by closing
the switches 727 and 7“;’” secondly, the
other conductors, 74 and 75, are connected
to the middle terminal 7177 of the resistance
by closing the switches 74" and 75", thirdly
the ma]n switches 62 and 63 are (’l()‘:od to
energize the closing magnet, like magnet 20
m th(, selective switch '\\hl(‘h is desired fo
e closed and to operate electiomagnets, like
magnet 47 or 48, to open the cire lmx of thie
closing magncts in all other selective
switches which are desired to Lomdin opened
and finally, the connections to the resistance
71 are brolen by opunnﬂ the switches 727,
78777 7477 and 75”7 and the remaining ma Vin
switches 64 and 65 are closed. As the ca-
pacity of the resistance 71 is so chosen as to
ho 4 the conductors 64 and 63, substantially
at neutral potnntla‘ o the conductors 62 and
3, so that the effect of the unbalanced load-
ing of the main circuit, as ﬂlu%tmted m the
ease described relative to Fig. 1, is made
practically negligible. Tt mll bo obvious
without any further descr iption, that there
is obtained the desired selective cnergization
of the feeders branching from the main
cireuit.

The devices described hereinabove in con-
nection with Fig. 5, may be modified to

malve applicable {0 the case deseribed in con-
nection ith Fig. 4. and may be further
modified to make applicable to cases where-
in the main circuit comprises more than four
conductors.

Modification in the system and arrange-
ment and location of parts may be made
Wlﬂlln spirit and scope of my invention, and
such modifications ave intended to be cov-
erved by the appended claims.

T claim as my invention:—

1. The combination with a main circuit
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comprising three conductors, a plurality of
feeders, means for each of said feeders for
connecting same to said main circuit, means
for controlling “said connecting means
through a pair of said conductors and a plu-
rality of other feeders connected to said cir-
cuit, of means for holding the conductors of
said main cireuit other than said pair at a
predetermined - potential relation to said
pair whereby the proper operation of said
controlling means 1s assured even when said

“other feeders are unbalanced.

“for

35

40

2. The combination with a main circuit
comprising three conductors, a plurality of
feeders, means for each of said feeders for
connecting same to said main circuit, means
controlling said connecting means
through a pair of said conductors and a plu-
rality of other feeders connected to said cir-
cuit, of means for holding the conductors of
said main circuit other than said pair at the
neutral potential between said pair of the
conductors for assuring a proper operation
of said controlling means even when the
load on said other feeders is unbalanced.

3. The combination with a main circuit
comprising three conductors, a plurality of
feeders, means for each of said feeders for
connecting same to said main circuit, means
for controlling - said - connecting means
through a pair of said conductors and other
feeders connected to said main circuit, of
means for holding the conductor of said
main circuit -other  than said pair-at the
same potential with either of said pair dur-
ing said controlling means operated, so that
the proper operation of said means is as-
sured even when said other feeders are load-
ed in an'unhalanced manner:

4. Control system comprising a source of
electrical energy, a main circuit comprising
three conductors, a switch for each of said
conductors for connecting same to said
source- of energy, a plurality of feeders; a
plurality of switches, one for each of said
feeders. for connecting same to said main
circuit, comprising a plurality. of -electro-
magnets, one for closing the feeder switch
and the others for opening the circuit of
said closing electro magnet, each energized
through a different pair of said conductors,

- said closing electromagnet of each of said

o
<

60

63

switches being energized through a different

“pair of said conductors, whereby selective

closing of said switches is obtained by ener-
gizing through a.proper pair of said con-
ductors, and means for so under-energizing
electromagnets other than those energized
through said proper pair of the conductors
as to render them inoperative.

5. Control system comprising a source of
electrical energy, a-main circuit comprising
three conductors, a switch for each of said
conductors for - connection thereof to- said
source of energy, a plurality of feeders, a

.

S

plurality of switches, one for each of said
feeders for connection thereof to said main
circuit, comprising a plurality of electro-
magnets, one for closing the feeder switch
and the others for opening the circuit of
said clogsing electromagnet, each energize
through a different pair of said conductors
said closing electromagnet of each of said
switches being energized through a different

pair of said conductors, whereby selective

closing ‘of said switches is obtained by ener-
gizing through a proper pair of sald con-
ductors, and a resistance device adapted to
be so connected to said conductors as to un-
der-energize said electromagnets other than
those energized through said proper pair of

the conductors.

6. Control system comprising a source of
electrical energy, a main circuit comprising

three conductors, a switch for each of said %

conductors for comnection thereof to said
source of energy, a plurality of feeders, a
plurality of switches, one for each of said
feeders for connection thereof to said main
circuit, comprising a plurality of electro-
magnets, one for closing the feeder switch
and the others for opening the circuit of
said closing electromagnet, each energized
through a different pair of said conductors,
said closing electromagnet of each of said
switches being energized through a differ-
ent pair of said conductors, whereby selec-
tive closing of said switches is obtained by
energizing through a proper pair of said
conductors, and an impedance device adapt-
ed to be so connected to said conductors as
to under-energize said electromagnets other
than those energized through said proper
pair of the conductors.

7. Control system comprising a source of
electrical energy, a main circut comprising
three conductors, a switch for each of said
conductors for - connection thereof to said
source of energy, two groups of feeders, a
plurality of switches, one for each of said
feeders for connection thereof to said main
circuit, comprising a plurality of electro-
magnets, one for closing the feeder switch
and the other for opening the circuit of said
closing electromagnet, -each energized
through a different pair of said conductors,
said closing electromagnets for the switch
for a group of said feeders being energized
through a pair of said conductors and those
for the switches for the other groups of
feeders through another pair of said con-
ductors,- whereby selective connection of
said two groups of feeders is obtained by
energizing through a proper pair of said
conductors, and means to connect the con-
ductor common to the pairs of conductors
for energizing of feeder switch closing mag-
nets, to either of other conductors.
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