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korff”? coil for producing sparks.
‘yerter-coils have alsobeen made by employing
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o all whom it may concern:

Be it known that we,GUSTAV PFANNKUCHE
and ALFRED PFANNKUCHE, both subjects of
the Emperor of Austria, and residents of the
city, county, and State of New York, have in-

/

vented certain new and useful Improvements

in Electric-Current Converters, of which the-

following is a specification.
This dinvention relates to secondary or in-

-duction coils, especially such as are used for

converting an intense alternating current on
a main line to an alternating current of
low tension but considerable quantity on a
local cireunit. Induetion-coils as designed for
this purpose we call “‘converters.’” Such
coils have been heretofore made by winding
a fine insulated wire around 2a soft-iron core
or bundle of iron wires,or onatube containing
such wires, to form a primary coil or helix,
and then winding outside of this a coarse in-
sulated wire'to form the secondary helix, be-
ing, in fact,a reversal of theso-called “Ruhm-
Such con-

as a core a ring-like coil of wire, and winding
the primary and secondary helices upon this
ring in similar manper to the winding of the
Such converter-coils as
heretofore made work in general satisfactorily,
except that they do not attain as high an efii-
ciency or economy of electric energy as is com-
mercially desirable. - This is due to several
causes, chiefly to, first, the waste of energy

. due to the magnetization and demagnetiza-
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tion of solid cores, which, asis well known
oppose a considerable - resistance to rapid
changes of polarity; second, the. fa¢t that
the wires of the secondary helices are not
arranged in the most intense part of the mag-
netic field; third, the waste due to the gen-
eration of Foucault currents; and, fourth, to
there being not enough iron in.the present
constructions, and to what iron there is being
improperly disposed as to the inductive ef-
fect of the helices."

Our invention seeks to overcome these dis-
advantages by improving the converter-coils,
and it relates to the construction of single
coils and to the combination of the coils in
batteries. '

Figure 1 of the accompanying drawings isa
vertical longitudinal section and partial side

elevation,on alargescale,of asingle converter-

coil constructed according to the preferred

form of our invention. Fig. 2 is a plan or
end view thereof, and Fig. 3 a transverse see-
tion, beth on a smaller scale. Fig. 4isafrag-
mentary sectional view on a larger scale than
Iig. 1. Fig. 5 is a vertical longitudinal sec-
tion, partly in side elevation, and Fig. 6 a
vertical transverse section,of a converter hav-
ing a double coil. Fig. 7 is a side elevation,
partly in axial section, of a triple-coil con-
verter. Fig. 8 is partly an axial section and
partly a side elevation of a four-coil converter,
which is the preferred construction. Fig. 91is
a plan view of a series or battery of four-coil
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converters, arranged side by side in an in-

closing-case. Fig. 10 is a longitudinal see-
tion, and TFig. 11 a transverse section, of a
modified construction of single coil. Fig. 12
is a longitudinal section of another modifica-
tion.
tric cireuits for lighting or other purpose, in
connection with which onr invention is es-
pecially designed to be used. . :

To facilitate an’understanding of the pur-

70

Fig. 13 is a diagram showing the elec-

75 -

pose or practical application of our invention, ...

we will first describe the circuitarrangements
with reference to Fig. 13. In that figure A is
the line-circuit, and B B are the local circuits,
of which there may be any number. CC are
the eonverters or induction-coils, which are
hereshown for clearness as being of the ordi-
nary construction, with the ends of the inner
or primary coil protruding. Disthedynamo
or generator, which feeds the line-cireuit, and
E is a commutator for alternating the carrents.
We prefer to usea eontinuous-current dynamo,
because of its high efficiency, and to alternate
the currents by meauns of any suitable alter-
nating commautator, as E; but an alternating-
current dynamo may be used instead, in which
case the commutator It will be omitted. The
converters C C are preferably installed in the
line-circuit in multiple are, in order to main-
tain at the terminals a uniform potential.
Each local circuit includes the secondary coil
of one converter, as shown, (or, if preferred,
of two or more converlers arranged either in
multiple arc or series,) and the incandescent
electric lamps (indicated at ! 1) are connected
inthesecircuits in multipleare. Thealternat-
ing currents of high electro-motive force on
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the main line, which traverse the several pri-
mary coils of fine wire, induce in the second-
ary coils of coarse wire alternating currents
of low electro-motive force, which traverse
the secondary cireuits and feed the lampss

Referring now to Figs. 1, 2, and 3, we will

". describe the construction of converter or in-
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duction-coil thereshown. Let P designate, as
a whole, the primary coil, which is of fine in-
sulated wire, and S the secondary coil, which
is of coarse insulated wire.- M will designate,
as a whole, the subdivided tubular iron core.
The characteristic feature of this construction
Is that the primary and secondary wires are
wound in'alternate layers or helices with iron
tubes interposed between the layers. The
first helical layer of primary wire, p, is wound
on a straight tube, m, of iron. It may have
a thickness of one wire, as shown, or of two
‘or more wires. Then a second iron tube, m/,
is placed over this layer, and on this the first
layer of secondary wire, s, is wound. This
layer has preferably a thickness of only one
wire. Then a third iron tube, m”, is placed
over this, and a second layer of primary wires,
pyiswound. Thena fourthiron tube is placed
over this layer, and a second layer of second-
ary wire, ¢, is wound over this, and thus the
constraction proceeds by the alternate super-
‘position of wire helices and iron tabes, the

wire helices being alternately of primary and .
. secondary wire, until the coil attains the re-

quired dimensions. All the primary wiresare

- joined in one primary coil, P, all being wound
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in the same direction to secure like polarity,
and all the secondary wires are in like man-
ner joined in one secondary coil, 8. The two
opposite terminals of the primary coil are
Jjoined, respectively, to the two binding-postsa
«, Fig. 2, for connection with the wires of the
line-cireuit, and the terminals of the secondary
coil are joined to the binding-posts & ¥’ for
connection with the wires of the local eircuit.

The effect of this construction is to magnetize -

all the iron tubes with a like polarity, all be-
ing,in fact, parts of one magnetor core; to in-

- close each helix of primary wire between two
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iron tubes in order that it may exert its mag-
netizing actionin both directions in the utmost
proximity to the iron, and to expose each (with
the partial exception of the outer) helical
layer of secondary wire to inductive influence
from iron tubes on both sides of it, and in the

closest proximity to it, whereby the secondary |

wire is placed in the strongest part of the
magnetic field. Thus the primary wire ex-
erts its magunetizing influence to the strongest
effect upon the iron tubes, and the latter have
the most powerful inductive influence on the
secondary wire. The entire coilis inclosed in
an iron case, ¥, which should bein magnetic
contact with the endsof theseveral iron tubes
m m, whereby the iron case bécomes itself
magnetized, the lines of magunetic force ex-
tending thus around the sides of the case from

‘one pole to the other. Thus a closed magnetic

circuit is formed whereby sensible magnetic

poles are suppressed. The iron case Fisin
two parts—a cup-shaped box and a cover or
lid, F'. The inner tube m is screwed to this
cover, thereby connecting the entire coil fo
the cover, to which also the four binding-posts
are fastened. The iron tubesm m, if made of
plate orsheet metal, may be slitted through lon-
gitudinally with good effect, to suppress Fou-
caultcurrents. We prefer, however, (andthis
constitutes one.feature of our present inven-
tion.) to construct these tubes by windinga lay-
er of iron wire in'a close continuous helix, If
the iron wire be naked and its convolutions be
in actual contact, the effect will be the same as
if a tube of solid metal were used,but if, as we
prefer, the iron wire be insulated, the mag-
netic effect will be but little, if any, impaired,
and by connecting the terminals of the iron-
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wire helix in the circuit the current through -

it will react inductively upon and re-enforce
that in the primary helices, whereby the in-
ductive effect upon the secondary wire will be
intensified. As theseale of Fig. 1is too small
to enable this construction to be clearly shown,
we have illustrated it on a large scale in the
fragmentary view, Fig. 4. "Here the iron
wires are shown in black, and the (preferably)

‘copper wires of the primary and secondary

coils, by white circles. A. wooden core, ¢,
passes through the center, being used as a
base on which to wind the first tubular helix
of iron wire. When more powerful convert-
ers are required, we prefer to combine to-
gether two or more of the individual coils
already described rather than to enlarge the lat-
ter to unwieldy proportions.

Figs. 5 and 6 show a converter consisting of
two complete coils of the counstraction shown
in Fig. 1, the two coils being united by pole-
pieces d d of soft iron, and inclosed in a case,
F. The pole-pieces suffice in themselves to
make a closed magnetic circuit, so that no

‘poles are observable, the winding being of

course so disposed as to bring opposite poles
of the cores of the two coils into communica-
tion through the mediam of the pole-pieces.

The coils shown in Figs. 5 and 6 differ in
one respect from that shown in Fig. 1, in that
the secondary wire s is first wound, instead of
the primary. This modification is of little
effect.

Fig. 7 shows a triple arrangement of coils.
Three complete coils are arranged in the form

Qo

95

ICO

103

of an equilateral triangle, their ends being -

magnetically connected through the medium
of ‘soft-iron pole-pieces d d, to form a closed
magnetic circuit. ) ‘

Fig. 8 shows a quadruple arrangement of
coils. Thefourecoilsare arranged in the form
of a quadrangle and united by means of iron
corner-pieces or pole-pieces d d, which com-
plete the magnetic cireuit. Through each coil
is passed a slender bolt, ¢, by means of which

the two pole-pieces at opposite ends of the:

coil are drawn together, embracing the coil
between them, Thetwo lower pole-pieces are
formed with flanges @' @, by means of which

125
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the compound coil may be screwed to a base,
G. This form of eoil has all the advantages
with none of the disadvantages of induction-
coils in the form of a ring wound upon a ring-
shaped core. The four coils being wound so
as to bring their opposite poles into juxtapo-
sition at each corner, and the tubular mag-
netic cores being made continuous throughout
the entire quadrangle by means of the pole-
pieces, there is no waste of energy by the gen-
eration of ‘external poles and their reversal,
The winding of the wires is simple and direcs,
owing to eachindividual coil having a straight
axis, and the wrapping of wire is of equal
thickness on all sides. o ‘
Instead of three or four coils, we can in
similar manner combine any greater number—
as five, six,.eight, or ten-—but we prefer the

“combination of four individual coils.

Fig. 9 shows how the converter-coils shown
in Fig. 8are combined to form a battery. Any
desired number of separate converters are
placed side by side, all being screwed down to

the same base, aud are inclosed in a box or

case, I. The primary wires are joined or
coupled together in any arrangement—mulsi-
ple are, series, multiple series, or series mul-
tiple—as the judgment of the electrician may
determine, and carried to the binding-posts a
a. The terminalsiof the secondary coils are
in like manner joined to the binding-posts
bb.

The construction and arrangement shown in
Figs. 8 and 9 are those preferred by us for
practical use, the winding being preferably as
shown in Figs. 1and 4.
show our entire invention,

We will now deseribe the modificationsillus-
trated in the remaining figures.

Figs. 10.and 11 show aconverter consisting
of a single complete coil inclosed in an iron
case, F, in which the winding is somewhat dif-
ferent, the alternate superposition of the pri-
mary and secondary helices being departed
from. ~A’solid core is here shown, being com-
posed preferably of a bundle of iron wires.
The primary coils are wound only on the end
portions of this core, and the secondary coils
are wound only on the middle portions. On
each end of the core for about one-third of its
length toward the middle one or two layers of
the primary wire are wound, then an iron tube
is slipped over, then the winding of primary
wire is repeated, and so on until each end is
wound with the primary wire in layers alter-
nating with the iron tubes. Then the second-
ary wire s is wound on the middle portion of
the core without the intervention of any iron
tubes. The advantage is thus gained of plac-
ing the secondary wire on the neutral portion
of the core where the strongest inductive ef-

fect is found.

Fig. 12 shows the same construction as Fig.
10 with the following exceptions: The central
core is much shortened, being scarcely any

longer than the secondary coil, and the sec-

These figures, in fact,

«ondary coil like the primary is built up of al-
ternate layers of wire helices and iron tubes.

Our invention is susceptible of many other
modifications in coustruction,which will read-
ily snggest themselves to the practical elec-
trician.

We are by no means confined to the use of
cylindrical tubes or cores, as in some cases it
may be preferred to use elliptical, polygonal,
or flat cores. The inclosing-case may also be
of various designs.

‘We claim as our invention—

1. The combination, to form a current-con-
verter, of an iron core subdivided into two or
moredistinet tubes, a primary coil subdivided
into two or more- distinct helices alternated
with said tubes, and a secondary coil arranged
in induetive proxinmity to the subdivisions of
said core, substantially as and to the effect set
forth. '

2. The combination, to form a eurrent-con-
verter, of an iron core subdivided into dis-
tinet tubes, a primary coil subdivided into
distinet helicesalternated with said tubes, and
a secondary coil subdivided into distinet heli-
ces also alternated with the tubular subdivis-
ions of said core, substantially as and to the
effect set forth.

3. The combination, to form a eurrent-con-
verter, of an iron core subdivided into dis-
tinct tubes, a primary coil subdivided into
distinet helices, alternated with said tubes,
and a secondary coil subdivided into distinct
helices alternated with the helices of the pri-
mary coil, substantially as set forth.

4. The combination, to form a current-con-
verter, of an iron coresubdivided into tubes,
and primary and secondary coils subdivided
into helices, with theiron tubesand wire heli-
ces arranged in alteznate superposed layers,
and the successive wire helices being alter-
nately of primary and secondary wire, sub-
stantially as set forth.

5. The combination of an iron core subdi-
vided into tubes, some or all of said tubes
formed by winding iron wire into a helix with
the primary coils subdivided into Lelices and
alternated with said tubes of helieal iron wire,
and the secondary coil wound in inductive
proximity to said tubes, substantially as set
forth. '

6. The combination of an iron core subdi-
vided into tubes, some or all of said tubes
formed of insulated iron wire wound into a
helix, the primary coil subdivided into helices
wound in alternation with said iron-wire heli-
ces, aud both conuected in the primary eireuit,
whereby alternating currents through the iron-
wire helices will inductively re-enforce the al-
ternating currents in the helices of the primary
coil proper, and the secondary coil wound in
inductive proximity to said iron-wire helices,
substantially as set forth.

7. A converter-coil composed of an iron
coresubdivided into tubes, a primary coil sub-
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divided into helices alternated with said tubes,
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and a secondary coil wound in inductive prox-
imity to said tubes, in combination with a
magnetic connection extending from one pole
of its subdivided core around to the opposite
pole thereof, whereby sensible magnetic poles
are suppressed, substantially as set forth.

8. A converter-coil composed of an iron
core subdivided into tubes, a- primary eoil
subdivided into helices alternated with said
tubes, and a secondary coil wound in indue-

‘tive proximity to said tubes, in combination

with one-or more substantially similar con-
verter-coils, and with magnetic connections

between the opposite poles of the individual’

converter-coils, whereby a closed magnetic:

circuit is formed, including the cores of the

suceessive cores, substantially as set forth.
9. A compound converter-coil composed of
two or more individual coils combined with

20 iron pole-pieces d d, and fastening-bolts ¢ ¢,

BEST AVAILABLE cop

passing through the respective coils and draw-
ing together the opposite pole-pieces against
theends of the coils,substantially as deseribed.

10. The combination, to form a battery of

converter-coils, of aseries of quadruple groups, 25

each consisting of four individual coils united
rectangularly through pole-pieces to form a
closed magnetic cireunit, a base, G, to which
the said gronps are fastened side by side, and

a case, I, inclosing said seriés of groups, sub- 30

stantially as set forth.

In withess whereof we have hereunto signed
our names in the presence of two subscribing
witnesses.

GUSTAV PFANNKUCHE.
ALFR. PFANNKUCHE.

Witnesses:

ARTHUR C. FRASER,
‘E. B. BoLTON.



