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To all whom it may concern:

Be it known that I, MARMADUKE M. M.
SLATTERY, a citizen of Great Britain, residing
_at Fort Wayne, in the county of Allen,in the

5 State of In iiana, have invented certain new
“and useful Improvementsin a System of Klec-
trie Distribution; and I do hereby declare
that the following is a full, clear, and exact
description of the invention, which will enable

1o others skilled in the art to which it appertains
to make and use the same, reference being had
to thé accompanying drawing, which forms
part of this specification. .

My invention is of a system for the distribu-

15 tion of electricity for industrial and economi-
cal uses, with special adaptation to incandes-
cent lighting, though it may be applied to
other purposes also; butfor simplicity I shall
in this specification describe its application to

20 incandescentlighting only. Iemploy forthis
purpose a dynamo-electric machine generat-
ing an alternating current, a number of in-
duction-coils or converters organized to trans-
form the current in the main line at the points

25 of consumption from high potential,and rela-
tively small quantity to one of low potential
and relatively large quantity, with incandes-
cent lamps or other translating devices in the
secondary circuits of the converters.

30 . In the annexed drawing I have shown by
conventional symbols the arrangement and re-
lations of the parts of my system.

D is a dynamo-electric machine of any suit-
able construction generating an alternating

35 current.

Eisa continuous current dyngmo-machine
of any suitable construction, the current from
which is employed to magnetize the field-mag-
nets of the dynamo D. '

40 (¢ C*C? Careinduction-coils or converters,

and I’ L2 L2 L! groups of incandescent lamps
in their secondary circuits.
P is a pressure-indieator. :
The cardinal points embraced in my inven-
45 tion ave, first, the generation of a main alter-
nating eurrent of high potential, which can be
fransmitted by wires of comparatively small
size; second, the conversion of that current
into currents of lower potential and larger
5o quantity at the points where the electric en-

Serial No, 269,750, (No model.)

ergy is to be utilized; third, the largest econ-
omy in the process of counversion; fourth, an
automatic distribution of the current among
the lamps and an automatic regulation of the
lamps among themselves, so that the operation 55
of each shall be unaffected by the lighting or
extinguishing of the others, and, fifth, auto-
matic adjustment of the load upon the dy-
namo, so that the work to be done by it and the
energy expended by the engine which drives 6o
the dynamo-shall at- all times be approxi-
mately proportional to the number of lamps
burning.

The current generated by the dynamo D may
be of as high potential asdesired; but, taking 65
considerationsof safety and economy together,

I prefer to use a dynamo having a normal po-
tential of a thousand volts at its poles and to
maintain that pressure constantduring the op-
eration of the apparatus. Two main conduct- 70
ors, 1 and 2, convey the current to and from
the dynamo, and between these the converters

7, C*, C3, and C* are placed in multiple are, as
shown in the drawing. The eircuits through
the primary coils of the convertersremain con- 75
stantly closed.

T have shown the converters in the drawing
symbolically with ring-cores and double as
many turns of wiréin the primary asin thesec-
ondary. But the shape of the core is imma- 3o
terial. It may be in the form of a cylinder,
horseshoe, rectangle, or otherwise. Butthere
are certain principles of construction which
must be adhered to in the proportioning of
parts in the converter which are material, and 8g
which I will now state. It isunecessary,in the
first place, that the amountof iron in the eore
shall be such relatively to the strength of the
current to be employed that it shall remain
far below the point of magnetic ‘saturation go
during the working of the apparatus. This
point of construction is important for two rea-
sons: First, the greatesteconomy of conversion
is obtained when the rise and fall of magnet-
ism in the core is proportional, as nearly as 95
possible, to the rise and fall of the current in
the primary coil, and this condition is attain-
able only by keeping the core far below the
saturation-point, and, seeond, the same condi-
tion securesthelargestpossibledevelopmentof 100
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Itisimpossible to state an exact relation be-
tween the weight of the core and the strength
of the current; but I have obtained the best
results by using about two pounds of iron for
every ampére of current in the secondary cir-
cuit. Thus, in constructing a converter de-
signed to supply twenty incandescent lamps
with one ampére of current each,Iuse a core
weighing about forty pounds.

In converter ¢/, I have shown, as an exam-
ple of all, the cross-wires 3 and 4, leading
from the main conductors 1 and 2 to its pri-
mary coil p, its core ¢, its secondary eoil s, the
secondary conductors 9 and 10, and the lamps
L’ arranged in multiple arc between the sec-
ondary conductors. The lamps are extin-
guished by cutting them out of the circuit
without introducing any resistance in the
placeof them. In the construction of the coils
p and s the following principles are to be ob-
served: The first thing to be determined is
the number of turns of wire which shall be
used in the primary coil. This should be so
many that with the mass of iron to be used,
and the current and potential for which the
converter is designed supplied by the dy-
namo with which it is to be operated, the pri-

mary pressure and counter-pressure in the

primary coil shall be equal. In this condition

an ammeter will show no current whatever in:
the circuit of the primary when the secondary
circuit is open. - This requires a special adap-
tation of the converter to the dynamo with
which it is to be used; and a convenient way
of securing that adaptation is the following:

Having determined the size and shape of the
core, first wind upon it for the primary coil-
as many turns of wire as may be thought suffi-
cient, Then place the converter in the cir-
cuit just- as it i3 to be used in practice, with

the same dynamo with whieh it is to be oper-
ated and with no seeondary coil on it, (or if
any be present it must be electrically open,)

and place an ammeter in the eircuit of the
primary ecil. 'If any ecurrent is shown' by
the instrument, the coil is either too long or
too short. By adding to or subtracting from
its length a point will be found at which the
ammeter will not detect the presence of any
current in the primary, notwithstanding the
dynamo is operating at its full normal speed
and with full normal .excitation of its field.
This indicates the proper length of the pri-
mary coil. ~ .

I have found in my experiments that.the
length thus ascertained is'such that the eoeffi-
cient of induction obtained in the primary of
the converter. corresponds with substantial

- exactness to that obtained from the armature

65

of the dynamo supplying it, provided the ar-
mature-coils and the primary coil of the con-
verter are subjected to equally effective-mag-
netic induction. The true principles of con-
struction may therefore be comprehensively

MU AR LD UL CIRLIDU L LUMUCWLYC 101aul01 POS-
sibleto the magnetic field, and,second, the con-

‘verter shounld he so constructed that its pri-

mary coil shall be in an equally-efficient in-
ductive relation to-its magnetic field. When
these conditions areperfectly attained, it will

“be found that with equal lengths of wire sub-

Ject tomagneticinduction on the armature of
the dynamo and in the primary coil of the con-
verter. the electrical pressure and counter-
pressure in the primary of the converter will
be equal when the secondary is open; but no
rule can be given for the perfect attainment
of these conditions. In every armature and
converter - coil there is some wire which is
more or-less idle, and the conditions which
affect the e Ticiency of magnetic induction are
complicated, so that the best praetical direc-
tion which.1 can give for the application of
my invention is to adopt, first, such form of
construction, both in the dynamo and con-
verter, as will give the greatest possible effi-
eiency of magnetic induction and then secure
equality-of electrical pressure and eounter-
pressure in the primary coil of the tonverter
by suitable adjustment of its length, in the
manner which T have described; but those
features of construction by. which the most
effective magnetic induction is obtained are.
not .material to my present invention. Al-
though the apparatus may be in that respect
far below the highest standard of perfection,
the adaptation of the dynamo and the convert-
ers to each other in the manner and upon the
principle which I have described will pro-
duce the results which I have stated, only
with less economy of construction and opera-
tion. Having by this means determined the
length of the primary coil, the secondary is
adapted to itinsuch a manner as tosecure the
desired reduetion of potential, according to
the well-known law affecting the operation of
induction -coils.” For the purpose of incan-
descent lighting I have found it convenientin
practive to reduce the potential at a rate of
twenty to one. In such case I .construect a
converter so that the length of wire exposed
to effective magnetic induetion in the second-
ary shall be one-twentieth thelength of thatin
the primary. Thesize of the wire in the two
coils will be adapted to the quantity of the
current to be used, according to well-known
rules of electrical engineering.

It would be quite consistent with the theo-
retical principles of my invention to construct
the converter first and then adapt the length
of the armature-coils to the converter, so as to
secure an equality of pressure and counter-
pressure in the primary coil of the converter
with its secondary circuit open, and then pro-
portion the other parts of the dynamo to the
armature-coils thus determined; but it is ob-
vious that such a method would be too ineon-
venient in practice to justify its use. .

It is not to be understood that the process

75

8o

85

g0

100

105

I10

115

125

130




10

15

20

25

30

35

40

45

50

55

6o

65

- 386,938 ' 3

of experimental adaptation of the converter
to the dynamo here detailed is to be repeated
in the construction of every converter. Hav-
ing once ascertained by the methods here de-
scribed the proper proportions of the parts in
a dynamo and one set of converters to be op-
erated together, that apparatus becomes a
pattern for unlimited future manufacture.
The operation of .the apparatus of the sys-
ten is as follows: First, the potential in the
main lineé is kept constant at the point taken
as the normal pressure of the system, that be-
ing preferably, as I have said, one thousand
volts. In the normal operation of the appa-
ratus there will be found to be but little va-
riation from this, and, consequently, rare need
of any considerable regulation of the dy-
namo; but for such regulation as may be re-
quired the most convenient means is to vary
the strength of the field in the dynamo D by
increase or diminution of the strength of the
current from the exciter E. "This may be ac
complished by the use of ashunt-wound field
and . variable resistance in the circuit of
the exciter or by any other method. The
pressure-indicator P, placed across the poles
of the dynamo by the conductors 7 and 8,
shows the potential in the line, and it is the
duty of the attendant to regulate the dynamo
by it. The amount of current taken from the
main conductors by each converter will be
proportional to the work done by its secondary
under full load, and the distribution caleula-
tions are all made with reference.to this con-
dition. ‘When the apparatusis put in opera-
tion with all its lamps burning, the current is
distributed among them equally by équalized
resistance, as in the case of a system of light-
ing by direct currents. It iswhen partof the
lamps are extinguished from time to time,
here and there, as the convenience of users
may require, that the particularsuperiority of
my system appears in its perfect self-regula-
tion, both of the distribution of the current
among the lamps that remain and of the load
on the dynamo, and this is brought about in
this way: The primary coil of the converter
operates to produce by induction a certain
phase of magnetism orsuccession of magnetic
impalses in its core, and by these a current is
indueced in the secondary coil.. The current
in thesecondary coil thusinduced reacts upon
the core, and inducesin it a phaseof magnet-
ism, or suceession -of magnetic impulses ex-
actly contrary to thoseinduced by the primary
coil, so that in etfect the primary current acts
as a magnetizing and the secondary current
as a demagnetizing influence upon the core.
With the parts of the apparatus properly
proportioned, and all the lights in the sec-
ondary burning, these antagonizing influ-
ences upon the core are approximately equal.
Upon the cutting out of a lamp in the sec-
ondary the resistance of the secondary circuit
is increased and its current diminished. This
diminution of current diminishes the demag-
netizing power of the secondary, and as one

lamp after another is cut 6ut. the demagnet-
izing power of the secondary continues to de-
crease until, when all the lamps are cut out

netizing powerisnil. As this process goeson,
the magnetism of the. core due to induection
from the primary eoil reappears with in-
creasing intensity, and with it appears a pro-
portionally-increasing counter electro-motive
force in the primary coil, so that when all the
lampsin the secondary havebeen cut out the
counter-pressure in the primary is equal to
the primary pressure. - The apparent effect
of this is to diminish the current proportion-
ally not only in the primary coil of the con-
verter and in the cross-wires that lead to if,

o
and the secondary circhit open, its. demag-
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but in the main -line as well at all points be- .

tween the intersections of the conductors of
that converter and the dynamo. Atthe same
time the strength of the current in the other
converters of the system and the operation of
the lamps in their secondaries remain sub-
stantially unaffected. The effect of this ap-
parent reduction of current strength is to re-
duce in approximate proportion the load on
the dynamo and on the engine that drives it.

 is not fundamental to my invention to ac-
count for this mysterious action of counter
electro-motive force; but the explanation of
it, which, as T believe, accords most nearly
with the observed results, is this: that the
core of the converter is, in a true sense, a
generator of electricity, and as it passes from
one magnetic state to the opposite, under the
inductive influence of the primary current,
generatesareturn-currentin the primary wire,
which flows back to the dynamo. This return-
current is of the same potential as the prinei-
pal current, and may beequal to it in quantity,
less only theloss in transformation. Tt iscon-
trary tothe principal current in its phase, and
upon its retwrn to the dynamo déemagnetizes
the armature to the extent of its strength, just
as the secondary current of the converter de-
magnetizes the core to the extent of its
strength, By this means it diminishes the
load of adynamo proportionally toitsstren gth.
Thereis therefore an individual relationship
and sympathy between each lamp and the dy-
namo. Aslong as it burns, it consumes its
due share of the eurrent. When itis cut out,
a return-carrent is set up from the primary of
its converter o the dynamo, which demag-
netizes the armavure and lightens the load of
the machine.

I do not in this application claim, broadly,
the combination of an alternating-current dy-
namo and converters organized to transform
the current in the main line from high tension
to currents of lower tension and greater quan-
tity in the secondary circuits conhected with
the main conductors. in multiple are and lo-
cated at the points of consumption, with trans-

lating devices in the secondary cireuits, but:

reserve that subject for another application.
In thisapplication I donotclaim the method
of transforming, subdividing, and distributin g
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electricity herein involved, having made sep-

arate application for such method by a divis-
jon of this application. :

I claim— .

1. In a system of electrical distribution and
in combination, an alternating-current dy-
namo, and converters electrically connected
with the main-line conductors in multiple are
and organized to transform the current in the
main conductors into currents of less potential
and greater quantity in the secondaries, éach
convertermade with a primary coil containing
such length of wire'exposed to magneto-elec-
tric induction that when operated by the dy-
namo with which it is to be used with its sec-
ondary cireuit open the electrical pressure

"~ and ecounter-préssure in ils primary circuit

20

shall be equal, with_incandescent lamps or
other translating devices in the secondary cir-
cuits, substantially as and for the purposes set
forth.

2. In a system of electrical distribution and

"~ in combination, an alternating-current dy-
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namo, and converters organized to transform
the current in the main conduectors into cur-

rents of less potential and greater quantity in.

thesecondaries electrically connected with the
main conductors in multiple are, the dynamo
and the converters of the system so adjusted
to each other by mutual adaptation of their
magnetic fields and the lengths of wire upon
the armature of the dynamo and the primary
coils of the converters, respeetively, that, when

supplied with the full normal current of the
‘dynamo, the secondary circuits of the con-

verters being open, the electrical pressure and
counter - pressure in their primary eircuits
shall be equal, with incandescent 'lamps or
other translating devices in the secondary cir-
cuits,substantially as and for the purposes set
forth. '

3. In a system of electrical distribution and
in combination, an altérnating-elirrent dy-
namo, and converterg organized to transform

the current in the main-line conductors into.

currents of less potential and greater quantity
in their secondaries and electrically connected
with the main conductors in multiple are, each
converter containing. in its primary -coil a

length of wire exposed to effective magnetic:

induction substantially-equal to the electrical
or eircuit length of wire exposed to like effect-
ive magnetic.induction upon the armature
of the dynamo operating the system, with in-
candescent lamps or other translating devices
.in the secondary circuits, substantially as and
for the purposes set forth.

-+ 4. Inasystem of electrical distribution and
in combination, an alternating-current dy-
namo, and converters organized to transform
the current generated by the dynamo into cur-
rents of less potential and greater quantity at
ornear the points of consumption, electrically
connected with the main-line conductors in
multiple arc and having their primary cir-
cuitsconstantly closed,each converteradapted

to the dynamo-eperating the system by mak-
ing its primary coil of such length that when
supplied with its full proportionate share of
the entire normal current of the machine, its
secondary circuit being open, the electrical
pressure and counter-pressure in its primary
cireuit shall be equal, with translating devices
in the secondary circuits of the converters to

‘be cut out of the circuit when not in usé with-

out the introduction of ‘any resistance in the
place of them, substantially as and. for the
purposes set forth.

5. In a system of electrical distribution and
in combination, an alternating-current dy-
namo, and eonverters organized to transform
the eurrent generated by the dynamo into cur-
rents of less potential and greater quantity at
or near the points of consumption, electrically
connected with the main-line conductors in
multiple arc and having their primary ecir-
cuits constantly closed and their secondary
circuits constantly open, except when and as
closed through translating devices at work,
each converter containing a. soft-iron core
weighing substantially two pounds for each
ampere or current normally produced in its
secondary circuit, and adapted to the-dynama
operating the system by making its primary
coil of such length that when supplied with
its full proportionate share of the entire nor-
mal current of the machine, its secondary cir-
cuit being open, the electrical pressure and

counter-pressure in its primary circuit shall

be equal, with incandescent lamps or other
translating devices in the secondary circuits,
substantially as and for the purposes set forth.

. 6. In a system of electrical distribution and
in combination, an alternating-current dy-
namo, and converters organized to transform
the current generated by the dynamo into eur-
rents of less potential and greater quantity at
or near the points of consumption, electrically
connected with the main-line conductors in
multiple arc and having their primary circuits

constantly closed and their secondary cireunits

constantly open, except when 'and as-closed
through translating devices at work, each con-
verter containing a- soft-iron core weighing
substantially two pounds for each ampére-of
current normally produced in its secondary
cireuit, and containing in its primary coil a
length of wire exposed to effective magnetic
induction substantially equal to the electrical
or ¢ireuit length of wire exposed to like effect-
ive magnetic induction on the armature of
the dynamo operating the ‘system, with in-
candescent lamps or other translating. devices

in the secondary circuits, substantially as and

for the purposes set forth.

In testimony whereof I do hereto subscribe
my name, in the presence of two witnesses,
this 8d day of March, 1888.

MARMADUKE M. M. SLATTERY.

‘Witnesses: -

LORIN J. WOODRUFTF,
C. S. HiLToN.
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