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To all whom 1t may concern:

Be 1t known that I, Wirraar H. Crarxe,
a citizen of the United States, residing at
Chicago, in the county of Cook and State
of lilinois, have invented certain new and
useful Improvements in Systems of Iflec-
trical Distribution, of which the following
1s a specification.

My mvention relates to improvements in
systems of electrical distribution.

One of the objects of my invention is to
provide a system of electrical distribution
wherem the difference of potential between

‘the respective terminals of translating de-

vices, arranged in multiple-arc relation, or

m multiple-series relation in a subsidiary

circult may be maintained substantially
constant, while 1 the main circuit the dif-
ference of potential is widely varied.
Another object of my invention is to pro-
vide a system of electrical distribution,
wherein the results produced by the tend-
ency to momentary variation of the differ-
ence of potential in the subsidiary circuit
serves to effect means to establish and main-

tam practically constant and stable the dif-

ference of potential in such subsidiary cir-
cuit before such variation serves to ma-
terrally affect the translating devices con-
tained in said subsidiary circuit.

Other objects of my invention will be-
come apparent to those persons who are
skilled 1n the art from the description here-
inatter contained, taken in conjunction with
the drawing, wherein,

Figure 1 15 & diagrammatic representation
of the circuits and the regulating means,
and, Fig. 2 1s a modified view showing the
system without the automatic switch for re-
versing the terminals of the resistance coilg
with respect to one of the mains of the cir-
cuit. '

My system of electrical distribution is
especially desirable and advantageous in
connection with the illumination of electric-
ally propelled cars from the circuit from
which current is taken to operate the motors
that propel the cars. In many instances
incandescent lamps have heretofore been
placed 1 series in strings of five or more
and such strings are connected across the
mains of such circuits in multiple-series at
which points the maximum difference of
potential 1s declared. Under such condi-
tions the lamps manifest every change in
potential by frequent disagreeable and un-

tensities and qualities.

desirable variations in the illuminating in-
It sometimes hap-
pens that a lamp in one or more strings, 1n
cars so wired in multiple-series, “blows”
or burns out, thus shutting off the current
from such string or strings, in which event
the entire number of lamps are liable to burn
out 1n rapid succession. Ispecially is this
the case when a current controlling governor

1s used 1n series with the entire group of

lamps. My invention is designed to over-
come these dihculties by controlling and
maintaining substantially constant the dif-
ference of potential of a subsidiary circuit,
which I provide, and in which the incan-

descent lamps may be placed independent

of any variation of the difference of poten-

‘tial that may oceur in the main cireuit from

time to time, without directly controlling
the strength of the current that may be at
any time flowing through said circuit. In
other words, my device 1s not a current con-
troller.

The main line terminals between which the
maximum potential is declaved are indicated
by 54 and 5-—. The lamps are placed in
a subsidiary civcuit comprising terminal
mains 54 and 6—. The differences of
potential may be caused to vary greatly be-
twveen mains 5+ and 5— but the difference
of potential of the subsidiary cireuit, which
1s less than the lowest operative difference of
potential ever existing between main 51
and 5—, and in which the lamps are placed,
1s maintained substantially constant by
means of a potential controlling device,
which I will now proceed to describe.

A 18 a solenoid, wound in a number of
sections, shown in the drawing to be com-
posed oi five sections, ¢!, a% a®, a* and .
When the circuit is complete from wire
7 to wire 8 all of the sections are in series
relation.  When the cireunit is complete
from wire 7 through the coil to wire 9 all of
the sections are in eircuit in series relation
except section «°, which is now not in cir-
cuit, and so on until all of the sections have
been cut out of circuit except section ¢*. The
wires 8, 9, 10, 11 and 12 are connected
to commutator sections 8, 92, 10, 112 192
respectively. A solenoid core 13 is shown
in dotted lines, as having been slightly
Iifted. A commutator 14 composed of
many sections 1s properly connected to a
series of resistance coils 15 comprising a
rheostat. The terminal coils of the rheostat
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are connected by heavy wires 16 and 17 to

contacts 18 and 19 respectively of an auto-
‘matie reversing switch B. The core 13 of

the coil A 1s provided with a stem 20 to
which a double ended collecting brush or
bar 21 1s attached. This brush is designed
to be freely moved over the commutators,
on either side of the stem, by means of the
core 13 and to malke good electrical contact
with the several sections thereof whenever
the core 13 is raised and lowered.

The automatic switch B is composed of a
solenoid coil 22, in series with coill A and
connected to the main 54 by wire 7. A
responsive core 23 carries a cross bar 24 on
its lower end arranged to make electrical
connection with stationary contacts 18 and
19 and contacts 25 and 25”. The latter con-
tacts are joined together and are connected
with the main line 5—. When the armature
23 1s raised electric circuit is completed be-
tween contacts 19 and 25 through contact
bar 24, and when the armature 1s down in
1ts normal position, as when coil 22 is de-
energized, the electric circuit is complete be-
tween contacts 18 and 25 through the bar 24.

The lamps for i1lluminating the car are
shown In seven strings, there being five in a
string; L', L2, L8, I* L indicate the lamps
1n the strings. _

S 1s a switch, of which there is one in each
string, by means of which all of the lamps
In a particular string may be extinguished.

+he use and operation of my system is as
follows: One of the prime objects to be at-
tammed 1s to maintain the difference of po-
tential between the terminals of the several
strings of lamps as nearly uniform as possi-
ble so as to prevent the disagreeable and
frequent change of intensity of light of the
lamps. It therefore Dbecomes necessary to
arrange the lamps, to be properly operated,
at a difference of potential in the subsidiary
circuit below which, in practice, the voltage
never goes 1n the main circuit. IFor the pur-
pose of explanation I will assume arbitrary
values. Suppose that the system is in-
stalled 1n a car having an electric propelling
motor taking current from a circuit of 500
volts, and that 1t 1s desirable to wire the car
tor 35, 50 volt, eight candle power lamps,
each string of lamps would require one half

ampere to properly light the lamps, or 3%

amperes for the seven strings of lamps.
Therefore, 3% amperes would pass between
wires 5+ and 6— at 250 volts difference of
potential, and 3J amperes would pass from
wire 5~ and wire 5— at 500 volts difference
of potential, 250 volts difference of po-
tential being taken up, so to speak, in the
rheostat coils 15. Under such conditions
the system would show 1ts lowest relative
efliciency. Let us again assume that the
loss on the main line had for the time re-
duced the voltage to 300 volts. Then under
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such conditions 3% amperes would pass
through the lamps from wire 5+ to 6—,
and then 250 volts would still be maintained
therebetween, but there would be 50 volts
lost 1 the rheostat resistance owing to the

difference between the voltage in the main

circult {300 volts) and that of the subsidi-
ary circult (250 volts) and under all other

conditions of variations in the main circuit
the controller will operate to maintain the

voltage across the terminals of the strings
of lamps at a practically constant value and
the lamps will continue to burn without
variation of light. Normally one end of
contact bar 21 rests on commutator section
8* retaining all of coil A in circuit. The
other end of the bar rests on the lower com-
mutator section of the rheostat, thereby
placing all of the resistance coils, 15, in cir-
cuit. Contact brush or bar 24 normally
closes circuit between contacts 18 and 25’
When the circuits are completely deéner-
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o1zed these are the positions of the parts.

When the circuit is closed through the sys-
tem the current will flow from main wire
o through the lamps L', L%, inclusive, to
wire 6—, through flexible wire 6” to contact
bar 21, through all of the resistance coils 15,
through wire 16 o contact 18, over bar 24
to contact 25" to wire 5—, completing the
circuit through the rheostat and the lamps
1n series. The branch circuit from wire 54
1s over wire (" through coil 22, over wire 7,
through sections «', ¢*, &°, «* and ¢® of coil
A, through wire 8 to section 8* of the com-
mutator, through bar 21 and the resistance
colls 15 to main line wire 5—. It will be
seen that coil A 1s in parallel circuit with
lamps L*~L° and that 1t is affected by the
same variations in difference of potential.
At or Just before coil 22 is energized the
circuit 1s completed through the lamps and
all of the resistance 15 and the difference of
potential, for this reason, under the condi-
tions mentioned cannot exceed 250 volts.
The armature 13 of the coil A will begin to
rise and cut out some resistance, but almost
immediately armature 23 of coil 22 is lifted
untll connection is made between contacts
19 and 25, thus reversing the direction of
current through resistance 15, then arma-
ture 18 1s tfurther drawn up until sufficient
resistance 15, all of that below the bar 21,
1s cut in series with the lamps to compen-
sate for the difference in the voltage of the
main circuit and the 250 volts, that of the
subsicdiary circuit. Should the voltage of
the main circuit be 500 then the cross bar
21 would rest on the commutator 14 near its
top and on commutator contact 12 and all
or nearly all of the resistance 15 would be
mclucded in circuit with the lamps, and all
of the sections of coil A except section
would be cut out. Should the voltage be-

' tween the wires 5-- and 5— fall to a point
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just slightly above 250 volts, then, under |

such conditions, the armature 13 would fall
until nearly all of the resistance 15 would
be cut out of circuit, and any variation of
voltage in the main circult between the
limits mentioned, would operate to cause
the magnet A to place the contact bar 21 at
such point on the rheostat commutator as to
msert or cut out the proper amount of re-
sistance to correspond with the variation
of voltage in the main circuit. When the
voltage 1n the subsidiary circuit tends to
vary, or betfore its effect can become appar-
ent upon the eye by a manifestation of
change of intensity of light, on account of
the persistence of vision, the magnet A has
felt the change and has eflected an adjust-
ment suflicient to compensate for the varia-
tion. The magnet coils ¢'~¢® of the con-
trotler A, being in the subsidiary ecircuit
with the lamps 1'-17°, are responsive to any
change of potential that may affect said cir-
cuit and operates by the movement of its
core to maintain the difference of potential
1In said circuit constant.

It will be noticed that commutator sec-
tions 9%, 10%, 11* and 12* are gradually in-
creased 1n length accordingly as they arve
situated near the coil. The lower section 82,
the section upon which bar 21 normally
rests, being somewhat longer. The object of
this arrangement is to retain the correspond-
g section a'—a® of the coil A in circuit only

~within certain prescribed limits, corvespond-

ing to the strength of the field in which the
core 1s at the tume located, so as to quickly

“secure a suitable adjustment of the core in

1ts various positions. As the field of force
of the solenoid through which the core 13
passes varies, the commutator sections are
also varied, thereby producing a more uni-
form “pull” upon the core and causing it
to remain 1n the position it has last assumed
until a variation, suflicient to cause it to be
moved to a new position has occurred.

It 1s well known that when the core of an
ordinary air-path solenoid is raised by the
magnetic effect 1n obedience to the energiz-
g solenoid, the attraction or strength of
“pull” 1s not uniform at all points through-
out the extent of the movement or excursion
of the core. In the drawing the core 13 is

shown 1n a position slightly above that in

which 1t exerts the strongest pull (without
consideration of the effect of cutting out the
coll sections). If, as in the ordinary solen-
oid, the core be raised further, the pull will
become weaker, or it will require more cur-
rent to maintain the uniform strength of
pull, and so on until the core could not be
moved any higher by current of infinite
strength, as when 1t arrives at approxi-
mately the center of the coil. In the present
invention 1t is desirable to move the core a

less relative distance at the beginning of the

a

excursion so that it will not be necessary to
materially increase the strength of the cur-
rent and at the same time to have the core
occupy posttions of stable equilibrium. To
this end I provide a sectional solenoid and a
commutator having sections of variable
lengths; the first section being shorter so
that the imposed travel of the core becomes
progressively longer as the core is raised
and the commutator brushes pass over the
commutator sections of gradually increasing
length. When the core moves the commuta-
tor brush over the first section its relative
travel 1s less than when moved over the sec-
ond section, and so on. Positions of stable
equilibrium of the core are thus established
immediately after the secticns are respec-
tively cut out. The result is that the core
will remain in given positions until the elec-
tro-motive-force of the -circuit has again
been materially increased or decreased, as
the case may be, suflicient to initiate move-
ment of the core to another section.

If1g. 2 shows the system without the re-
versing switch, the operation in every re-
spect being the same as that of Fig. 1 with
this exception. TIn the wiring system, with-
out the automatic reversing switch, the
lamps may be subjected to the entire voltage
of the main circuit for an almost impercepti-
ble period of time, which, however, would
be of such short duration as to produce no
material effect.

It 1s evident that if one or more of the
switches S be turned so as to open the cir-
cuit, or circuits, of corvesponding strings of
lamps, or 1f such circuits be opened in any
other manner, thus increasing the resistance
of the subsidiary circuit in a corresponding
degree, that the current flowing in the sub-
sidiary circuit at any time will of course be
mversely proportional to the resistance.
Therefore, 1f the difference of potential of
the subsidiary circuit is maintained con-
stant the said circuit, for this reasocn may be
sald to be mnherently self-regulating and only
current to properly supply the lamps re-
malining 1n circuit will flow at any one time,
and thus one or more strings of lamps may,
at any time, be removed from the circuit
without affecting the brilliancy and steadi-
ness of those remaining in circuit.

Having thus described my invention, what
I claim and desire to secure by Letters Pat-
ent, of the United States 1s: "‘

1. In a system of electrical distribution, a
main circuit and a subsidiary cirveuit, and
means for maintaining a constant potential
1 sald subsidiary circuit comprising a rheo-
stat consisting of a series of sections, a solen-
oid consisting of a series of sections, a
commutator for the resistance sections, a
commutator for the solenoid sections, a core
responsive to energization of the solenoid, a
brush connected to said core for cooéperation
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with both of the commutators, and circuit
connections whereby an increase of energiza-
tion of the solenoid throws resistance in the
subsidiary circuit and cuts out sections of
the solenoid.

2. In a system of electrical distribution
wherein the potential difference of the main
circult varies, a main circuit, a subsidiary
circuit hELVlIlG a group of tra nshtmﬂ devices
connected therem 2 variable resistance in
series with the group of translating devices,
a sectional solenoid permanently connected
i paraliel circuit with the translating de-
vices, and mechanical means whereby saidl
solenoid automatically varies the resistance
and coincidently the number of its coil sec-
tions 1n circuit according to the varying
potential strength of the main circuit in par-
allel with the subsidiary circuit.

3. In a system of electrical distribution, a
main circuit, a subsidiary circuit having

translating devices connected therein in p.f_u-'

allel 1*el*1t1011, a variable resistance in series
with the group of translating devices, a
means for varying the resistance to include
substantially all of the resistance in circuit
when said circmit 1s first energized, and a
means for reversing the dir ectlon of the cur-
rent through said resistance after the circuit
has been enercrizeé

4. In a system of electrical distribution, a
main circult and a subsidiary circuit, trans-
lating devices 1in parallel in the subsmlmry
circult, a variable resistance 1n series in the
subsidiary circuit, a sectional solenoid struc-
ture for varying said resistance, and means
for automatically varying the energized
portion of the solenoid coincidently ith
variation of the resistance.

O. In a system of electrical distribution, a
main circult, a subsicdiary circuit having
translating devices 1in parallel relation, a re-
sistance 1n serles with said subsidiary cir-

cuit, a solenoid coil composed of a series of

coll sections all of which are normally in
sald subsidiary circuit, parallel with said
translating devices, a core for said solenoid,

) commutatc}l to Whlch sald sections are |
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connected, and a brush secured to the core
and assoclated with sald commutator sec-
tions automatically to-throw resistance in
series with said translating devices and cut
out sections of said solenoid.

6. In a system of electrical distribution, a

‘main_circult, a subsidiary circuit hfwmg

translating devices in paralle]l relation, a
resistance prowded with a sectional commu-

tator, in series with said subsidiary circuit, a
solenoid composed of a series of SeCtIOHD, 2
commutator to which said sections are con-
nected 1n regular order, a solenoid core re-
sponsive to said solenoid coil, and a circuit
controller connected to said core cutting said
resistance mnto the circuit cmnmdently with
cutting out the solenoid sections.

7. In a system ot electrical distribution, a
controller comprising a solenoid coil dlwded
into a plurality of sections, a commutator
having a series of sections decreasing in
lencrth in the order of their remoteness from
the coll, said commutator sections and coil
sections connected together respectively in
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the same order, a coacting commutator brush

controlled by the core, for imparting current
to said coil commutator and a rheostat.

8. The combination of a solenoid com-
posed ot a plurality of sections, a core re-
sponsive to energization of the solenoid, a
resistance composed of a plurality of sec-

‘tions, suitable means for varying the num-
ber of said resistance and solenoid sections

to be 1ncluded in circuit associated with the
core for operation thereby, a circuit, suitable
circult connections whereby a constant po-
tential 1s maintained 1m a portion of the cir-
cuit by operation of said solenoid, and elec-
trical means responsive to a predetermined
current for reversing the connection of the
resistance with the circuit.

In testimony whereof I hereunto set my

hand i the presence of two witnesses.

WILLIAM H. CLARKE.

In the presence of—
Forie Barw,

Mary F. ALLEN.
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