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Our invention relates, generally, to electrical
control systems and it has particular relation
to systems fer controlling and supervising the
operation of electric circuit breakers located at

5 a remote point. ’

In- the past, when it has been desired to con-
trol the operation of a limited number of circuit
breakers or other- apparatus units, located at a
point . remote from the control station. or office
where an operator is located, it has been neces-
sary in most instances to use one of the various
kinds of supervisory control! systems for effect-
ing the continuous supervision and control of the
circuit breakers. These systems are, as a gen-
eral rule quite complicated and expensive to
install and maintain in efficient operating condi-
tion. Consequently, the expense involved in us-
ing such a system is prohibitive in many instances
where it is necessary to reduce operating and in-
stallation costs to a minimum.

If the usual supervisory control systems are
not used, it has been necessary to use expensive
polarized relays or to use several conductors be-
tween the office and the remote point for con-
trolling and supervising each circuit breaker or
apparatus unit.

All of these systems have the very serious oh-
jection that they are expensive to install, either
because of the comparatively large quantity of
30 complicated apparatus necessary for their suc-
cessful operation, or because of the large num-
ber of conductors which must be run between the
control office and the sub-station for effecting
the desired conbrol and supervision of the appa-
ratus units. . .

It is, therefore, an cobject of our invention to
provide a remote control system which shall be
simple and efficient in operation and which may
be readily and economically manufactured and
installed.

It is also an object of our invention to provide
for controlling the operation of a circuit breaker
or other apparatus unit at a remecte point by
applying different polarities to a single control
conductor, ‘

A more specific object of our invention is to
provide for controlling and continuously super-
vising the cperation of a circuit breaker located
at a remote point over a single control conduc-
50- tor, ’

Another object of our invention is to provide
for automatically transferring a main power bus
from one source of supply to another in the event
that one of the scurces of supply sheuld fail.

Still another object of our invention is to pro-

40
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vide for controlling, over a pair of conductors, the
operation and supervision of remotely located
circuit breakers which are arranged to automati-
cally transfer s power bus from one source of
supply to another in the event that one of the
sources of supply should fail.

Ancther object of our invention is the pro-
vision of a system of the above character which
operates on opposite polarities without the use
of polarized relays the operation of which is un-
affected in the event of a single incidental ground
at any point on the system or in the event of the
reversal of polarity on common direct current
supply bus.

Other objects of our invention will, in part be
obvious and will, in. part appear hereinafter.

The invention, accordingly is disclosed in the
embodiment thereof shown in the accompanying
drawings and comprises the combination of ele-
ments and arrangement of parts that will be
exemplified in the embodiment hereinafter set
forth and the scope of the application of which
will be indicated in the appended claims.

For a fuller understanding of the nature and
objects of the invention, reference should be
had to the following detailed description, taken
in connection with the accompanying drawings
in which:

Figure 1 is a diagrammatic view of a remote
control system showing a plurality of circuit
breakers each of which may be controlled and
supervised at a distance over a single control
conductor.

Fig. 2 is a diagrammatic view of a remote con-
trol system showing a preferred and an auxiliary
circuit breaker, together with suitable control
apparatus for automatically transferring a main
power bus from one source of supply to another
in the event that one of the sources of supply
should fail, and

Figs 3 and 4 are modifications of the system
shown in Fig. 2.

Fig. & illustrates, in detail, the construction of
the position. indicators which may be used for
indicating the condition of the circuit breakers.

In order to effect the control and supervision
of remotely disposed circuit breakers according
to this invention, it is only necessary to pro-
vide a common direct-current control bus con-

necting the sub-station and the office and to sup- 9

ply a single control conductor for each circuit
breaker which it is desired to control and super-
vise.

In order to close a circuit breaker at the sub-
station, a negative potential is dpplied to the con-
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2
trol conductor by means of a suitable control
switch, which causes & circuit breaker closing
relay to be energized through a closed auxiliary
contact on the circuit breaker. The breaker
closing relay causes the closing coil of the cir-
cuit. breaker to be energized which, in turn, op-

erates the circuit breaker to the closed position,

and, at the same time, opens the circuit for the
breaker closing relay and closes a second circuit
in series with the trip coil of the circuit breaker
to the control conductor.

In order to indicate the position to which the
circuit breaker has been operated, an operation
indicator is provided which comprises two wind-
ings that are connected together at one end and
to the control conductor, the other ends of which
are, respectively, connected to the positive and
negative control buses. When either of the
windings is energized, a color indicator is moved
in accordance with the coil which has been en-

ergized ' to indicate  the last operation of the-

breaker, The resistance of the coils of the in-
dicator is relatively high and therefore, they re-
quire only a very small amount of - cmrent for
operation:

‘When a negative potential is apphed to the trlp
coil on closure of the circuit breaker, the negative
potential is also applied to the control conductor.
The coil in the position indicator, which is con-
nected to the positive control bus, will then be
energized and the corresponding indication of the
last operation of the circuit breaker will be cb-
tained. It should be noted, however, that while
sufficient current is caused to flow through the
indicator to perform the desired indicating op-
eragtion, this current is not sufficiently large to
cause the trip coil to be energized to such an
extent as to trip the closed breaker.

When it is desired to open. the circuit breaker,
it is only necessary. to apply a positive potential
to the control conductor through the operation-
of a suitable control switch which energizes the
trip coil through auxiliary contact members on
the circuit breaker. )

When the breaker opens positive potential is
applied to the control eenductor which will cause

the coil in the position indicator that is con- .

nected to the negative bus at the office to be en-
ergized, thereby operating the indicator to show
that the circuit breaker has been opened.

In order o prevent a pumping action on-the
vart of a circuit breaker in the event that it is
closed:.on a fault, a relay system is provided
whereby the closing mechanism for the circuit

breaker cannot be energized more than once for -

a single operation of the closing control switch.
The relay system is arranged to open the control
conductor in-the event of a fault to necessitate
the return of the close control switch to the “off”
position before a subsequent - clesing. operation
can be performed: -

For a more detailed description of the opera-
tion of the above-described system, reference

may be-had to Fig. 1 of the drawings, in which.

the numeral [ indicates a plurality of cireuit
breakers which are-to be controlled in accord-
ance with this invention. "As shown in this fig-
ure, several circuit breakers may be connected
to a common power bus and may be arranged to
supply power to-any circuits, as may be desired
through conductors 2. - Since the control circuits
and equipment may be in duplicate for each cir=
cuit, the same numerals and description will.be
applicable to each-of the circuit breakers shown.
It will also be apparent that as many units may

2,008,047

be added as required merely by increasing the

number of control units.

In order to supply suitable control current for
cperating the system, positive and negative con-
trol buses comprising conductors 2 at the sub-
station and 4 at the office are connected to suit-
able sources of direct-current. . These control
buses are connected together by means of conduc-
tors.5-which extend as indicated from the office
10 the sub-station and thus provide a common
direct-current control bus.

The only other conductors which connect the
ofﬁce with the sub-station are the single control
conductors §; each of which is associated at the
office end with its particular control equipment
and at the sub-station end with a circuit breaker
and its associated control equipment.

With a view to obviating the necessity for sup-
plying the -energizing currents for the closing
coils. of the circuit breakers over the control
conductors 6, auxiliary relays 1 are provided
which are so-constructed as to hold their con-
tact members 8§ closed for an appreciable time
after their opera,tmg coils have been de-ener-
gized.

Closing and tripping operations of the cireuit
breakers may -be effected from the office:end by
means of suitable control switches 9 and 186, re-
specitively, which are opergble to connect the
control conductors § either to the positive or the
negative control bus, depending on whether it
is desireq ‘to open or close a circuit breaker. -As
illustrated, the control switches are of :the push-
button type having normally closed contact mem-
bers 8¢ and {0¢ and normally open contact mem-

-bers 96 and {8b, respectively.:

It is to be understood, however, that any other
suitable type control switch may be used or: a
single switch may be used which may be operated
to one positicn to close a breaker and to another
position to open the breaker and having a nor-

mally closed operating position thereby perform-
mg the same function as the normally closed
contact members 3a and 18q illustrated.

The position of the. circuit breakers is md1-
cated at the office or at any other point by means
of position indicators f{ each of which is pro-
vided with two operating windings {2 and {3.
As shown, winding 12 is connected between the
positive control bus and the control conductor 6
while winding {3 is connected between the nega-
tive control bus and the control conductor 8.
Consequently when a. positive potential is im-
pressed -upon the control conductor 6, the wind-
ing 13 is.energized and operates the indicator to
one position while if the control conductor & is
energized with a negative potential the winding
12 is energized to operate the indicator to a dif-
ferent position.

As shown, two complete office control stations
are provided each comprising a close switch 8, a
trip switch {0 and & position .indicator il al-
though it is to be understood that only one con-
trol station may be used or-as many as is desired,
since the operation of any switch § will- close

“the circuit breaker associated therewith or the

operation of any switch {9, will open it.

When it is desired to close: a circuit breaker it
is only necessary to depress the closing switch 8,
thereby applying a negative potential to the con-
trol conductor 6 and causing the energization of
the circuit breaker relay 7, over a circuit which
may be traced from energized conductor 6,
through the actuating ¢oil of relay 1, conductor 14,
auxiliary contact members 15 of the circuit
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breaker | and through conductor I6 to the posi-
tive side of the control bus 3. The energization
of relay T causes contact member 8 to be bridged,
thereby completing an obvious energizing circuit
for the closing coil {7 of the circuit breaker.,

The closing of the circuit breaker | causes its
contact members {5 to be opened and contact
members i8, to be closed, thereby applying a
negative potential from the control bus 3 through
conductor 19, contact members 18, conductor
20, trip coil 21 of the circuit breaker |, conductor
22 to the control conductor 6. When the control
switch 8 is released, a circuit is completed from
the energized control conductor 6, through con-
tact members 8¢ and i8a and coil 12 of the posi-
tion indicators at each station to the positive bus
thereby operating the indicators 11 to show that
the breaker has been closed.

When it is desired to open the circuit breaker
{, the trip switch 10 is operated, thereby ener-
gizing the trip coil 21 over a circuit which may
be traced from the positive side of the control
bus 4 to the control wire § and through conductor
22 to the trip coil 2i of the circuit breaker f,
thence through conductor 29, contact members
18, and conductor 19 to the negative side of the
control bus 3. The circuit breaker | is then
opened and the contact members (5 located
therecn, are bridged, thereby applying positive
potential from the positive side of the contrecl bus
3 through conductor {6, contact members {5, con-
ductor {4, winding of relay 1, control conductor
6 to the coils 13 of the position indicators 11
through the normally closed contact members 3¢
and (8¢ of the control switches. 'The positive
potential thus applied to the windings {3 of the
bosition indicators causss them to be operated to
indicate that the circuit breaker { has cpened.

Since the position indicators 11 reguire but a
small amount of current for thzir operation, it
will be observed that several of these indicators
may be applied, where desired, at various points
along the control system. As shown, a position
indicator is also provided at the sub-station in
addition to the two at the control end in order
that an attendant may ascertain the position of
the circuit breaker without actually inspecting it.

As many circuit breakers as are desired may
be added at the sub-station. For each additional
circuit breaker, it will only be necessary to supply
one additional conductor between the circuit
breaker and the office for effecting both the con-
trol and the supervision since the conductors 5
serve to connect the control buses for any number
of circuit breakers.

In the event that it is desired to provide for
preventing more than a single operation of one
of the circuit breakers when the close control
switch asscciated therewith is operated, the trip
free relay system, shown generally at 23, may be
emplicyed. While the relay system 23 is shown
in connection with the middle circuit breaker con-
trol unit, it will be readily understood that it may
be used in conjunction with either of the other
units shown or in conjunction with the systems
which will ke described hereinafter.

The relay system 23 may comprise a current
overload protective relay 24 whose contact mem-
bers 23 are closed when a predetermined current
flows in the conductors 2. In addition to the
protective relay 24, a control relay 28 and a lock-
out. relay 27 are also provided.

The only change involved over the control
system described hereinbefore is the connecting
of the control conductor § through the normally

3
closed contact members 28 of the relay 26. Under
normal operating conditions, the functioning of
the control unit with the relay system 23 applied
thereto is the same as described 2bove. However,
in the event that there is a fault on the conductors
2, the operation will be different and it is de-
scribed as follows:

Referring now particularly to the middle cireuit
breaker control unit of Fig. 1 and assuming that
negative potential has been applied to the control
conductor & by the operation of the close control

witch 9, the relay T will be energized, as herein-

before set forth, threugh the closed contact mem-
bers 28 of the control relay 26, thereby energizing
the closing coil {7 and closing the circuit
breaker 1.

If there is a fault on the conductors 2, the
current overload relay 24 will be energized suffi-
cientiy to cause its contact membars 25 to close.
The energization of relay 24 will complete a cir-
cuit for energizing relay 26 which may ke traced
from the negative side of the contrel bus 8, wind-
ing of relay 28, contact members 25 of relay 24
and conductor 28 to the positive side of the con-
trol bus 3.

The energization of relay 28 opens the control
conductor § at the contact members 28 and com-
pletes a circuit for immediatsly tripping the cir-
cuit breaker 1. It also completes 2 cireuit for
energizing the lock-out relay 27 and for helding
itself closed until the contrel switch 9 is released.

The circuit for tripping the circuit breaker |
may be traced from the positive side of the control
bus 3, through closed contact members §3 of relay
26, conductor 22, trip coil 21, conductor 28, con-
tact members (8 and conductor {3 o the nega-
tive side of the control bus §.

The circuit for energizing the lockout relay 27
may be fraced from the negatively energized con-
trol conductor 8, through contact members 3¢ of
relay 28, and winding cf relay 27 $0 the positive
side of the centrol bus 3.

The energization of relay 27 completes a cir-
cuit for holding energized the control relay 26
which may be traced from the positive sids of the
control bus 8 through contact members 22 of relay
27 and contact members 33 of relay 26, and wind-
ing of relay 28 to the negative sids of the control
bus 2.

As long as the confrol switch ¢ remains closed,
the relays 26 and 27 will remain energized and no
further operation of the circuit breaker | can take
place until the control switeh 9 is released and
again closed.

When it is desired to insure that power will
be supplied to a customer, i is the usual practice
to provide for supplying the power nst oanly from
a single preferred feeder circuit but also from s
second or auxiliary feeder cireuit. It is then de-
sirable to provide for autcmatically transferring
the customer from the preferred circuit to the
auxiliary circuit in the event that the power sup-
ply should fail on the former circuit. At such
time when the power is again applied to the pre-
ferred circuit it is desirable o transfer the loagd
back to this circuit automatically.

In a system of this type, provision is made
for indicating to an operator at s central con-
trol point or office which circuit is supplying power
to a customer and, further, provision is made to
enable him to control either of the supply circuits
so that he may parallel them in some cases, or
S0 that he may cause the auxiliary circuit to be
continually the source of power for the customer
rather than the preferred circuit.
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According to this invention: we have. provided
for securing these desired results by the provision
of the remote control system shown in Fig. 2.

This system comprises a main power bus 35
which may be fed either from a preferred feeder
cireuit 85 or from an auxiliary feeder circuit &7.
The preferred feeder ecircuit 38 is connected to
the main power bus 35 through conductors 48 and
41 of the contrcl bus at the substation and con-
ductors § and § at the office by means of con-
ductors 49 and 58 and control a preferred circuit
breaker P, while the auxiliary feeder circuit 37 is
connected to the main power bus 35 by means of
an auxiliary circuit breaker A.

The preferred circuit breaker P is provided
with a trip coil 38 which is disposed to be-ener-
gized direcily from the control circuit and a clos-
ing coil 88 which is disposed to be energized from
a control bus, comprising conductors 40 and 41,

‘Upon the operation of .a circuit breaker closing

relay. £2. TIn like manner the auxiliary circuit

. breaker A is provided with a trip coil 43 and a

0
St

closing coil 42 which is disposed to be energized on
operation of a circuit breaker closing relay 45.

The cireuit breaker closing relays 42 and 45 are

of any suitable type that will remain in the closed
position for a short interval after their.operating
coils’ have been deenergized. Power may then
be applied to the closing coils 398 -and 44 for a
sufficient length of time to insure that the respec-

- tive circuit breakers P and A have closed.

n the event that the power supply to the pre-
ferred feeder circuit 36 should fail, an actuating

- relay 48, which has previously been energized on
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the operation of a voltage delay relay 41, is de-
energized thereby causing a transfer relay a8 to
be energized. The energization of relay 48 simul-
tansously. causes breaker P to be tripped and cir-
cuits to be completed which result in the opera-
tion of the auxiliary eircuit breaker A to the
closed position.

The circuit breakers P and A may be controlled
and supervised from the office by the operator in
the manner set forth hereinbefore in connection
with Fig. 1. As dsscribed hereinbefore, as many
control points may be provided as are desired by
the addition of the necessary number of close and
trip switches 15 and 8, respectively. In like man-
ner additional position indicators {7 may also be
provided. Suitable connections are made between

“the office and the circuit breakers by means of

conductor § provided for each circuit breaker,
With a view to preventing the automatic opera-
tion of the transfer relay #8, at the will of the
oparator, locking relays B2 and 33 are provided.
Tt will be observed when relay 48 is de-energized,
that lock-in coil B4 of relay §2 is connected in
shunt-circuit “relation with the actuating coil
of relay 4% while the lock-out coil 58 of relay
52 is connected in shunt-circuit relation with the

-trip coil 82 of circuit breaker P. It will also be

observed, when relay 88 is de-energized, that the
lock-in eoil 55 of relay 53 is connected in shunt
circuit relation with the trip coil 43 of the auxil-
iary circuit breaker A while the lock-out coil §7
of relay 53 is connected in shunt-circuit relation
with the actuating coil of relay #8. :
When the operator at the office causes the cir-
cuit breaker P to be tripped, the lock-out coil
55 of relay 52 will be energized thereby pre-
venting the energization of relay £8 and the sub-
sequent -automatic operation of the auxiliary eir-
cuit breaker A. In like manner, when the opera-
tor at the office causes the auxiliary circuit break-
er A to be operated, the lock-out coil 57 of relay

8,008,047

53 is energized thereby preventing the automatic
transfer to the preferred circuit. In order to re=

store the system for automatic operation, it is-

necessary for the operator to open the auxiliary
circuit bresker A and to close the preferred eir-
cuit breaker P. ' The system will then be so ar-
ranged as to automatieally transfer from the pre-
ferred feeder circuit 38 to the auxiliary feeder cii-
cuit 37 when the power is lost on the former and
to automatically return to the preferred circuit
on return of power thereto, '
The voltage delay relay £7 is of the type which
is disposed to operate to bridge its contacts a
predetermined length of time after power has
been applied to the preferred feeder circuit 36.
This time delay is desirable in order to insure
that the power has been definitely returned to
the preferred circuit. The danger of initiating
the automatic operation of the system back fo

the preferred feeder circuit on a return of power -

thereto for a very short period of time is thus
eliminated. : )

In order ic profect the system in the event
that a fault should occur, current overload re-

lays 58 and 59 are provided which may be of 2
~any well known type suitable for this purpose

and are disposed to be connected to the feeder
circuits 38 and 87, respectively, by means of cur-
rent transformers 84 and 82.

In crder to prevent an automatic transfer to:

the auxiliary feeder circuit 37 should it not be
energized when power is lost on the preferred-cir-
cuit 38, an under-voltage relay 63 is provided.
This relay is provided -with contact members
connected in the energizing circuit for the trans-
fer relay 48 which are closed when power is ap-
plied to the auxiliary circuit to render the trans-
fer relay 48 cperable and are open when the
guxiliary circuit is deenergized thereby prevent-
ing operation of the transfer-relay 48.

With a view {0 more fully describing the nature
of the remote control and automatic changeover
system shown in Fig. 2 of the drawings, a de-
tailed description of its function and operation
will be given. It will be assumed that power is
applied to both the preferred feeder circuit 39
and to the auxiliary feeder circuit 37. It will also
be assumed that the lock-in coil 58 of the locking
relay 58 has been energized by some previous

operation so that the contact members 64 of this :

relay are bridged.
When the close switch 5 associated with the

o

Io

15

3R

40

preferred feeder circuit at the control station is

depressed by the operator, a negative potential is
applied from the control bus conductor 8§, con-

_ductor- §5, through contact members 66 of the

transfer relay 48, conductor 6%, lower contact
members 88 of overload relay 58, conductor 89, the
actuating coil of the circuit breaker-closing relay
42, conductors 78 and 1i, and auxiliary contact
members 2% on the preferred circuit breaker P
to the positive control hus. The circuit breaker-
closing relay 42 will then be energized and in
turn the closing coil 29 of the preferred circuit
breaker P will be energized over an obvious cir-
cuit, ‘thereby causing the circuit breaker P to he
actuated to the closed position. .
At the same time that the acfuating coil of
the relay 42 is energized it will be observed that
the lock-in coil 54 of relay B2 is also energized
since it is in shunt circuit relation with this
coil as hereinbefore set forth. The energization
of the lock-in coil ‘54 insures that contact mem-
bers 72 of the locking relay 5% will be closed so
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that the system will be arranged or set up for
automatic change-over operation.

Upon closure of the circuit breaker P, auxiliary
contact members 28 of the circuit breaker will be
bridged, thereby applying negative potential from
the control bus to the trip coil 38 of this circuit
breaker and back over the circuit previously
traced, in connection with the energization of the
actuating coil of relay 42, to the operation indi-
cator !T ot the office where the coil 18 of the
indicator will be energized, thereby indicating to
the operator that the cireuit breaker P is now in
the closed position.

If for some reason the power fails on the
preferred feeder circuit 36, the voltage-delay relay
47 and the actuating relay 46 will immediately
become de-energized. A circuit will then be set
up for energizing the transfer relay 48 which may
he traced from the negative control bus through
the bridged contact members 13 of the circuit
breaker P, conductor 14, contact members 15 of
the actuating relay 46, conductor 11, contact
members 12, the operating coil of relay 48, con-
tact members 64 of relay 53, conductor 18, bridged
contact members 79 of the under-voltage relay 63,
conductor 89, contact members 81, conductor 82
and bridged contact members 22 of circuit breaker
A to the positive control bus.

The transfer relay 48 is thus energized and
operates to complete a trip circuit’ for the pre-
ferred circuit breaker P which may be traced
frem the negative control bus through bridged
contact members 25 on the circuit breaker P, trip
coil 38, conductor §9, contact members 68, con-
ductor 67, contact members 83 of transfer relay
48, conductors 84 and 18, contact members 19,
conductor 80, contact members 81, conductor 82,
and contact members 22 of the auxiliary breaker A
to the positive side of the control bus.

At the same time the operation of the transfer
relay 48 effects the energization of the control
relay 4% for auxiliary breaker A over a circuit
which may be traced from the positive control
bus, contact 85 of the auxiliary circuit breaker A,
conductor 8¢, actuating coil of relay 45, conductor
21, contact members 88 of over-load relay 59,
conductor 89, contact members 99 of the transfer
relay 48, conductor 11, contact members 15, con-
ductor 74 and contact members 73 on the pre-
ferred circuit breaker P to the negative control
hus. The closing coil 44, of the auxiliary circuit
breaker A, will then be energized with the result
that this circuit breaker will be closed.

As soon as the circuit breaker P has heen
tripped, contact members 13 will be opened with
the result that the transfer relay 48 will be de-
energized. A circuit will then be established for
transmitting the indication of the position of the
auxiliary circuit breaker A to the office by means
of a circuit which may be traced from the nega-
tive bus through contact members 25 on the
auxiliary circuit breaker A, trip coil 43, conductor
81, contact members 88, conductor 89, contact
members 91 of transfer relay 48, conductor 92,
conductor 8, control switches 15 and 16, and coil 18
of position-indicator 1T to the positive control
bus, thereby indicating that the auxiliary circuit
breaker A has been operated to the closed posi-
tion,

In the event that power is again applied to the
preferred feeder circuit 36 the voltage-delay relay
471 will be energized and after a. predetermined
length of fime its contact members will close to
complete an obvious circuit for energizing the
actuating relay 46. The transfer relay 48 will
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then be energized over a circuit which may be
traced from the positive control bus through con-
tact members 82 of the preferred circuit breaker P,
conductor 93, contact members $4 of the actuating
relay 48, conductor 77, contact members 12,
actuating coil of relay 48, contact members €4,
conductor 78, contact members 78, conductor 80,
contact members 95 of the actuating relay 46,

conductor 96 and contact members 87 of the:

auxiliary civcuit breaker A to the negative side
of the control bus. The trip coil of ecircuit
breaker A will then be energized over a circuit
which may be traced from the negative side of
the control bus, contact members 25 of the auxil-
iary circuit breaker A, trip coil 43, conductor 81,
contact members 88, conductor 89, contact mem-
bers 88, conductor 11, contact members 94, con-
ductor 88 and contact members 92 to the positive
side of the control bus.

At the same time the circuit breaker relay 42
will be energized over & circuit which has been
traced hereinbefore.

Suitable indications will be given back to the
office over circuits which have been traced here-
inbefore.

In the event that the operator wishes to par-
allel the preferred circuit 36 with the auxiliary
feeder circuit 37, the control swiich 15 that ig
associated with the auxiliary breaker is depressed
thereby causing the energization of relay 45 over
a circuit which may be traced from the negative
control bus at the office, conductors § and 92,
contact members 91, conductor 89, contact mem-
bers 88, conductor 87, actuating coil of relay 45,
conductor 86, and contact members 85 to the posi-
tive side of the control bus. The auxiliary circuit
breaker A will then be actuated to the closed
bosition as hereinbefore described.

At the same time that the actuating coil of relay
45 is energized the lock-out coil 57, of the lock-
ing relay 52, is also energized over a circuit which
extends from the energized conductor 8, through
the lock-out coil 57, conductor 86, and contact
members 85 to the positive control bus.  Auto-
matic change-over operstion of the system will
then be precluded until such time as the operator
depresses the control switch 16 asscciated with
the auxiliary circuit breaker A to actuate this
circuit breaker to the open position.

In the event that an overload occurs on the
preferred feeder circuit 38, the over-load relay
58 will be actuated and contact members §8 on
this relay will be closed to establish g trip cir-
cuit for circuit breaker P which extends from the
positive side of the control bus, contact members
98, conductor 88, trip coil 38, confact members
25 to the negative side of the control bus. The
circuit breaker P will then be automatically
cpened, but since power is still applied to the
preferred circuit and relays 46 and 47 are ener-
gized, no automatic transfer to the auxiliary
feeder circuit will take place. In like manner,
if power is being supplied over the auxiliary feed-
er circuif, the current overload relay 52 will serve
to trip cut the circuit breaker A in the event of
an overload.

In order to insure that either the auxiliary
circuit breaker A or the preferred circuit breaker
P has been tripved prior to the closing of the
other breaker, the system shown in Fig. 8 may
be utilized. This system is identical with that
shown in Fig. 2 with the exception that an in-
terlocking relay 180 is added together with cer-
tain changes in the circuits by means of which
automatic operation is effected, In addition, the
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transfer relay 48 is arranged so as to remain in

the energized position for a short interval of time

after its actuating coil has heen de-energized.
~"Briefly, the function of the interlocking relay
{88 is to connect the trip coil of either circuit

‘breaker directly to the positive potential rather

than to necessitate the circuit being completed
through the auxiliary contacts on the other cir-
cuit breaker.  The actuating coil of relay 690 is
connected in parallel-circuit relation with the
actuating coil of relay 48 and is disposed to be
energized in response. to the operation of the un-
der-voltage relay &7.

In describing the function of the interlocking

" relay 109, it will be assumed that the system has
been operating with the preferred circuit breaker

P closed and supplying power to the main power
bus from the preferred feeder circuit 38. It will
also be assumed that contact members 72 and 64
on relays 52 and 53, respectively, are closed and
that the voltage relay §3 is energized from the
auxiliary feeder circuit 81.

In the event of a power failure on the pre-
ferred feeder circuit 36, relays 48, 47 and {09 will
be de-energized immediately. "As a result of the
de-~energization of relay 48, the transfer relay 48
will ke energized over a circuit which may be
traced from the positive control bus through con-
tact members 78 of the preferred circuit breaker
P, conductor 74, contact members 15, conductor
181, contact members 12, actuating coil of relay
48, contact members €4, conductor 102, contact
members .78, conductor. 88, contact members. 81,

.conductor 82 and contact members 22 to the neg-

ative side of the control bus.

The preferred circuit breaker P will then be
automatically tripped over a circuit which may
be traced from the negative control bus, contact
members 25 of circuit breaker P, trip coil 38, con-
ductor, 83, contact members 68 and 83, conductor
103, contact members 104 of the interlocking re-

lay 168, to the positive side of the confrol bus.

In response to the opening of the preferred cir-
cuit breaker P a circuit will be:completed for
energizing the closing relay 45 to effect the clos-
ing of the auxiliary circuit breaker A.

The circuit for energizing relay 485 may be
traced from the positive control bus, contact mem-
bers 85 of the auxiliary circuit breaker A, conduc-
tor 86, actuating coil of relay 48, conductor 81,
contact members £3, conductor 8§, contact mem-
bers 80 of the transfer relay 48, conductor (05,
contact members {68, conductors {87 and 83 and
contact members 82. which are closed when the
preferred circuit breaker P is open, to the nega-
tive -control bus.

It will be observed that the circuit for closing
the auxiliary circuit breaker A is not completed

until the preferred circuit breaker P has been:

opened and contact members 92 on this 01rcu1t
breaker have been bridged.

The usual indications for showing that the
preferred circuit breaker P has been copened and
the auxiliary ecircuit breaker A has heen closed
will be transmitted back over the respactive con-
trol circuits to the operation indicators 17 at the
office, as hereinbefore described. The transfer
1e1ay 48 will also be de-energized because of the
opening of contact members 73 of the preferred
circuit breaker P.-

In the event that power returns to the pre-
ferred feeder circuit 38, the main power bus will
be automatically transferred from the auxiliary
feeder circuit 37 back to the preferred feeder cir-
cuit 38. A vredetermined time after power has
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been returned to the preferred feeder circuit 36,
the voltage delay relay 47 will be actuated to its

closed position thereby energizing the actuating _

relay 48 and the interlocking relay 109.

As a result of the energization of-the relay 48
the transfer relay 48 is energized over a circuit
which may be traced. from the positive control
bus, contact members 87 of the auxiliary circuit
breaker A, conductor 98, contact members 93,
conductor 88, contact members 18, conductor: {82,
contact members 84, actuating: coil of relay. 48;

‘econtact members 12, conductor {81, contact mem-

bers 84, conductor 83 and contact members 82 of
the preferred-circuit breaker P, to the negative
control bus.

The closing of transfer relay 48 estabhshes ‘2
circuit for fripping the auxiliary circuit breaker

10

A which may be traced from the negative control -

25 of the auxiliary
conductor 81, con-

bus, threugh contact members
circuit breaker A, trip coil 43,

tact ‘members 88, conductor 88, contact mem--
_bers 89, conductor 188, and contact members {08
of the 1nte1 iocking relay !09 to the positive control .

bus.

When the circuit breaker A is tripped, a cir-
cuit is established for energizing the closing relay
42 associated with circuit breaker P, which may
be traced from the positive control bus, contact
members 22 of the preferred circuit breaker P,

actuating coil of relay 42, conductor €8, contact ¢

members-88 and 83, conductor 183, contact mem-~
bers 189 of the interlocking relay 189, conductors
109 and 82; and contact members: 22 of circuit
breaker A to the negative control bus.

It will be again observed that it is necessary for
the auxiliary circuit breaker A to be in the open
position and for its contact members 22.to be
bridged before the preferred circuil.breaker P
may be closed.

Referring now to Fig. 4 of the drawmgs the
electrical control system shown  is especially
adapted for automatic operation of the transfer
feeder system-in which it is desired to arrest the
operation of the automatic transfer system and
to operate both feeder circuits in parailel.

In general, this system comprises, at the office,
closing switches {5 and trip sw1tches 18 together
with ‘operation indicators {7 associated with the
preferred and auxiliary feeder circuits as de-
scribed. hereinbefore. In addition, the control
bus, comprising the .positive and negative con-
ductors § and 6, is provided at the office and is
connected to the corresponding: control bus at
the sub-station by means of .conductors £9 and 58.
In addition, control conductors 8 are provided for
connecting the control apparatus associated with
each individual circuit at the office and at the
sub-station.

At the sub-station, a preferred circuit breaker
P is provided having a trip ccil 38 and a closing
coil 39. In order to actuate the circuit breaker
P to the closed position, a circuit breaker closing
relay 42 is provided. An auxiliary circuit breaker
A is- also provided at the sub-station having a
trip coil 43 and a closing coil 44 together wﬁh a
circuit. breaker closing relay 45.

- It will be observed that the prelerred circuit
breaker P is disposed to connect the main power
bus 35 to the preferred feeder circuit 88 while the

auxiliary circuit breaker A is disposed fo. connect

the main power bus 383 to the auxiliary feeder
circuit 37.

In order to render the system automatlcally
responsive to the voltage applied to the preferred
feeder circuit 26, the under voltage relay 47 is
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provided, the contact members of which are dis-
posed te be bridged a predetermined length of
time after voltage has been applied to its actuat-
ing coil. The bridging of the contact members
of relay 47 effects the energization of the coil of
the actuating relay 48, the function of which will
be set forth hereinafter.

The manual operation of the circuit breakers
may be effected by means of main control relays
111 and 1i2 which serve tc energize the double-
coil lock out relays 113 and 144. The operation
of the lockout relays i13 and 114 serves to-ener-
gize a transfer relay {15, the function of which
will be set forth hereinafter.

In the event that it is desired to arrest the auto-
matic operation of the system when the auxiliary
circuit breaker A is closed and to prevent the
preferred circuit breaker P from closing on return
of power to the preferred circuit 26, an automatic
arresting relay 118 is provided which may be ac-
tuated by means of a push-button switch {17 lo-
cated at the office.

‘In order to more clearly set forth the operation
of this system, the operation necessary to cause
the closing and tripping of the auxiliary circuit
breaker A will be described. Tt will be assumed
that pocwer is applied to both the preferred feeder
circuit 38 and the auxiliary feeder circuit 37 and
that both preferred circuit breaker P and the
auxiliary circuit breaker A are open.

The operator now depresses the close switch
I5, associated with the auxiliary circuit at the
office, and thereby applies negative potential
from the control bus § through conductor 9 to
the actuating ccil of the relay 142 through con-
ductor {18, contact members #19 of the auxiiary
circuit breaker A to the positive control bus. The
main control relay {12 is then closed to energize
the right-hand coil of lockout relay §14 over a

ircuit which may be traced from the positive
control bus, contact members {8 of the suxil-
tary circuit hreaker A, conductors {i8 and | 20,
contact members 21 of the arresting relay 118,
conductor {22, contact members 123 and 124 of
the main control relay 412, conductor 125, and
actuating coil {28, tc the negative control bus.
The right-hand contacts 128 of relay (14 will
then be clesed. However, no further operaticn
will be accomplished until the operator releases
the ciose switch I5. )

When the operator releases the close switch
{5, relay 112 is de-energized and opened to com-
plete a circuit for energizing the circuit breaker
closing relay 45 which may be traced from the
positive control bus, through contact members
120 of the auxiliary circuit breeker A, actuating
coil of relay 45, conductor 130, contact members
131 of relay {12, conducter 122, contact members
133 of relay {i§, conductor {24 and contact mem-
bers 128 to the negative control bus. The con-
tact members 145 of relay 83 are thus closed to
energize the closing coil 24 of the auxiliary cir-
cuit breaksr A over an gbvious circuit.

The indication, that the auxiliary circuit
breaker A has closed, will ke transmitied o the
office from the sub-station cver a circuit which
may be traced from the negative control bus,
through contact members {35 of the auxiliary
circuit breaker A, conduector {18, actuating coil
of relay 112, conductor 9 and coil {8 of operation
inductor 11, to the positive control bus. The
energization of cecil 18 operates the indicator (71
to show that the auxiliary circuit breaker A has
been closed.

In order to open the auxiliary circuit breaker

7

A, after it has once been closed, the cperator de-
presses the trip switch {8, that is sssociated with
the auxiliary circuit breaker A ab the ofice and
applies positive potential from the control
to the conducter § and through the cperatis
coll of relay {12, conducter {i8 and contact mem-
bers 135 of the auxiliary cireuit bresker A, to
the negative control bus at the sub-station.

Relay {12 is thus ensrgized and ciczss, {0 estab-
lish a circuit for energizing the lefi-hand egil
188 of relay i!4 which may bs traced from the
negative control bus, through conrtact members
{35 of the auxiliary eircuit breaker A, conductors
{18 and 120, contact members 21 of relay 18,
conductor §22, contact members 22 and {25 of
ing ¢oil 199
to the positive control hus. 'The left-hand con-
tact members of relay {4 are then ciosed through
the energization of the lsfi-hand actuating coil
190, - However, no furthsr action
until the operator releasss the trip
it has returned to the » i
time the main control reizy i

A circuit is then ccmpleted for i
auxiliary circuit breaker A which may be
from the negative control hus, t 0
members 138 of the auxiliary
trip coil 42, cenductor i33, contact

<

and contact members 132 of relay (14
positive control hus, The auxiliary ci
breaker A is then opened and the correspond-
ing indication is shown on the indicator {7 as-
sociated with the auxiliary circuit breaker at the
office in the same manner as heretofcre deseribed
in connection with the closing of this circuit
breaker.

In order to close the preferred circuit hreaker
and to set up the systera for automatic opsraticn
alter the auxiliary circult bres been
tripped, manually, as previously 3
operator closes one of the close nas 15 a8~
sociated with the preferred circuit breaker at the
office. The closure of the switch {§ applies nega-
tive petential from the control bus § to conducior
§ and the actuating coil of main control relay !t
through conductor {48, and contact members 144

{ the preferred circuit breaker P fo the positive

control bus., The energization of relay 1ié causes
the right-hand actuating coil {32 of relay 113
to ‘be energized cver a circuit which may be
traced from the positive control bus, contact
members 141 of preferred breaker P, conductor
{40, contact members 44 and i9! of the relay
i1, conductor 148 and actuating coil 142 to the
negative control bus.

The operation of relay |3 estahlishes an ener-
gizing circuit for the transfer relay. 115 which
extends from the negative control bus through
contact members 147 of relay 12, conductor 148,
actuating coil of relay {45, conductor {48 and
contact members {60 on relay {44 io the posi-
tive side of the control bus. Ne further opera-
tion takes place until the “close” switch 15 has
been released at which time the actuating coil
of relay 1l is de-energized to permit the open-
ing of the relay.

Relay It closes its contact members 153 when
the close switch 15 is released, to establish a eir-
cuit for energizing the circuit bresker closing
relay 42 which may be traced from the positive
side of the control bus, contect members (5§ of
the preferred circuit preaker P, actuating coil of

has
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relay ‘42, conductor 152, contact members 183,
conductor {54, contact members {55 of the trans-
fer relay {18, conductor {56, contact members
{57 of relay 48, conductor {58 and contact mem-
bers 159 of the auxiliary circuit breaker A to the
negative control bus. The closure of the pre-
ferred circuit breaker P will cause a negative

- potential to bz applied to the control wire 9

Lnrohgh the contacts {88 on the preferred circuit
pbresker B to operate the corresponding indicator
i1 at the office in the same manner as described
hereinhefore.

In the event that the power supply should fail
on the preferred fesder circuit 3§, it is the func-
tion of this system to automatically transfer the
main power bus to the auxiliary feeder circuit

37 in order to insure that a continuity of supply

will be maintained on the main power bus.
When the power supply fails on the preferred
feeder circuit 88, the actuating relay 46 will be
immediately  de-energized. A circuit will then

. be set up for tripping the preferred circuit break-
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er P which may be traced from the negative con-
trol bus; contact members {81 of the preferred
circuit breaker P, trip coil 88, conductor 152, con-
tact members {83, conductor {84, contact mem-
bers . ¢85, condu_ctor 188, and contact members
{82 of relay &3, to the positive control bus.

At the same tr'ne a-circeuit is set up for ener-

gizing the circuit breaker closing relay 45 which -

may be traced from the positive control bus, con-
tact members {28 of the auxiliary circuit breaker

A, actuating coil of relay 48, conductor 138, con-
tam, members {81, conductor {32, contact mem-
bers 163 of relay £ 18, conductor {84, contact mem-
bers 188 of relay £8, conductor {85 and contact
members 188 of the preferrad breaker P, to the
negative contrel bus. -

Tt will be observed that the aux1ha1y crrcurt

_breaker A is prevented from closing - until the

preferred circuit breaker P has been opened and
its contact members {68, are closed.

The energization of rvelay £5 will cause the
energization of the clesing coil 44 over an obvious
circuit and the auxiliary circuit breaker A will
then be closed.

‘When the power is again applied to the pre-

- ferred feeder circuit 38, the voltage delay relay 47

will be energized and a predetermined time there-
after its contact members will be closed to ener-
gize the actuating relay 48.

When the actuating relay 45 closes, a (nrcuru
is set up for tripping the auxiliary circuit breaker
A which may be traced from the negative con~
trol bus through contact members i38 of the

auxiliary circuit breaker A, trip coil 42, conductor -

120, contact members 131, conductor 132, con-
tact members 163, conductor {84, contact mem-
ers 187 of relay 48, to the positive control bus.

The closure of contact members {58 of the
auxiliary circuif breaker A energizes the closing
relay 42 to effect the closure of the preferred

circuit breaker P. The energizing circuit for.

relay 42 may be traced from the positive control
bus, through contact members {5¢ of the pre-
ferred circuit breaker P, actuating coil of relay
42, contact members (83, conductor {84, contact
members {55, conductor. 188, contact members
157 of relay 48, conductor 188 and contact mem-
bers 188 of the auxiliary circuit breaker A to the

" negative side of the control bus.

o~
e

The-corresponding operation indicators at the
office will-be operated to indicate that the auxil-
iary circuit breaker A has opened and that the
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preferred circuit breaker P has closed in the same
manner as set forth hereinbefore.
In the event that it is desired to arrest the

automatic operation of the system after the aux-

iliary circuit breaker A has been closed to pre-
vent. the preferred circuit breaker P from being
automatically closed upon reapplication of power
to the preferred feeder circuit 36, the automatlc
arresting relay 118 is operated. .

The circuit for energizing this relay §16 is es-
tablished by the operator depréssing a push but-
ton 117 at the office which applies positive po-
tential through conductor § to the actuating relay
1186, thence through conductor 167, contact mem-
bers 188 of relay 115, conductor 188, contact mem-~
bers 170 of relay 46, conductor 171, contact mem-
bers §72 of the auxiliary circuit breaker A, con-
ductor - 172 and contact members {78 on circuit
breaker P to the negative control bus.

At the same time that the arresting relay {16
is energized, the main control relay {12 is also
energized on the application of positive potential

to the conductor 8§ through the actuating coil of

relay 112, conductor {i8 and contact members
135 of the auxiliary circuit breaker A to the nega-
tive side of the control bus. .

Operation of relay #i2 estabhshes an energiz-
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ing circuit for. the right-hand coil {26 of relay -

144 which may be traced from the positive con-
trol bus, through contacts 175 of relay 118, con-
ductor 122, confact members {23 and 124, con-
ductor 125, and actuating coil §26 to the nega-
tive control bus. -Contact members §30 of relay
{14 are thereby opened and transfer relay {15 is
de-energized. The de-energization of relay {15
opens contact members 168 through which the
energizing circuit for the actuating coil of relay
{16 was completed. However, the actuating coil
of relay #16 is connected directly to the negative

'side of the control bus over & circuit which ex-

tends from-the actuating-coil of relay 146, con~
ductors 167 and 176 and contact mewbers {17 to
the negative side of the control bus. The relay
116 is thereby maintained energized after relay
115 has been de~energized. |

Tt will also be observed that the left-hand coil
178 of relay 112 will be energized upon energiza-
tion of relay 116 over a .circuit which may he
traced from the mnegative control bus through
contact members 178 of relay {16, conductors 180
and {81, and actuating coil {78 to the positive side
of the control bus.

The opening of contact members: 158 of relay_

118 and 147 on relay {18 due to the energization
of relay- 116 serves to insure that the transfer
relay |15 will be de-energized with the result that
automatic transference of the system back to the
preferred feeder circuit 38 is prevented on re-
application of power thereto.

When the operator releases the push bution
117, relays 112 and 116 will be immediately de-
energized.

It will now be observed that any action on the

part of relay 48, when power is again applied to
the preferred feeder circuit, will not initiate the
automatic transfer back to the preferred feeder
circuit because relay {15 is de-energized.

In.the event that it is desired to parallel the
preferred feeder circuit 88 with the auxiiiary
feeder circuit 37 when the automatic transfer has
been arrested, as previously described, the oper-

~ator depresses the “close” switch {5, that is as-

sociated with the preferred circuit breaker at the
office, thereby energizing relay (11 over a circuit
which has been previously traced. The right-
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Hanhd coil 142 of relay 113 is then energized over
& clreuit which. may be traced from the positive
control bus through contact members: i1 of the
preferred. circuit breaker P, conductor 140, con-
tact: members 144 and 191, conductor 146 and
relay coil: 142 to the negative control bus. No
further action will take place until the operator
releases-thie “close” switch 15 at which time relay
114 will be de-energized.

A circuit will then be completed for actuating
the circuit breaker relay 42 which may. be traced
from. the positive control bus. through contact
members 151 of the preferred. circuit breaker P;
actuating coil of relay 42, conductor 152; contact
members 153, conductor 154, contact members
182 of relay 115, conductor 183, contact members
184.0f relay 1186, conductor 185, and contact mem-
bers 186, to the negative contrel bus. The pre-
ferred: circuit breaker P will then be closed. and
the corresponding operation indication: sent. back
to the office as previously described.

When it is desired. to again condition the sys-
tem: for automatic operation, the operator de-
presses.the “trip” switch 16, associated: with the

5 guxiliary circuit bresker; thereby causing the

auxiliary: circuit breaker A to be opened as pre-
viously: described: and, at the same time, causing
the left-hand coil: 135 of relay I 14 to.be energized.
The. transfer relay 145 will: then: be again: ener-

- gized and the circuits will be set up for automatic

transference. from: the preferred circuit. to the
auxillary feeder circuit in: the event that power
should fail on. the preferred: feeder circuit. In
addition, thie circuits will again be:set up for-auto-
matically transferting from:the: auxiliary feeder
circuit back to the preferred feeder cireuit when
power ig returned to.the latter circuit:

Since certain: further changes may be made
in the above construction. and: different embodi-
ments of the invention may be made without de-
parting from the scope thereof, it is intended: that
all. matter contained: in. the above description. or
showrn in. the accompanying drawings: shiall be
interpreted. as: illustrative: and not in. a- limiting

- Sense,

We:claim:ag:our invertion:

I. In a power coxtrol system, in combinstion,
a flrst station, a-second station; a direct current
eontrol bus connecting the stations, ecircuit
breakers: at- the second station for connecting a
preferred feeder circuit and: an auxiliary feeder
cireuit to a-main pewer bus, control and signalling
means at the first station individual to-each cir-
cult breaker'at the second station, said signalling
means being: responsive to different polarities, a
control conductor for connecting each circuit
breaker-to the corresponding control and signal-
ling means at” the first station, relay means re-
sporsive to the voltage applied to the preferred
feeder circuit for transferring the main power bus
from the preferred fseder circuit to the auxiliary
feeder circuit on failure of voltage on the former
circuit and for transferring the main power bus
back to the preferred feeder circuit from the
auxiliary feeder circuit on return of voltage to the
preferred feeder circuit, control means. actuated
by the movement. of the circuit breakers for ap-
plying different polarities from the control bus
to the control conductors to actuate the sighalling
means for indicating the positions of the. circuit
breakers,. locking. relay means. at the second. sta-
tien. and. operable from the. first station. over the
eontrol. conductor individual: to the. preferred

. feeder circuit for preventing.the automatic.trans-

fer of the main power to the auxiliary feeder

9
circuit by opening the: energizing cireuit to said
transfer relay means when the preferred feeder
circuit is tripped: from the first station, and a
second locking relay-means at the second station
and operable from the first station over the con-
trol’ conductor individual to-the auxiliary feeder
circuit for preventing the automatic transfer of
themain power Busto the preferred feeder eircuit:
by opening the energizing cireuit to said transfer
relay means when the auxiliary circuit hreaker is
closed from- the fivst station.

2. In 27 power control system; in combination,
& main power bus, preferred and auxiliary feeder
circuits, a preferred circuit breaker and an
auxiliary- circuit bresker for connecting the
preferred and auxiliary feeder circuits respec-
tively to the main power bus, voltage relay means
responsive to the veltaze applied to the preferred
feeder circuit for opening the preferred cireuit
breaker and- closing the auxiliary circuit breaker
on failiire of voltage on the preferred feeder cir-
cuit and for opening the auxiliary circuit breaker
and closing the preferred circuit breaker on re-
turn of voltage to the preferred’ feeder cireuit,
and’ interlocking relay means connected to be
energized om energization of the preferred feeder
circuit for preventing the closure of the auxiliary
circult breaker prior to the opening of the
preferred circuit bregker when the interlocking

relay is de-energized by maintaining the ener- °

gizing circult to the auxilizry circuit breaker
open’ and for preventing the closure of the
preferred. circuit  breaker prior to the opening of
the auxiliaty circult breaker when the inter-

locking relay is energized by maintaining the ©

energizing circutt to the preferred circuit breaker
open.

3. In a power control system, in combination, a
first station, a. second station, a direct current
control’ bus connecting the stations, a preferred
circuit’ breaker and an auxiliary circuit breaker
for connecting & preferred feeder circuit and an
auxiliary feeder circuit respectively to a main
power bus, control and signalling means con-

nected to the control bus at the first station and 4

individual to each circuit breaker at the second
station, said signalling means beirig responsive
to different polarities, a control conductor for
connecting each circuit breaker to the corre-
sponding control and signaling means at the first
station, voltage relay means responsive to the
voltage applied to the preferred feeder circuit for
transferring the main power bLus from the
preferred feeder circuit to the auxiliary feeder

circuit on failure of voltage on the preferred !

feeder circuit and for fransferring the main power
bus back to the preferred feeder circuit on re-
turn of voltage to said circuit, interlocking relay
means conneeted to be energized on energization
of the preferred feeder circuit.for preventing the
closure of the auxiliary circuit breaker prior to
the opening of the preferred circuit breaker when
the interlocking relay is de-energized by main-
taining. the energizing. circuit to the auxiliary
circuif. breaker open and for preventing the
closure. of the preferred circuit breaker prior to
the opening of the auxiliary circuit breaker when
the interlocking relay is energized by maintaining
the energizing circuit to. the preferred circuit
breaker open, and control means actuated by the
movement of the circuit breakers for applying
different polarities from the control bus to the
control conductors to actuate the signalling
means at the first station for indicating the posi-
tions of the circuit breakers.
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4, In a power control-system, in combination,
a first station, a second station, a direct cur-
rent control bus connecting the stations, a pre-
ferred circuit breaker and an auxiliary. circuit
breaker for connecting a preferred feeder cir-
cuit- and an auxiliary feeder circuit, respec-
tively, to a main power bus, control and signal-
ling means at the first station connected fo the
control bus and individual to each circuit break-
er at the second station, said signalling means
being responsive to different polarities, a-con-
trol conductor for connecting each circuit break-
er to the corresponding control and signalling
means at the first station, a main control relay
at the second station individual to each circuit
breaker and disposed to be energized over. the
control conductor on operation ‘of the control
means. at the first station, a lockout relay at
the second station individual to each. circuif
breaker and disposed to be energized on oper-
ation of the main control relay for setting up a
closing -circuit for its associated circuit breaker,
said closing circuit being completed on de-en-
ergization -of the main. control relay, control
means actuated by the movement of the circuit
breakers for .applying different polarities from
the’ control bus to the confrol conductors to
actuate the signalling means at the first station
for indicating the: positions of the circuit break-
ers, voltage relay means connected to be.ener-
gized on energization of the preferred feeder cir-
cuit for opening.the preferred circuit breaker
and closing the auxiliary -circuit breaker on
failure of voltage on the feeder circuit and for
opening the auxiliary circuit breaker. and clos-
ing the preferred circuit breaker on return of
voltage to the preferred feeder circuit, an auto-
matic arresting relay at the second station for
preventing the transfer of the main power bus
from the auxiliary feeder circuit-to the pre-

- ferred feeder circuit by opening the energizing

¢ircuit to said voltage relay means, and addi-
tional control means at the first station for in-
itiating ‘the operation of the automatic arrest-

‘ing relay.

5. Th a power control system, in combination,

 a first station, a second station, a direct current

control bus connecting the stations, circuit
breakers at’'the second station for connecting a
preferred feeder circuit and an auxiliary feed-
er circuit to a main power” bus, contro]l and
signalling means .at the first station individual
to each ecircuit- breaker at the second station,
said signalling means being responsive to dif-
ferent polarities, a control conductor for con-
necting each circuit breaker to the correspond-
ing control and signalling means at the first sta-
tion, relay means responsive to the voltage ap-
plied to the preferred feeder circuit for trans-
ferring the main power bus from the preferred
feeder circuit to the auxiliary feeder circuit on
failure of voltage on the former circuit and for
transierring the main power bus back to the pre-
ferred feeder circuit from the auxiliary feeder
circuit on refurn of voltage to the preferred
feeder circuit, control means actuated by the
movement of the circuit breakers for applying
different. polarities from the control bus to the
control conductors to actuate the signalling
means for indicating the positions of the circuit
breakers, and locking relay means at the second
station operable from the first station over the

. control conductor individual to the preferred
feeder circuit for preventing the automatic

transfer of the main power bus to the auxiliary
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feeder cireuit by opening the erergizing: clreuil

to said transfer relay means when the preferred
feeder circuit is opened from the first station: -

6. In a power control systeni, in combination,
a first station, a second station, a direct current
control bus connecting the stations, -circuit
breakers at the second station for connecting a

preferred feeder circuit and an auxiliary feeder:

circuit to a main power bus, control and signal-
ling means at the first station individual to-each
circuit breaker at the second station, said sig-
nalling means being responsive to different po-

larities, a control conducior for connecting each:

circuit breaker to the corresponding control and
signalling means at the first station, relay means
responsive to the voltage applied to the preferred
feeder circuit for transferring the main power
bus from the preferred feeder circuit to .the
auxiliary feeder circuit on -failure of voltage.on
the former circuit and for transferring the main
power bus back to .the preferred feeder ecir-
cuit from the auxiliary feeder circuit on return
of voltage to the preferred feeder circuit, con-
trol means actuated by the movement of the cir-
cuit breakers' for applying  different polarities
from: the control bus to the confrol conductors
to actuate the signalling means for indicating the
positions of the circuit breakers, and locking re-
lay means at the second station operable from
the first station over the control conductor in-
dividual to the auxiliary feeder circuit for pre-
venting the automatic transfer of the main power
bus to the preferred feeder circuit by open-
ing the energizing circuit to said transfer re-
lay means when the auxiliary feeder circuit is
closed from the first station. o ’

7. In a power control system, in combination,
a first station, a second station, a direct current
control bus connecting the stations, a preferred
and an auxiliary circuit breaker at the second
station for respectively connecting a preferred
and an auxiliary feeder circuit to a main power
bus, control means at the first station individual
to each circuit breaker at the second station, &
control conductor connecting each circuit break-
er to the corresponding control means at the first
station, relay means responsive to the voltage
applied to the preferred feeder circuit for trans-
ferring the main power bus from the preferred
feeder circuit to the auxiliary feeder circuit on
failure of voltage on the preferred feeder circuib
and for ‘transferring the main power bus back
to the preferred feeder circuit on return of volit~
age thereto, locking relay means at the second
station operable from the first station over. the
the control conductor individual to the preferred
feeder - circuit for preventing the automatic
transfer of the main power bus to the auxiliary
feeder - circuit by opening the energizing circuit
to said transfer relay means when the preferred
feeder circuit is opened from the first station, and
a second lockinig relay means at the second sta-
tion operable from the first station over the con-
trol conductor individual to the auxiliary feeder
circuit for preventing the automatic transfer of
the main power bus to the preferred feeder cir-
cuit by opening the -energizing circuit to said
transfer relay means when the auxiliary circuit
breaker is closed from the first station.

8. In a power control system, in combination,
a first station, a second station, a direct current
control bus connecting the stations, a preferred
and an auxiliary circuit breaker at the second
station for respectively connecting a preferred
and an auxiliary feeder circuit to a main power
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bus, control means af the first station individual
to each circuit breaker at the second station, a
control conductor connecting each circuit breaker
to the corresponding control mesns at the first
station, relay means responsive to the voltage
applied to the preferred feeder cireuit for trans-
ferring the main power bus from the preferred
Teeder circuit to the auxiliary feeder circuit on
failure of voltage on the preferred feeder circuit
and for transferring the main power bus back
to the preferred feeder circuit on return of voli-
age thereto, and locking relay means at tha sec-
ond station operable from the first stabicn over
the control conductor individual to the je) rred
feeder circuit for preventing the automatic trans-
fer of the main power bus to the auxiliary feeder
circuit by opening the energizing circuit to said
transfer relay means when the preferred feeder
circuit is opened from the first station.

8. In a power control system, in combination,
a first station, a second station, a direct current
control bus connecting the stations, a preferred
and an auxiliary circuit breaker at the second

11

station for respecfively connecting a preferred
and an auxiliary feeder circuit to a main power
bus, control means at the first station individual
to each circuit breaker at the second station, a
control conductor connecting each circuit break-
er to the corresponding control means at the first
station, relay means responsive to the voltage

oplied to the preferred feeder circuit for trans-
ferring the main power bus from the preferred
feeder circuit to the auxiliary feeder circuit on
failure of voltage on the preferred fesder cireuit
and for transferring the main power bus back
to the preferred feeder circuit on return of voli-
age thereto, and locking relay means at the sec-
ond station operable from the first station over
the control conductor individual to the auxiliary
feeder circuit for preventing the automatic trans-
fer of the main power bus to the preferred fesder
circuit by opening the energizing circuit to said
transfer relay means when the auxiliary feeder
circuit is closed from the first station.

STUART C. HENTON.
MELVILLE B. RANKIN.
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