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This invention relates to electric power
supply systems and particularly to direct cur-
rent supply systems for electric railways and
is an improvement on the invention shown

6 in the joint copending application of C. E.
Bennett and myself, entitled “Electric power
supply system”, filed May 12th, 1927, Serial

No. 190,866. In the system described in the

aforementioned application, the trolley line
10 is divided into mutually insulated zones or
sections each of which 1s fed by-a separate
feeder.- Some of said zones are of opposite
polarity to others and the potential difference
between zones of opposite polarity is twice
that required by the motors in the electric
railway cars, and the main current return is
through the zone feeders. A small unbal-
anced current sometimes returns to the source
through the track and through a balancing
connection between it and the source.

In the large electric railway systems now
in use, many sources of power are employed
and these are often located at remote points
in the system. The present invention has as
an object the provision of means whereby
some of the sources may be cut out automati-
cally or at will so that only as many sources
will be used- as are necessary to meet the im-
mediate demand, and thus the operating ex-
penses of the system will be cut down, it be-
ing well known that it is more economical to
operate one or two stations at their maximum
output. or nearly at their maximum output
than to operatethree or four stations at some
point. considerably -below - their . maximum
output. v ‘ :

Tt is another object of this invention to
provide a system which will isolate trouble
at any of the stations or at any source of
power so that failure of any station, trolley,
feeder or source of power will not materially
affect. the-system as a whole. G

Another cbject is to provide a system in
which the sources of power and the power
45 distributing apparatus can be separated and

~ located in different stations.

Another object is to provide a positive
and negative polarity feeding system pro-
vided with balancing or equalizing means,
which means will become operative automati-
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cally upon a predetermined degree of un-
balancing of the load and which upon re-
sumption of normal balanced conditions will
automatically become inoperative again.

In the single figure of the drawing I have
shown disgrammatically a system of dis-
tribution of electric power for railways em-
bodying the principles of my invention.

In the drawing I have shown the trolley
wires of a double {rack electric railway which
is divided into various branches A, B, C and
D. The trolley wires of each of these
branches are divided into mutually insulated
sections or zones such as 1-16 inclusive. Sev-
eral of these sections or zones, for example 1, 68
2, 5, 6, are connected,—each through their
own separate feeder, for example, 21; 22, 25,
26,— to the distributing apparatus of a power
supply station M. The other zones or sec-
tions are connected,—each by its individual
feeder,—to distributing apparatus similar to
that just mentioned, but in different stations,
for example N, P, Q, located at different
places in the railway system.

Each - distributing apparatus consists of
positive and negative station bus bars @, b, to
which are connected the opposed stationary
posts of single pole double throw switches s
whose switch blades are connected to the feed-
ers. Thus by merely throwing a switch the
polarity of the current in a given zone may
be reversed without affecting the polarity of
the remaining zones. The potential differ-:
ence betwen these bus bars is twice the poten-
tial rating of the trolley car motors so that,
normally, current delivered to one section
runs from the trolley wire down through the
car-to the trolley track and through it to the
car on the nearest section which is being fed
with current of opposite polarity. Thence
the current normally returns to- the source
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‘through the second mentioned car, its trolley

line, and its feeder. ) :

It will be noted that in each of the stations
M and P there is, in addition to the distribut- %
ing apparatus, a source of electric current con-
sisting of two direct current generators—
such as 30, 31, and 32, 33—which generate
current at the rated potential of the trolley
motors and which are connected together and
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indirectly to the bus bars @, b, of those sta-
tions.

In case the cars are bunched at one spot on
the system or the load is unequally divided,
I provide connections 34, 35, whereby the un-
balanced current may return to the source or
equalizing current may be fed to the system.
These equalizing connections (34, 35) run
from the mneutral point between the station
generators 30, 31, or 32, 33, to the track.

A system similar to that just described is
shown, described and claimed in the joint ap-
plication Serial No. 190,866 hereinbefore
mentioned, and is not claimed in the present
application.

It will be noted from the drawing of my
present invention that I employ positive and
negative ring bus feeders 40, 41 which may
entirely or partially surround or loop through
the system and which are connected to the
station bus bars of the various stations which
T may employ, as herein described. By rea-
son of this ring bus construction great flexi-
bility of operation is given to the system and
many advantages result.

One of these advantages is that the dis-
tributing apparatus and the source of power
need not be located in the same station but
they may be separated. Thus if it is found
desirable to locate the distributing apparatus
at a point in the system whereby reason of
prohibitive property values orvestrictiveland
covenants or the noise made by a power sta-
tion it may be impossible to locate a power
supply station, then the source of power can
be located some distance away from and re-
gardless of the location of the distributing
apparatus. In an arrangement of that sort
the station bus bars, a, b, of a station which
contains distributing apparatus only—for
example station N,—will be connected to the
ring busses 40, 41, and thus thezones whichare
controlled threugh station W may be fed cur-
vent from the ring bus feeders. The station
bus bars ¢, d, of a power station, such as O,
will be connected to the ring bus fesders in
order to feed curvent to the system as'a whole,
without restriction as to what sections of the
system the current will ultimately reach and
supply. ,

Because all the bus bars of the power sup-
ply and distribution stations are connected
to the ring bus another advantage of the sys-
tem develops, namely, one or more stations
will suffice to supply current to the whole
system during periods of light demand. The
distributing apparatus of all the stations will
always be used but the number of power units
which need operate depends only on the de-
mand. Thus the pieces of apparatus which
operate at a given time will usually be op-
erating somewhere near their full rating and
hence they will be operating near their best
efficiency.

For the purpose of disconnecting the power
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supply equipment from the ring buses, I pro-
vide suitable switches, 5, in the leads between
the generators and the ring buses. These
switches and the single pole feeder switches
s, although shown diagrammatically as hand
operated, may be automatically operated
from a master switch board (not shown) ina
system control station (not shown) located
wherever desired in the system, so that a load
despatcher can control the whole system from
one point.

As hereinbefore. described the stations M
and P have equslizing connections 34, 35 to
the car tracks as in the system described in
the aforementioned copending application.
But in the present invention the equalizing
or balancing connections may be normally
open and the circuit through them only com-
pleted upon the occurrence of a predeter-
mined amount of unbalancing. When this
predetermined condition arises the circuit
through the balancing connection is auto-
matically closed by the closing of the normal-
Iy epen switches 86, 87 which are inserted in
the balancing connections 34, 35 respectively.
These switches may be operated in several
ways only two of which are shown.

Switch 36 has its blade arm pivotally con-
nected to the armature of an electromagnet
whose solenoid is in an auxiliary circuit in-
cluding the generators 80, 81 and controlled
by a differential relay whose coils ¢* and d*
are shunted around low resistance »* and 7*
which are in the main power leads from the
generators 80, 31 to the ring buses 40, 41.
Thus when there is an uneven demand for
positive and negative current, the relay will
operate to close the circuit through the elec-
remagnet which in turn will close the switch
86 in the equalizing circuit and therefore the
equalizing connection can function to balance
the uneven demand.

Switch 87 is shown as controlled by an elec-
tromagnet having a solenoid composed of an
operating coil ¢’ and a series current coil ¢?,
the operating coil acting to close the switch
when the current through it exceeds a prede-
termined amount and the series current coil
acting to hold the switch closed until the
current through it reaches a predetermined
minimum. These coils are connected as fol-
lows.. The operating coil ¢’ is shunted di-
rectly across the equalizing switch 87 so as to
be short circuited by that switch when it is
closed. The series current coil ¢® is con-
nected in series with the switch 37. The con-
struction of these coils may be calculated ac-
cording to well known formulas so that the
coils will cause opening and closing of the
equalizing or balancing circuit when desired.
Since both coils ¢* and ¢? are in a continuous-
1y closed circuit from the neutral point be-
tween the generators to the track,—to wit, in
the equalizing connection,—any unbalancing
is reflected in them causing, when a prede-
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termined degree of unbalancing occurs, clos-
ing of the switch 87, thus short-circuiting coil
¢, and thereby allowing the unbalanced cur-
rent to flow freely through the equalizing
connection 35. o

Although the balancing or equalizing
means just described in satisfactory and ef-
fective, it is not essential to the operation of
my system. Ins.ead, other balancing means
may be provided as hereinafter described.

Tt will be noted that stations Q and O do
not have any balancing connections. Station
Q consists of two generators 50, 51 connect-
ed in parallel and delivering current to the
ring buses 40, 41. These two generators gen-
erate power at twice the potential of the gen-
erators 80—33. Current is fed to the zone
feeders 9, 10, 13, 14 through the stations’ dis-
tributing apparatus which is like that in sta-
tions M, N, and P, already described. The
station O, as already mentioned, has no dis-
tributing apparatus, the distribution of cur-
rent to zones 8, 4, 7-and 8 being accomplished
through distribution station N.  The station
O is a mercury arc rectifier station and the
power generated therein is delivered directly
to the ring buses 40, 41. A disconnecting
¢witch S, may be provided to cut-off sta-
tion O from the ring buses when the power
from that station is not needed or wanted.
If desired this switch- may be remotely con-
trolled from a load dispafcher’s station (not
shown).

£ under some conditions it is desired to’

cut-out the power portions of stations M
and P then it is desirable to have oher bal-
ancing means than those described in con-

nection with stations M and P. T, therefore,

provide stations R and T, which llustrate
two types of balancing means separate from
the main source of power. Station R con-
tains simply a storage battery which floats
across the ring buses and has a counnection
made from its mid-potential point, or there-
about, to the car tracks. When the load on
the positive feeder is greater than on the
negative or vice versa current flows from the
positive pole of the storage battery or vice
versa out on the system to take cave of the
oxtra’ demand. The connection from the
track to the mid-potential point of the bat-
tery is an equalizing connection and it func-
tions like the connections, 34, 35, but is.a
closed connection. : ’

Station T contains a synchronous rotary
converter 48 which delivers current to the
ring buses, 40, 41. This converter need not
necessarily be connected to a source of alter-
nating current, but may float as a motor, on
the ring buses: An equalizing connection
49 may be taken from the centre of the three
phase star winding of the synchronous con-
verter or transformer bank. The function
of this station like station R, is to balance
the system when the load becomes unequal

3

on the positive and negative feeders. The
equalizing connection functions in a man-
ner similar to the balancing connections al-
ready described. § _
Although I have shown and described two
ways to automatically complete the balancing
or equalizing circuit to a main source of pow-
er, and two kinds of balancing stations, and
power stations associated with distribution
apparatus and a power station not having
distribution apparatus, and power stations
having no balancing or equalizing connec-

tion, it should not be inferred that my system

is limited to the arrangement shown or to
the specific types. of balancing means or
sources of power. I have shown different
types to bring out the flexibility of my sys-
tem and the variations which are possible in
the type and placing of the apparatus used.
Thus the types shown are alternative but they
can be used conjointly as shown, to advan-
tage, if desired. It should be noted that the
flexibility and the ease with which my system
:an be- controlled is largely due to the use
of the ring buses.

The present invention differs in operation
from the invention described in the afore-
mentioned copending application in that the
main current return in the present system is
not always mainly through the negative zone
feeders but it may under some conditions take
numerous other paths, including ring bus
feeders and equalizing connections. When
the system is in balance the main current re-
turn will not be through the balancing con-
nections but will be through the ring bus
feeders and the zone feeders.

Tn operation, under light load it may be de-
sired to use the power supply of only one or
two stations, for example, station M may be
sufficient. In that case current will be fed
to the ring buses from which it will go to
station bus bars @ and 0 and from there it
will go out to the feeders 21, 22, 25, 26 to
zones 1, 2, 5, 6. The ring buses will conduct
the current to the distribution station N and
to the distribution apparatus in stations P
and Q, the station bus bars of which are con-
nected to the ring buses as hereinbefore de-
scribed.  From the distribution apparatus
all the zones of the trolley line branches are
fed by their own feeders as previously de-

seribed. Thus it'will be seen that the control

of the polarity of the zones is always in the
switches s and so long as current is fed to
the ring buses that current can be transmit-
ted to 21l the zones through the switches s.
When stafion M or station P or both are
operating no balancing station is needed since

stations M and P are each supplied with

means to automatically establish an equaliz-
ing circuit upon the occurrence of a prede-

termined amount of unbalancing in the sys-

tem.
When station O'or station Q or both of
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them are operating as the source of power,
the power supply of stations M and P being
cut out, it is desirable to use one or both of
the balancing stations R and T to supply
current to balance the system when the de-
mand on the positive and negative feeders
becomes noticeably unequal. It is advanta-
geous to have the stations M, P, R, and T lo-
cated at separated points in the system, for
by so doing when the system becomes umn-
balanced by reason of an extra heavy de-
mand at some point the balancing means near-
est that point will operate to balance up the
system, thus saving copper loss in transmis-
ston and tending to maintain the status of the
rest of the system. Inthis way the automatic
equalizing connections tend to localize the
unbalancing. The equalizing connections 34,
35 also are useful when one or more of the
balancing stations fail to operate.

It should be noted that in the system as
described that the current values in the posi-
tive and negative ring bus feeders at a given
point may differ widely, since each feeder is
to & major extent independent of the other.
It has been found in actual use where a 1o-
tary converter was used as a source of power,
with the neutral point of its transformer bank
connected to the track and its D. C. poles con-
nected to the ring buses that twice full lcad
current was delivered from one pole while
no power at all issued freio the other. Thus
it will he seen that my system differs radi-
eally from single polarity feeding systems
and pricr deouble polarity feeding systems.

Of course, it is obvious that after the sys-
tem has been balanced under operating condi-

tions all the switches may be replaced by -

permanent connections, though in normal
electric railway operation, it is desirable to
retain the switches to insure the desired flex-
ibility of the positive and negative system and
in order to isolate instantaneously any section
or zone on which a fault occurs.

It should alsc be noted that by manipulat-
ing the switches s so that all the trolley wire
sections are positive or all are negative the
system may be converted quickly into a single
polarity feeding system using either the posi-
tive or the negative ring bus as the main
feeder. ¥t should further be noted that
should the system become continually unbal-
anced on a certain section, the polarity of
that section can be changed by merely throw-
ing the switch s which controls it.

Moany medifications within the scope of my
invention will occur to those skilled in the
art therefore I do not limit mysélf to the spe-
cific embodiment shown.

T claim:

1. In an electric rallway system a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
a plurality of main soturces of power, each
normally feeding certain of said zones, and

1,795,242

positive and negative power supply mains
connecting all said sources and adapted to
feed current to any or all of said zones at
will.

2. In an electric railway system a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
a plurality of main sources of power, each
normally feeding certain of said zones, and
positive and negative power supply mains
connecting all said sources and adapted to

feed current to any or all of said zones at

will, some of said zones being connected to
the positive main and some to the negative
main. :

3. In an electric railway system a plural-
ity of trolley wires divided into mutunally
insulated zones, tracks associated therewith,
a plurality of main sources of power, each
normally feeding certain of said zones, and
positive and negative power supply mains
connecting all said sources and adapted to
feed current to any or all of said zones at
will, and means to cut out any of said sources
at will.

4, In an electric railway system a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
a plurality of main sources of power, each
normally feeding certain of said zones, and
positive and negative power supply mains
connecting all said sources and adapted to
feed current to any or all of said zones at
will, some of said zones being connected to
the positive main and some to the negative
main, and means to cut out any of said
sources at will.

5. In an electric railway system a plural-
ity of trolley wires divided into mutnally
insulated zones, tracks associated therewith,
a plurality of main sources of power, positive
and negative supply mains connecting all
said sources and feeding said zones, some of
said zones being connected to the positive
main and some to the negative, and a nor-
mally open balancing connection from cer-
tain of said main sources to track.

6. In an electric railway system, a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
a plurality of main sources of power, posi-
tive and negative supply mains connecting
all said sources and feeding said zones, some
of said zones being connected to the positive
main and some to the negative, and a nor-
mally open balancing connection from cer-
tain of said main sources to track, and means
in said balancing connections to close auto-
matically the circuit through said conneec-
tlons upon the occurrence of a predetermined
degree of difference in demand upen the
positive and negative mains.

7. In an electric railway system, a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
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a plurality of main sources of -power each
normally feeding certain of said zones, posi-
tive and negative power supply mains -con-

_ necting said sources and adapted to feed cur-
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rent to any or all of said zones at will, some
of said zones being connected to the posi-
tive main and some to the negative main, and
balancing means connected to said supply
mains and having balancing connection to
track.

8. In an electric railway system, a plural-
ity of trolley wires divided into mutuaily
insulated zones, tracks associated therewith,
a plurality of main sources of power each nor-
mally feeding certain of said zones, posi-
tive and negative power supply mains con-
necting said sources and adapted to feed cur-
rent to any or all of said zones at will, some
of said zones being connected to the positive
main and some to the negative main, a plu-
rality of independently operable balancing
means connected to sald supply mains and
having balancing connection to the tracks.

9. In an electric railway system, a plural-
ity of trolley wires divided into mutually
insulated zones, tracks associated therewith,
a plurality of main sources of power each nor-
mally feeding certain of said zones, positive
and negative power supply mains connecting
said sources and adapted to feed current to
any or all of said zones at will, some of said
zones being connected to the positive main
and some to the negative main, & plurality

of independently operable balancing means

connected to said supply mains and having
balancing connection to the tracks, and
means to cub out at will any of said main
sources or said balancing means. :

10. In an electric railway system, a plural-
ity of trolley wires divided into mutually in-
sulated zones, tracks associated therewith, a
plurality of main sources of power located at
separated points in said system, and each
normally feeding certain of said zones, posi-
tive and negative ring bus feeders connecting
said main supply sources and adapted to feed
current to any or all of said zones at wiil,
means to reverse the polarity of any zone ab
will. ‘

11. In an electric railway system, a plural-
ity of trolley wires divided into mutually in-
sulated zones, tracks associated therewith, a
plurality of main sources of power located at
separated points in said system, and each nor-

- mally feeding certain of said zones, positive

and negative ring bus feeders connecting said
main supply sources and adapted to feed cur-
rent to any or all of said zones at will, means
to reverse the polarity of any zone at will,
balancing means connected to said ring bus
feeders and having a balancing connection to

the tracks.
192. In an electric railway system, a plural-

ity of trolley wires divided into 1 utually in-

sulated zones, tracks associated therewith, a

‘of negative polarity.

5

plurality of main sources of power located: at
separated points in said system, and each
normally feeding certain of said zones, posi-
tive and negative ring bus feeders connecting
said main supply sources and adapted to feed
current to any or all of said zones at will,
means to reverse the polarity of any zone at
will, balancing means connected to said ring
bus feeders and having a balancing connec-
tion to the tracks, and means to cut out at
will any of said main sources of supply.

18. Tn an electric railway system, a plural-
ity of trolley wires divided into mutually in-
sulated zones, tracks associated therewith, a
plurality of main sources of power located
at separated points in said system, and each
normally feeding certain of said zones, posi-
tive and negative ring bus feeders connect-
ing said main supply sources and adapted to
fead current to any or all of said zones at
will, means to reverse the polarity of any
zone at will, balancing means connected to
said ring bus feeders and having a balance-
ing connection to the tracks, and means to cut
out at will any of said main sources of sup-
ply and means to cut out at will certain of
said balancing means. :

14. In an electric railway system, a plural-
ity of trolley wires divided into mutually In-
sulated zones, tracks cooperating therewith,
a plurality of stations, some of said stations
being sources of power stations only, other
of said stations being distributing stations
only, positive and negative ring bus feeders
connecting all said stations and being adapt-
ed to feed positive and negative current to
said zones through said distributing stations,
whereby some of said zones will be of posi-
tive polarity and other of said zones will be

15. In an electric railway system, a plu-
rality of trolley wires divided into mutually
insulated zones, tracks cooperating there-
with, a plurality of stations, some of said sta-
tions being sources of power stations only,
other of said stations being distributing sta-
tions only, positive and negative ring bus
feeders connecting all said stations and be-

‘ing adapted to feed positive and negative
current to said zones through said distribut--

ing stations, whereby some of said zones will
be of positive polarity and other of said zones
will be of negative polarity, and other of said
stations being both distributing stations and
sources of power: :

16. In an electric railway system, a plural-
ity of trolley wires divided into mutuaily
insulated zones, tracks cooperating there-

with, a plurality of stations, some of said sta-

tions being sources of power stations only,
positive and negative ring bus feeders con-
necting all said stations and being adapted
to feed positive and negative current to said
zones through said distributing stations,
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whereby some of said zones will be of posi-
tive polarity and other of said zones will be
of negative polarity, and other of said sta-
tions being both distributing stations and
sources of power.

In testimony whereof, I have signed my
name to this specification.

CHARLES G. ADSIT.



