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This Invention relates to wound condensers for
high voltage purposes, and is concerned with the
provision of an improved wouand condenser, and
with & method of forming the same. In par-
ficular, the invention has specific relation to sg-
called “lead-through” (or “lead In”) insulators
or “condenser lead-through devices.”

Wound condensers for high voltage purposes
consist of & wound up insulation web into which
& inetal layer is wound each time after a cer-
tain number of layers of Insulation. The length
of the metal overlay Is about equal to the clr-
renice of the place concernsd. In the same
d-in insulators are construcied with po-
adlient contrel by mesns of metal in-
so~called condenser “lend-in” devices.
been round that all hard paper con-
lead-through devices,—consisting of
7  up iosulstion webs and wound-in rmetal
folls,—poesess such strong electric felds af the
edges of the metal folls, in operation with nomi-
nal voltage with ordinary stress of the dielectric
oi aboub 12 kv, per cm., that the dielectric ad-
jacent the edges of the metal foils does not re-
main constant but on the contrary is gradually
affected. The result of this is thet the insula-
tlon is utilized electrically in & poorer manner,
since 1t must be calculated with reference to the
strong marginal fields and therefore must be
made thicker themn would he necessary other-
wise. The fact thal sinall spacing of adjacent
metal inserts has favorable effect was known,
it is true, but it heretofore was generally the
praciice to select spacings of from 2 0 4 mm,
between adjacent inserted metal layers, and in
exceptional cases down tc 1.5 mm. The exact
relationship between thickness of layer, voltage
on the layer, and corrosion effect of the edge was
not known prior to the present invention, and a
thorough investigation making use of continuous
experiments, a year long, was necessary for as-
certaining that relationship.

The present invention is predicated on the
knowledge of the conditions under which one is
in position to wutilize the dielectric completely
without edge corrosions occurring. It is based
on the knowledge of that voltage under which no
edge corrosion phenomens occur even with stress
lasting for years. This limiting voltage has been
found to be identical with that which can be
ascertained by a simple experiment, the so-called
corona discharge voltage, i. e., that voltage at
which,—even assuming that the edges of the lay-
ers are in the air,—a sound or an increase in
losses occurs for the first time upon increasing
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voltege. Since the edges of the conducting in-
serts are embedded in solid dielectric,—generally,
in paper and artificial vesin,—this discovery wes
surprising. It shows thab it must be assumed
that the edges are surrounded in the closest
proximity with s fine sir flm of about normal
pressure, although this cannot be determined
with ordinary testing methods.

The invention comprises making the thickness
of the dieleciric between sdiacent conducting
layers so smell, with & minimum stress of the
dielectric of 18 Itv. per cm. thai the voltag
curring beiween the layers in guesilo
greater then the corone discharge vollage
responding to vhis thicknsess of insulation.

I5 s true that this reguirement leads $o spoces
of eny desired slze 1f the eleciric strengih of
the dielectric Is nol used completely, 1. e., if the
eondenser s over-dimensioned. If, however, ot
cording to the present invention, the ubilizstion
is complete, fhe grestest radinl specing of ade-
Jacent overlays ramains under I mm. in esch
case. With very efiicient dielecirie, the spacing
can frequently be the thickness of a simple gheel
of paper. It is then possihle to
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high voltage condensers or insulators, end con-
denser lead-through devices, by constructing the
overlays as sirips of conductive material in con-
tinuous sequence independent of the dismeter of
the roll, the insulating distanceg from esch other
in the direction of the clrcumference necesserily
being at least large enough so that the apner-
taining partlal voliages do not lead to jumping.

In its product embodiment, the invention re-
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3 gides In a wound condenser, for high voitage, of

the type including a continucus web of diclectric
and conductive overlays separsted into discon-
tinuous portions in the direction of the circum-
ference of the wound device, e, g., hard paper
condenser lead-through devices, characterized in
that with a minimum stress of the dielectric of
10 kv. per cm. with the highest permissible per-
manent nominal voltage the number of conduc-
tive overlays in the radial direction is so large
and, therefore, their radial spacing from each
other is so small that with said permanent nomi-
nal voltage between adjacent overlays the value
of the corona discharge voltage is not attained.
It may be stated that the radial spacing of the
conductive overlays of the wound condenser is not
in excess of 1 mm.; that said overlays are in the
form of strips which are no wider (in the direc-
tion of the circumference), and preferably are
less wide, than the circumference of the roll
diameter appertaining thereto; and that said
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overlays are arranged,—independent of the di-
ameter of the roll,—in continuous sequence in
. the direction of the diclectric web and with so
much relative insulating spacing between adjoin-
ing overlays that the same is a{ least sufficient
for jump-proof absorption of the drop in voltage
between adjoining overlays. This spacing may
amount to more, or less, than one circumference
of the roll at the place of the spacing, depending
upon the properties of the invention and other
variables. Thus, the spacing between two ad-
joining overlays may amount to one or two or
more turns of the windings, or may amount to
only a fraction of one turn,

The boundaries of the overlay strips running
crosswise of the dielectric web may be parallel
to the axis of the roll, or they may run in helical
lines which form an angle of between 45° and 90°
with the circumferential line of the roll.- Prefer-
ably, those boundaries of the overlay strips which
run in the direction of the web are substantially
parallel to the edges of the web. Moreover, the
overlay strips may extend over the entire width of
the dielectric web or over only a portion of the
latter, and may or may not be uniform in area
and/or dimensions from one point in the roll to
another; preferably, the lengths of the overlay
strips (cross-wise of the web) progressively di-
minish from the center of the roll outwardly.

According to the invention, the thickness of the
conductive overlays deposited on the insulation

(dielectric) web amounts at most to a thirtieth

- part of the thickness of the latter. The overlays
consist at least in part of carbon (e. g., graphite,
lampblack, or the like) in a very finely subdi-
vided,—preferably ‘colloidal”—form, and may
contain also very finely subdivided metal.

The crux of the process embodiment of the in-
vention resides in the step of applying (i. e, de-
positing) the conductive overlays on the web of
dielectric itself as the latter is being wound up,
the overlays so applied being in such thin layers
that their thickness is not perceptible in practice.
Thus, the conductive overlay may be formed on
the dielectric web by applying spaced areas of
conductive material on the untreated side of an
insulation web the opposite side of which latter
has been coated and/or impregnated with a resin-
ous composition, e. g., shellac coating composi-
tion. For this purpose, the applying step may
consist in spraying, printing or painting onto the
insulation web spaced areas of a fluid composi-
tion comprising finely divided carbon with or
without added finely divided metal; or the apply-
ing step may consist in depositing a thin layer
of the conductive material on the insulation web
by the aid of an electric fleld. The fluid car-
bonaceous composition may comprise an aqueous
suspension of colloidal graphite (e. g., the prod-
ucts known in commerce under the notations
“Aquadag”; “Hydrokollag,” etc.), or compositions
similar to printer’s ink or to black India ink.

In all cascs wherein the overlay is applied to
the insulation web by spraying (or printing, or
painting) thereon a fluid composition comprising
the conductive material of the eventual overlay,
the liquid medium is to be expelled from the
coating layer before the web is wound up into a
roll.

It is within the scope of the present invention
to form the condenser or insulator from a plu-
rality of separate sheets of the insulation; also,
to insert separate sheets (of insulating material)
carrying the conductive overlays into the roll
while winding up the continuous web of dielectric;
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in which case the latter may or may not itself
carry conductive overlays.

The Invention will be further described with
reference to the accompanying drawing, in which

Fig. 1 is & perspective view illustrating sche-
matically the method of forming the improved
lead-through device of the invention;

Fig. 2 is an axial sectional elevation of a par-
tially completed condenser in accordance with one
form of the article of the invention; and

Fig. 3 Is an exaggerated, axial, sectional eleva-
tion of a completed condenser in accordarce with
the invention. -

Fig. 1 illustrates formation of a condenser.
According to the same, overlays 9, with relative
spacing a and with a width b smaller in the
circumferential direction than the circumference
at that diameter of the roll, are applied on the
paper web 2 to be wound up on mandrel | and
coated on one side with artificial resin solution.
The length ¢ of the overlays in the direction of
the axis can be limited at a distance d from the
edge of the paper according to Fig. 1. The over-
lay could, however, be applied over the entire
length in the direction of the axis, and the
finished roll subsequently turned down conically,
or in another suitable shape, approximately as in
Fig. 3. This latter figure shows a condenser lead-
through device, in solid view below, and in length-
wise section above, the turned down winding #
being applied on the lead-through tube 21 and
being encircled outside with the socket element
22, In addition, the overlays can be allowed to
increase or decrease in thelr axial length accord-
ing to any definite rule desired so that a con-
denser lead-through device according to Fig. 2 is
the result, the outer shape of which is cylindrical,
it is true, but whose control inserts 9 become
smaller from the inside towards the outside.

When, however, the conducting inserts are ar-
ranged in such small radial spacings, a number
of practical difficulties are encountered. Both
metal foil sheets and metallized paper result in
such considerable increase in the radial thickness
that the parts outside the overlays are under too
slight winding pressure. By equalizing papers
that are allowed to run in beside the layers only
a partial compensation of the thickness is pos-
sible in practice and this complicates the process
of manufacture to a practically impossible extent.

The invention, therefore, comprises a process
of applying the conducting inserts on the insula-
tion web of the wound condenser itself in such a
thin layer that their thickness is not perceptible
In practice. This is the case when their thick-
ness amounts at most to ¥4 of the thickness of
the insulation web. In practice this can be at-
tained for instance by applying carbon suspended
in liquid on the insulation web after which the
liquid is volatilized. The carbon is to be divided
up as colloidally as possible, in the form of lamp-
black or, even better, graphite. A suitable sus-
pension, for instance, can be obtained in trade
under the names of “Aquadag,” “Hydrokoilag,”
ete., but likewise certain types of India inks and
printing inks can be employde. The colloidal
graphite suspension can have the finest metal
powder mixed with it. The conducting layer can
be sprayed, printed, or painted on the insulation
web, or applied thereto by an electric field. The
liquid can be water or another suspension carrier.

I claim:

1. Wound condenser type bushing for high
voltage, including a lead through conductor with
conducting overlays divided up in the direction of



2,301,883

the circumference of an insulation web and. a
mounting ring, especially hard paper-condenser
lead~through devices, distinguished by the fact
that with & minimum stress of the dielectric of
10 kv. per em. with the highest permissible per-
manent nominal voitage, the number of overlays
in the radial direction is so large and therefore
their radial spacing from each other so small that
with said permanent nominal voltage between
adjacent overlays, the value of the corons dis-
charge voltage is not attained.

2. Wound condenser according to claim 1, dis-
tinguished by the fact that the greatest radial
spacing of the conducting overlays of the roll
amounts at most to 1 mm.

3. Wound condenser according to claim 1, in
which the conducting overlays are in the form of
strips each of which is, at most, no wider in the
direction of the circumference than the circum-~
ference of the condenser at the locus of the strip.

4. Wound condenser according to claim 1, in
which the conducting overlays are in the form of
strips arranged, independent of the diameter of
the condenser, in continuous sequence in the di-
rection of the circumference with so much rela-
tive insulating spacing between adjoining over-
lays that jump-proof absorption of the drop in
voltage between adjoining overlays is assured.

5. Wound condenser according to claim 1, in
which the conducting overlays are in the form of
strips whose boundaries, crosswise of the instila-
tion web, are substantially parallel to the axis of
the condenser.

6. Wound condenser according to claim 1, in
which the conducting overlays are in the form of
strips whose boundaries, crosswise of the insula-
tion weh, run in a helical line forming an angle
of from 45° to 90° with the circumferential line
of the roll.

7. Wound condenser according to claim 1, in
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which the conducting overlays are in the form of
strips whose boundaries, in the direction of the
circumference, are spaced from the side edges of
the insulation web,

8. Wound condenser according to claim 1, in
which the conducting overlays are in the form of
strips whose lengths, measured in the direction
of the axis of the roll, vary from g maximum
nearest the center of the roll to & minimum near-
est the periphery of the roll.

9. Wound condenser according to claim i, in
which the conducting overlays are in the form of
strips whose thickness amounts at most to a
thirtieth part of the thickness of the insula-
tion web.

10. Wound condenser according to claim L in
which the conducting overlays are in the form
of strips whose composition comprises finely di-
vided carbon.,

11, Wound condenser according to claim i, in
which the conducting overiays are in the form of
strips whose composition comprises finely divided
carbon and finely divided tmetal.

12, In the process of preparing a wound con-
denser including an insulation web and spaced
conductive overlays, the step which consists in
applying the conductive overlays on the insu-
lation web itself, prior to the winding, in. the
form of deposits of practically imperceptible
thickness.

13. Improved process defined by claim 12, in
which the overlays are deposited from a suspen-
slon of finely divided conductive material in a
liguid medium.

14..Improved process defined by claim 12, in
which the overlays are deposited by spraying on-
to the insulation web an aqueous suspension of
conductive solids including a form of finely di-

vided carbon,
’ HANS KAPPELER.




