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The present invention relates to a process and
a device for impregnating condensers with im-
pregnating agents which are solid at ordinary
temperature, as for example paraffine, ozocerite,
vaseline and similar substances.

As 1s known, fixed condensers and the like are
usugally impregnated in such a manner that the
condenser rolls, which for {nstance exist of metal
foils with Interposed impregnable insulating
sheets after being dried in vacuum at an elevated
temperature are flooded with the molten im-
preghating means.

The present impregnating processes show the
disadvantage that the electric properties of the

finished condensers deterlorate very much owing -

to the volume contraction which takes place to-
gether with the solidification of the iImpregnating
agents, especially after long storage. This s be-
sides other reasons mainly caused by the fact
that owing to the volume contraction during
solidification near the ends of the finished roll
the solild impregnating agent shows serleg of
small cracks. The water coming from the air
which slowly penetrates Into these cracks causeés
deterioration of the electric properties of the con-
denser. With certain kinds of rolline, as for in-
stance the rolling of noninductive condensers,
the influence of the cracks can be especially trou-
blesome. Till now it has been tried to improve
the disadvantage of decreasing the dielectric
strength by making the Insulating coils conslder-
ably larger than the metal folls,

The present Invention intends to abollsh the
appearance of disturbing cracks by Suppressing
the volume contraction of the impregnating
agent. This contraction takes plate durink solid-
iflcation. When impregnating condensers with
impregnating agents which are solld at room
temperature, according to the bresent invention,
the impregnating agent is at fBrst, startihg at
room temperature, liquefiled in a cyclic process
and in presence of the condenser submitted to
such high temperatures and such high pressures
that the volume of the Impregnating agent,
whether totally liquid or partly liquid and partly
solid, is reduced to the volume which the im-
preghating agent takes at room temperature and
at atmospheric bressute.

The process according to the invention is ex-
plained in the following with the isobars for the
liquid and solid state of a pure impregnating
agent In a diagrammatic drawing. 1t is to be
understood that according to the invention im-
pregnating agents consisting of mixtutes can be
used.
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Curve m shows the Isobar of a certain amount
of an impregnating agent in solid and liquid
state under atmospheric pressure. The volume
of this amount at room temperature {s called vr.
The curves p2 and pa show the {sobars of the
same amount at considerably Increased pressures
P2 and s, respectively. The changes in volume
which take place at the melting temperatures T1,
Ta and Ts are called w1, wa, ws. They decrease,
a3 ¢an be seen in the drawing. with increasing
pressures. The process for impregnating of con-
densers can he realised a¢cording to the inven-
tion in many different kinds of cyclic processes
which suit the constants of the used impregnat-
ing agents.

In cutve I of Fig. 1 merely one way of conduct-
Ing the gyclic process Is shown, The Impregnat-
ing agent is heated at atmospheric pressure to
& temperature which Is higher than the melting
point and higher than the temperature Ts. At
constant temperature the pressure is raised from
p1 to ps, the Impregnating agent remaining lig-
uid and assuming a volume which 1s equal to its
volume at room temperature. After that it is
cooled to ordinary temperature at constant vol-
ume.

By reducing the impregnating agent to the
desired volume (2r) in a llquid state, as described
ahove, the solldification occurring at the follow-
ing cooling as well as the further reducing down
to ordinary temperature takes place without any
change in volume, which could be disturbing by
the formation of troublesome cracks.

In the above described performance of the
provess according to the invention generally com-
paratively high pressures and corresponding high
temperatures have to be used. Therefore, in a
preferred method of performing the cyclic proc-
ess according to the invention, the Impregnating
agent which has to be treated is exhibited at a
temperature above its melting point (at 780 tor)
to such a bressure that it solidifies and then
it 15 cooled at the same or &t a higher pressure
isobarically to its volume at ordinary tempera-
ture.

Such a eyclle process is shown in Fig. 2, curve
IT, of the accompanying drawineg.

The impregnating agent is heated at the pres-
sure p1, which may differ from the atmospheric
pressure, to the melting temperature T2 corre-
sponding to the isobar pa, then exhibited to the
pressure pz what makes it solidify, and is cooled
to such a degree, for lhstance isobarically, untfl
it assumes the desired volume Coe) .

The above described method has the effect that
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owing to the pressure p2 being far above atmos-
pheric pressure, the contractlon of volume (wa)
connected with solidification 1s conslderably
smaller than the contraction of volume (2n) at
the melting point (at 760 tor). The contraction
connected with the i1sobarie cooling of the solld
material at the pressure ps has to be kept suffl-
ciently small by choosing sufficlently high pres-
sure in order to prevent troublesome cracks, Fur-
thermore, the formation of undesired cracks at
the ends of the condenser roll according to the
contraction of volume during solidification cannot
occur in the cooling of the impregnating agent
in the solid state.

It is also advantageous to submit the impreg-
nating material, which is to be treated, at a tem-
perature above the melting point (at 760 tor) to
a pressure at which the impregnating agent is
still ligquid, whereupon it 1s solidifled by cooling
at constant volume and reduced to the volume
which 1t assumes at ordingry temperature. In
Fig. 3, curve III, is shown, for instance, one way
of conducting this kind of eyelie process.

The impregnating agent is heated at the pres-
sure m which may be equal or different from
atmospheric pressure to a temperature higher
than the temperature T2, It is then submitted
to a pressure higher than the melting pressure
pa corresponding to Tz remalning liquid. It is
cooled isochorically to the temperature Ta, where-
by the impregnating agent solidifles. Then it Is
whether cooled isobarically or at first compressed
in the solid state to the volume (»r)} at Tz and
then cooled to ordinary temperature at constant
volume.

In this method of carrying out the process
according to the invention an important part of
the volume reduction takes place In the liquid
state before the solidification of the impregnating
agent starts, and therefore the formation of
cracks during solidification is practically ellmi-
nated.

In realising the process according to the in-
vention, the cyclic processes illustrated in the dia-
grammatic drawing may generally not be obeyed
strictly. The different tracks In the (»—T)
plane may not be completely isotherm or iso-
baric; for instance the compression in the cyelic
process II, illustrated in Fig. 2, may not take
place at the exactly constant temperature Tz, nor
may the cooling follow strictly parallel to the
T-axis. Generally in the practical performance
a cyclic process Is chosen which avolds the forma-
tion of eracks and also works with temperatures
and pressures which can easily be obtained in the
practically avallable devices. Such & cyclic
process can generally be pictured as an entirely
enclosed curve in the (p—T) plane.

As the numeric constants of the usual Impreg-
nating agents are not known, in the following a
homogeneous substance is used for demonstrating
the pressures and temperatures used in the
process according to the invention. This sub-
stance may have the following constants:

The melting temperature at 760 tor be
Ti=50° C: the change in melting temperature
with pressure be 4.10-? degree/atm. 1 gram of
the substance shall take at ordinary temperature
a volume of 1 ec. The relation between volume,
temperature and pressure be the same for the
solid and the liguld state and the thermal ex-
pansion coefficlent be 5.10—* and the compressi-
bility 2.10-5. The contraction of vohime during
solidification at atmospheric pressure be

w1=5,10—2 ec/gr
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and the decrease in the contraction of volume
with pressure be 4.10—% cc/atm.

The flgures glven above correspond roughly to
the figures of known substances, as for instance
cetylic aleohol, decan ete. as can be seen from the
tables of Landolt-Birnstein, the Intermational
Critical Tables etc., and from the publications
on which these figures are based. The impreg-
nating agents used practically do not differ prin-
cipally in their behaviour from homogeneous sub-
stances,

Assuming a pure substance with the above
mentioned constants, the following plcture is ob-
talned for the cyclic process shown in Fig. 1 by I,
which requires especially high pressures and tem-
peratures, as compared with the cycllc processes
in Figs. 2 and 3.

1 gram of the impregnating agent is heated at
a Dbressure of 760 tor from ordinary temperature
to its melting point of 50° C expanding .015 cc.
‘The change of volume during melting amounts to
.05 cc. The molten substance is further heated
to about 61° C expanding .006 cc. At this tem-
perature it is exposed to a pressure of about 2500
to 3000 atm, which makes the volume decrease
to its volume at ordinary temperature and 760 tor.

If substances are used the volume contractlon
of which changes stronger with pressure than it
is the case with the above mentioned substance,
considerable smaller pressures, as for instance up
to 1000 atm., are sufficient in the cyclic processes
corresponding to Figs. 2 and 3.

For quite different purposes, namely for ren-
dering harmless the traces of gas which remain
in the badly evacuated condenser rolls, a small
over pressure of several atmospheres has already
heen used on the liquid impregnsating agent. It
can be seen that the pressures used in the process
according to the invention are of a different order
of magnitude,

In Fig. 4 are shown diagrammadtically the es-
sential parts of a device adapted for performing
the process according to the Invention. The im-
pregnating vessel | consists of a number of pres-
sure chambers 2, sultable for taking the con-
denser rolls which can be tightly closed at 3.
The chembers 2 are conhected via bore holes 4
with the pipe line 5. 'This line is connected with
the evacuating device 9 via valve 8. By valve (0
it 1s separated from the container Il which is
fillled with the Impregnating agent, and by valve
(2 from the high pressure part (3 and the me-
dium pressure part |5 of the compressor.

After feeding the chambers 2 with condenser
rolls, container 1 is heated by an electric heater
1 fixed in &n insulating envelop 6. At the same
time the alr expands out of the chambers through
the gpening of valve 8. After closing the valve 8,
the Impregnating agent molten in the container
tl 15 aliowed to enter by opening the valve 18
into the lines 5 and 4 which are all heatable and
heat-insulated. According to the process which
has to be earried out, and according to the im-
preghating agent used, at first a medium over-
pressure may be produced with the compressor 1§
in the chambers 2 which at the same time have
to be heated to a suitable temperature. After
closing the valve 10 the highpressure device 3
can be fed under medium pressure with impreg-
nating agent from the compressor 1§, valve 14
being open, and after opening valve 12 the cham-
bers 2 can be put under the deslred highpressure,
All the auxillary devices, as thermometers, elec-
trical and mechanical manometers etc. are
omitted in the drawing.
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As mentioned at the beginning the process
according to the invention can be applied with
gpeclal advantage for impregnating non-induc-
tive condensers of known constructlon, Such a
condenser is shown dlagrammatically in section
in Figs. 5, 5a and 5b.

One of the electrodes of the condenser 1s formed
by the metal folls IT Interconnected at (9, the
other electrode being formed by the foils 18 con-
nected at 20. Adjoining metallic turns are sep-
arated by impregnable insulating layers 16. The
higher the wanted dlelectric strength of the con-
denser has to be, the less the layers IT and 18
can overlap. The free border given by the dis-
tance between 21 and 22 has to be sufficlently
large, what increases the length of the condenser
if the capacity is kept at a constant value. Even
with large borders sparking-over cannot be
avolided with certainty. For explanation of this
fact 1t is referred to Figs. ba and 60 which repro-
duce the inner edge 22 of the border in large
scale. Fig. ba shows & condenser impregnated
according to the known process and Fig. 5¢ ac-
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cording to the process according to the present
invention, the impregnating agent being marked
23. In the knowm process of impregnation small
cracks and bigger cavitles are formed by the
strong volume contraction of the Ilmpregnating
agent during solidification (compare Fig. 5a).

This does not assure in the reglan of the border
safety agalnst sparking especially after the pene-
tration of molsture into the eracks.

By the process of Impregnation according to
the invention, however, a cohsiderable uniform
filllng 23 free from cracks is achieved in the
border reglon (compare Fig. 5b). As experi-
ments have shown, by the Drocess according to
the invention a multiple increase in strength of
breakdown 1{s obtainable. Even with small
borders safety agalnst sparks around the border
is obtained. Therefore, non-inductive condensers
of a certain capacity cah be manufactured with
considerable smaller length with the present
process than with the known processes,
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