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57 ABSTRACT 
In a process and apparatus for manufacturing encased 
electrical equipment such as transformers or reactors, 
the windings are first formed and insulated by a wrap 

Berberich et al..................... 29/605 

11, 3,792,528 
(45) Feb. 19, 1974 

ping of insulating material, e.g. paper applied to the 
conductor bars; the insulated windings are then dried 
in an oven, pressed to their final size and then sealed 
with a sealing agent. e.g. paraffin. Thereafter, the 
dried, pressed and sealed windings are assembled with 
their magnetic structure and installed in the casing, 
and apparatus is then utilized to wash out the sealing 
agent from the windings and dry them, after which the 
casing is filled with the usual insulating oil. The appa 
ratus for washing the sealing agent from the windings 
and drying them includes a combined boiler-still in 
which the washing medium, e.g. kerosene, is heated to 
vaporization and delivered hot to the casing which 
serves to wash out the sealing agent and form a slurry . 
with the latter. The heat from the vapor also serves to 
heat up and dry the windings. This slurry is pumped 
from the casing, passed through a filter and delivered 
to a combined storage tank-still from which it is 
pumped back to the boiler-still for re-vaporization of 
the washing medium and recovery of the sealing agent 
which is then drained off for re-use to seal other wind 
ings. A vacuum pump connected to the casing through 
a cooling trap serves to maintain the casing under a 
vacuum and also deliver water drawn off at the same 
time, from the cooling trap to the storage tank-still. 
Vaporized washing medium is also selectively deliv 
ered from the boiler-still to a condenser, and the con 
densed washing medium is then passed into a storage 
tank having an outlet by means of which the washing 
medium can be delivered through an equalizing con 
duit to the storage tank-still. The function of the stor 
age tank for the condensed washing medium and 
equalizing conduit is to enable the apparatus to be op 
erated selectively, i.e. with or without balance of the 
washing medium. 

11 Claims, 6 Drawing Figures 
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PROCESS OF FOR MANUFACTURING 
ELECTRICAL APPARATUS SUCH AS 

CASING-ENCLOSEDTRANSFORMERS AND 
REACTORS 

This invention relates to an improved process for 
manufacturing electrical apparatus such as transform 
ers and reactors consisting of coil windings mounted 
within oil-filled casings and to a novel apparatus by 
which the process can be practiced. 
The primary object of the invention is to provide an 

improved process and related apparatus by means of 
which one is enabled to manufacture in a particularly 
economic manner and using production cycle tech 
niques with substantial savings in assembly work and 
time, casing enclosed high-voltage transformers and re 
actors and with particular emphasis on the production 
of high quality, paper-insulated windings for such appa 
ratus which is achieved at a much lower production 
time than has been heretofore possible, and especially 
with respect to furnace time necessary for drying of the 
windings to remove moisture. 

It is known to insulate electrical conductors with 
paper and to produce electrical windings from conduc 
tors which have been so insulated. The windings, pre 
fabricated in this manner, are then dried to remove 
moisture and pressed in order to arrive at their final, 
stabilized dimensions. However, for technical reasons, 
for example, when manufacturing multi-phase windings 
for high-load transformers, it becomes necessary to 
store the dried and pressed windings, or banks of wind 
ings before being installed in their casings, with the re 
sult that the paper insulation on the windings will again 
absorb moisture from the ambient atmosphere until a 
balance is reached. The higher the humidity of the stor 
age space the higher will be the amount of moisture ab 
sorbed by the insulation. Also, even during assembly of 
the individual windings into banks of coils, will the 
windings absorb moisure from the surrounding air thus 
making it necessary to again subject them to heat treat 
ment in a drying oven, so that by a single, or if neces 
sary a multiple drying operation such contraction of the 
coils is attained that it becomes possible to install the 
yoke. Final assembly of the active component, i.e. the 
windings and their magnetic structure, is again accom 
plished at ambient humidity, especially its wiring, re 
quiring a rough drying of the active component, the re 
spacing and re-pressing again taking place at ambient 
humidity, so that finally a full drying and additional 
pressing of the active component becomes necessary. 
Installation of the active component in its casing is also 
accomplished at ambient humidity, thus requiring an 
other, or final drying of the active component. The 
final step in the manufacturing process is to impregnate 
the active component in its casing with insulating oil, 
under vacuum. 
Previous attempts have been made to reduce the wet 

ting of the windings by impregnating them with oil after 
compression to their final, stabilized size, and to com 
plete the processing of the windings in such state. An 
other known attempt to solve the problem, especially 
in the case of small transformers, of decreasing mois 
ture absorption, has been to soak, or impregnate the 
winding insulation with paraffin. 
Impregnation of the windings with oil is not a satis 

factory solution since oil continuously drips off the 
windings onto the floor of the work space and thus cre 
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2 . 
ates a vexing cleaning problem. Moreover, handling of 
the oil impregnated windings is rather troublesome, 
and windings treated in this manner obviously tend to 
pick up and hold rather large-sized dust particles. Also, 
the oil absorbed by the paper insulation will become 
fouled by absorption of gases, or by oxidation, and es 
pecially so during the still necessary final drying opera 
tion whereby impregnating oil will remain within the 
insulation, and causes a greater fire hazard. 
Impregnation of the paper insulation on the windings 

with paraffin likewise is no solution to the problem be 
cause paraffin is brittle and therefore cannot be sub 
jected to great mechanical stress, and a lasting impreg 
nation will show a great tendency to form cracks. Im 
pregnation of the windings with insulating oil, which 
follows in the usual manner after such specific treat 
ment, becomes quite difficult due to the prior impreg 
nation with paraffin because even traces of paraffin will 
prevent full saturation of the insulation, thus leading to 
formation of air pockets and consequently to a much 
greater chance for glow-discharge with all the undesir 
able consequences thereof. 

In order to at least somewhat shorten the above 
described multi-step manufacturing operation which 
requires a very longtime, it has recently been suggested 
to use kerosene vapor instead of hot air, as the heat 
transfer agent for heating the windings to be dried, or 
for heating of the completed active component, thus 
supplying more quickly the relative great quantities of 
heat required by the active copper and iron. However, 
this method does not result in any improvement con 
cerning the above-described impregnating process, or 
concerning the protection of the electrical windings 
against moisture penetration, especially during the 
manufacture of the windings as well as the active com 
ponents. 
The primary objective of the present invention is not 

only to avoid the deficiencies of the above-described 
manufacturing process but also to establish an im 
proved process which requires fewer steps in the manu 
facture of the windings, including their assembly with 
the magnetic structure thereby to complete the active 
component of the apparatus such as a super-voltage 
transformer or compensation reactor and the insulation 
on the winding will be maintained free from air, gases, 
moisture, foreign matter or entrapped matter up to the 
final drying operation within the casing, so that the sub 
sequent impregnation of the active component within 
its casing will, under no circumstances behindered. 

In accordance with the invention, these previously 
existing problems are solved in that the conductors 
forming the windings after being wrapped with their in 
sulation, usually paper, are dried and pressed into their 
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final stabilized dimensions, the windings are then 
sealed with a sealing agent and assembled with their 
magnetic structure (core and yoke) to form the active 
component of the apparatus, the active component is 
then installed in the permanent casing provided there 
for, a hot washing agent in vapor form is then circu 
lated through the casing to wash out the sealing agent 
from the insulation, as well as heat up and dry the ac 
tive component, and insulating oil is then introduced 
into the casing to impregnate the active component. 
As explained above, paper is the most common mate 

rial used for insulating the conductors from which the 
windings for the apparatus are formed. Various types 
of sealing agents can be used to seal the insulation on 
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the coil windings against moisture penetration includ 
ing, fluoro-chloro telomerization products, or paraf 
fines. For washing out the sealing agent from the wind 
ings, several different mediums have been found to be 
satisfactory including kerosene, fluorinated organic 
compounds such as a carbon fluoride, chlorocarbon 
fluoride, fluorinated amines or ethers having the proper 
boiling points. If desired, an oxidation inhibitor can be 
admixed with the sealing agent as a protection against 
oxidation, and in the case where paraffin is used as a 
sealing agent, the oxidation inhibitor admixed with it 
can be either ditertiarybutyl-p-cresol (DBPC) or 6 - 
phenylnaphthylamine. Other oxidation inhibitors can 
be utilized. 
For performing the improved process in a particu 

larly advantageous manner, a novel apparatus has been 
developed. This includes a combined boiler and still for 
vaporizing the washing agent which is conducted in 
vapor form from one outlet thereof by way of a conduit 
and shut-off valve to an inlet at the upper end of the 
evacuated casing containing the active component 
(windings and magnetic structure). The vaporized 
washing agent washes out the sealing medium from the 
windings, and the slurry of washing agent and sealing 
medium is pumped off from an outlet at the bottom of 
the casing through a conduit including a shut-off valve 
and a pump, the slurry then being passed through a fil 
ter and from the latter to a combined storage tank and 
still. The slurry is then fed back from the latter into the 
combined boiler and still through a conduit including 
another pump where the washing agent and sealing me 
dium are separated, the washing agent then being re 
vaporized and the sealing medium being drawn off for 
e-Se. 

The vacuum within the casing is produced by a vac 
uum pump connected to an inlet to the casing at the 
upper end thereof through conduit means including a 
shut-off valve at the casing side and a cooling trap in 
termediate the shut-off valve and vacuum pump. Mois 
ture within the casing and drawn off through the con 
duit connected to the vacuum pump is separated out in 
the cooling trap and this liquid is delivered through a 
conduit containing a shut-off valve to the conduit 
which carries off the slurry of the washing agent and 
sealing medium from the casing. The liquid moisture 
i.e. water, is removed from the combined storage tank 
still by a drain pipe. 
A second outlet from the boiler-still delivers some of 

the washing agent in vapor form through conduit 
means including a shut-off valve, the valve being fol 
lowed by a condenser which liquifies the washing agent 
for delivery to a storage tank which is maintained under 
vacuum by another vacuum pump, and this storage 
tank is connected by way of an equalizing conduit to 
the combined storage tank and still for the slurry of 
washing agent and sealing medium. The function of the 
storage tank for the liquidified washing agent is to en 
able one to achieve a "balance" for the agent, if de 
sired. The apparatus can be operated with, or without 
"balance' of the washing agent, this being controlled 
by means of the shut-off valves provided at the two out 
lets from the boiler-still. 
This apparatus which can, of course, be modified in 

certain respects will ensure continuous handling of in 
sulated windings of the type described, even in the case 
where large compact banks of coils are involved, thus 
guaranteeing that the redried winding insulation will 

4 
possess the same impregnation capacity for absorbing 
the impregnating oil or other dielectric medium in the 
same manner as would a new and dry winding which is 
free from inclusions of gases and foreign matter. 
The improved process in accordance with the inven 

tion and especially in conjunction with the apparatus 
developed for its practice is particularly advantageous 
and applicable in connection with the manufacture of 
high and super-high voltage windings insulated with pa 
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per, and particularly for transformer and reactor coils 
of large size, at substantial savings in labor and time, 
and which so far as quality is concerned are at least 
equal to that achieved by other processes of treatment 
heretofore known. 
The paper-insulated conductor bars which are to 

form the windings are bundled and preferably oven 
dried under a vacuum at a temperature of approxi 
mately 110°C and simultaneously pressed, for example, 
at a pressure of 30 kg/cm to achieve their final, sta 
blizied size. While still in their heated state they are the 
impregnated with a moisture-proof sealing agent e.g. 
paraffin heated to 70°C by immersion. This immersion 
can take place in the heating oven by dipping the con 
ductor bars in a vessel containing the liquified paraffin 
and which is located within the oven. After final assem 
bly and installation within the permanent casing pro 
vided for the transformer or reactor, or other similar 
device as the case may be, the sealed conductors are 
subjected for approximately 40 hours to treatment 
under vacuum with the vaporized washing agent e.g. 
kerosene at 110 to 120°C whereupon after stopping the 
supply of kerosene vapor, the liquid kerosene present 
within the insulation is vaporized by additional evacua 
tion. 

It has been found that paper insulation treated in the 
above-described manner, is capable of absorbing the 
impregnating medium, i.e. insulating oil, in the same 
manner as untreated, i.e. a completely fresh and dry 
paper insulation, a fact proved by measurement of the 
capillary rise of insulating oil within the paper tape un 
wrapped from the conductor, the tape being placed in 
a vertical position and with the lower end dipped into 
the insulating oil. Such measurements, using an insulat 
ing oil with a viscosity of 20 centistokes, show, after ten 
minutes, a capillary rise of 3.5 mm for the outer paper 
layer of the outer conductors of a conductor bundle, 
and a capillary rise of 4 mm for the inner paper layer 
of such conductors. The outer paper layer of the inner 
conductors of the conductor bundle showed a capillary 
rise of 4 mm, and the inner paper layer of these same 
conductors likewise showed a capillary rise of 4 mm. In 
comparison, the capillary rise of insulating oil, in the 
case of untreated paper is likewise 4 mm after ten min 
utes. The indicated capillary rise values of 3.5, 4, 4, 4, 
and 4 mm change to 7, 7, 8, 8, and 9 mm if the time is 
increased to sixty minutics. Although, during the sealing 
of the conductors, the paper insulation can absorb par 
affin in quantities up to 70 percent of its own weight, 
it becomes feasible, by a step in the process, to wash, 
melt or dissolve this paraffin from the insulation in an 
economic manner so that the paraffin is recovered and 
becomes re-usable. For this purpose the mixture of 
washing agent and sealing medium, e.g. kerosene and 
paraffin bleeding off the winding in the casing, is re 
turned to the boiler, serving also as a still, the kerosene 
being distilled off the paraffin into the storage tank, and 
the paraffin settling in the boiler being drawn off in its 
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hot and still liquid state and passed through a filter and 
re-used to seal other windings to be treated in accor 
dance with the process of the invention. Cooling of the 
kerosene, which occurs during this operation, will not 
cause any clogging of the conduit system employed for 
conveying the various mediums so long as the kero 
sene-paraffin slurry does not contain more than 40 per 
cent paraffin. This holds true because only a small por 
tion of the paraffin will dissolve in the cold kerosene, 
or will precipitate during the cooling off period in the 
form of a fine-crystalline clurry of crystals and can thus 
be pumped without difficulties. if the paraffin retains a 
kerosene residue of no more than 10 to 15 percent, its 
properties which are significant for the technological 
processes, for example, adhesion, will for all practical 
purposes not be effected when it is in a solidified state 
at room temperature. Above all, the windings treated 
with the paraffin will retain their full capacity of being 
impregnated with insulating oils, after the paraffin has 
been removed. Furthermore, the kerosene is very sta 
ble, so far as insulating oil is concerned due to its chem 
ical structure, and the oil is not therefore adversely af 
fected by the kerosene. Also, since oxidation inhibitors 
can be admixed with the paraffin, it becomes possible 
to prevent formation of organic acids, or acid products, 
which may occur in particular, at the surface of the oil. 
The invention is advantageous in particular due to 

the fact that the time required for treatment of the 
windings or compact banks of windings can be reduced 
by approximately 30 percent. 
Furthermore, when the process in accordance with 

the invention is utilized it becomes possible to establish 
a work synchronization process for making the wind 
ings which permits manufacture of various types of 
windings at different times and to assemble them in 
final form without intermediate drying steps due to the 
stabilization built into them by application of the seal 
ing medium. The sealing technique, accomplished in 
accordance with the invention prevents, primarily rep 
etitious wetting of the winding or of the winding insula 
tion so that it becomes possible to dispense with many 
of the intermediate steps required by previously known 
or standard processes, namely, repeated oven treat 
ment of the windings, repeated tightening by the press 
ing components, and spacing of the windings by means 
of washers, to overcome shrinkage caused by dring of 
the paper insulation. Since the required oven time, in 
the case of largesized transformers, lasts up to 14 days, 
representing a highly work-intensive treatment of the 
windings, the improved process in accordance with the 
present invention will be greatly advantageous because 
the winding units manufactured thereby will become 
stabilized at the time when they are first dried, with the 
result that up to the time of the final drying operation, 
all intermediate heat treatment steps heretofore re 
quired in connection with other processes, and includ 
ing also the re-spacing steps and interruptions of the 
drying operations will have been omitted. 
. The result is therefore considered to represent an ad 
vantageous and significant savings in winding assembly 
and calibration work, savings which are particularly im 
portant for the manufacture of windings which consists 
of banks of coils, and particularly those which are re 
quired to operate a super high voltage ratings. 
The foregoing as well as other objects and advantages 

of the invention will become more apparent from the 
following detailed description of the process and an ap 
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6 
paratus by which it may be performed, and from the ac 
companying drawings wherein: 

FIG. 1 is a diagrammatic representation of the se 
quential steps involved in a known process for the man 
ufacture of insulated winding components in compari 
son with the much fewer steps required in the practice 
of the improved process in accordance with the present 
invention; 
FIGS. 2a and 2b are elevation and plan views respec 

tively of a known arrangement for affecting stabiliza 
tion of a winding; . 

FIG. 3 is a diagrammatic illustration of an apparatus 
by which the process in accordance with the present 
invention is performed; 
FIG. 4 illustrates a bundle of paper insulated electri 

cal conductor bars for which the process in accordance 
with the invention may be practiced; and 

FIG. 5 illustrates a portion of a transformer structure 
with its high and low voltage paraffin-sealed windings 
in final assembled form on the related part of the core 
and yoke components of the magnetic supporting 
structure and as it would be installed in its permanent 
casing and treated in accordance with the process of 
the invention by the apparatus depicted in FIG. 3. 
With reference now to FIG. and to the known pro 

cess illustrated at the left side of this view, the various 
sequential steps involved are indicated by rectangles, 
and in those steps where heating is involved to dry out 
the windings, the rectangle has been drawn with dual 
lines. In step 1, the initial oven drying and pressing of 
the paper insulated conductor is carried out. Step 2 in 
dicates temporary storage of the initially dried and 
pressed winding, i.e. in a storage room at ambient hu 
midity until further needed. In step 3, shrink treatment 
of the winding in an oven takes place by means of 
which sufficient contraction takes place in order to per 
mit the winding to be assembled with the core and yoke 
components of the magnetic structure. Step 4 indicates 
final assembly of the shrunk, winding with its core and 
yoke structure, this likewise taking place in a work 
room at ambient humidity. Step 5 indicates rough dry 
ing of the final assembly of windings and magnetic 
structure in an oven. Re-spacing of the windings after 
rough drying is carried out in step 6 also under ambient 
humidity conditions. Thorough drying of the re-spaced 
windings is carried out in an oven in step 7. Installation 
of the finally dried assembly of re-spaced windings and 
magnetic structure in the casing is indicated at 8, and 
in step 9 of the known procedure, re-drying of the en 
cased winding and magnetic structure and impregna 
tion of the winding with insulating oil takes place. 
The steps involved in the improved procedure in ac 

cordance with the present invention are shown at the 
right on FIG. 1. In step 1", initial drying, spacing and 
stabilization of the insulated windings by application of 
the sealing medium thereto takes place. Step 2" which 
corresponds with step 4 of the prior art shown at the 
left, involves assembly of the stabilized windings with 
their core and yoke structure and which is done in a 
workroom under ambient humidity conditions. In step 
3', which corresponds somewhat with step 8 of the 
known procedure, the assembly of windings and mag 
netic structure in the permanent casing takes place. 
However, distinctly different from step 8 is that treat 
ment of the assembled winding and magnetic structure 
with the washing agent, e.g. kerosene, takes place in 
the casing, so as to remove all of the sealing medium, 
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e.g. paraffin from the windings. In the final step 4', 
which corresponds somewhat to step 9 of the known 
procedure, the assembly of winding and magnetic 
structure, now also dired by the hot washing agent is 
then impregnated with insulating oil. 
FIG. 2 illustrates a known arrangement for mounting 

prefabricated paper insulated windings for storage 
prior to their assembly on their magnetic structure. The 
winding 1 is mounted between a lower supporting ring 
2 and an upper supporting ring 3. The winding and sup 
porting rings are then pressed together by means of a 
clamping arrangement including lower and upper pres 
sure plates 5,6 and a plurality of tension rods provided 

10 

with compression springs 8 and tightening nuts 9. Pref. 
erably wooden, spacer blocks 7 are inserted between 
the upper end of winding 1 and the upper pressure 
plate 6. The winding mounting structure as depicted in 
FIG. 2 is utilized in connection with the manufacture 
of medium and also large sized windings which are sta 
bilized in the clamped and dry condition by application 
of a sealing medium, e.g. varnishes, especially on a 
plastic base, and this is done preferably by a soaking or 
dipping operation. However, such method cannot be 
utilized for windings which will be subjected to high 
and super high voltages since the sealing medium, i.e. 
the varnish utilized to protect the winding against ambi 
ent humidity will remain permanently in the insulation 
and hence will not permit extremely high voltage 
stresses in the winding for the reasons hereinbefore ex 
plained. 

In the practice of the present process, the insulated 
windings can be mounted in essentially the same man 
ner as depicted in FIG. 2 and pressed to their final di 
mensions, after which they are placed in an oven, and 
perhaps under a vacuum, and impregnated with the 
sealing medium, e.g. paraffin which is in a hot liquid 
state. The insulated windings thus become sealed 
against absorption of moisture from the ambient air 
and thus are no longer subjected to any changes in di 
mension; i.e. the windings become completely "stabi 
lized'. - - 

With reference now to FIG. 3, which illustrates a par 
ticularly advantageous apparatus by which the process 
can be performed, a combined boiler and still 1 serves 
for vaporizing the washing agent e.g. kerosene which is 
conducted in vapor form from one outlet thereof by 
way of a conduit and shut-off valve 2 to an inlet con 
nection 3 at the upper end of the evacuated casing 4' 
containing the assembled active component (windings 
and magnetic structure). The vaporized washing agent 
washes out the sealing medium e.g. paraffin from the 
windings, and the slurry of washing agent and sealing 
medium is pumped off from the drain outlet at the bot 
tom of the casing through a conduit including a shut-off 
valve 6 and a pump 5, the slurry then being passed 
through a filter 11 and from the latter to a combined 
storage tank and still 12. The slurry is then fed back 
from the latter into the combined boiler and still 1 
through a conduit including another pump 14 where 
the washing agent and sealing medium are separated, 
the washing agent then being re-vaporized and the seal 
ing medium being drawn off from a bottom drain pipe 
15 for re-use. 
The vacuum within the casing 4" is produced by a 

vacuum pump 7 connected to an inlet to the casing at 
the upper end thereof through conduit means including 
a shut-off valve 8 and a cooling trap 9 intermediate the 

15 

8 
shut-off valve 8 and vacuum pump 7. Moisture within 
the casing and drawn off through the conduit con 
nected to the vacuum pump is separated out in the 
cooling trap 9 and this liquid is delivered through a 
conduit containing a shut-off valve 10 to the conduit 
which carries off the slurry of the washing agent and 
sealing medium from the casing 4'. The liquid moisture 
i.e. water, is removed from the combined storage tank 
still 12 by a drain pipe 13. 
A second outlet from the boiler-still 1 delivers some 

of the washing agent in vapor form through conduit 
means including a shut-off valve 16, the valve being fol 
lowed by a condenser 17 which liquifies the washing 
agent for delivery to a storage tank 18 which is main 
tained under vacuum by another vacuum pump 19, and 
this storage tank is connected by way of an equalizing 
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conduit 20 to the combined storage tank and still 12 for 
the slurry of washing medium and sealing agent. The 
function of the storage tank 18 for the liquified washing 
medium is to enable one to achieve a “balance" for the 
medium, if desired. The apparatus can be operated 
with, or without “balance' of the washing medium, this 
being controlled by means of the shut-off valves 2,16 
provided at the two outlets from the boiler-still 1. 
This apparatus which can, of course, be modified in 

certain respects will ensure continuous handling of in 
sulated windings of the type described. Moreover, and 
what is also important, the apparatus assures recovery 
of the sealing agent, e.g. paraffin having a quality which 
makes it re-usable for sealing other windings to be in 
stalled in other casings after the one being processed 
has been completed. After the supply of vaporized 
washing medium, e.g. kerosene to the casing 4" has 
been cut off, e.g. after a 40 hour treatment under vac 
uum with vaporized kerosene at a temperature of from 
110°to 120°C, the vacuum pump 7 is contained in oper- . 
ation to assure removal of all liquid kerosene within the 
winding insulation and casing. Simultaneously with 
washing out of the sealing agent, the hot vapor also 
serves as a heat transfer agent to heat up and effect 
final drying of the windings. The casing 4" is now dis 
connected from the apparatus, followed by impregna 
tion of the windings with insulating oil with which the 
casing is filled. 
Another casing with the windings therein protected 

by the sealing agent is then connected to the apparatus 
and the process repeated. 
FIG.4, which is a cross-sectional view, depicts abun 

dle of nine conductor bars having a rectangular config 
uration which can be treated in accordance with the 
process of the invention. The eight outer conductor 
bars are denoted by numeral 1 and the inside conduc 
tor bar, surrounded by the outer bars, is denoted by nu 
meral 2. The individual copper conductor bars are in 
sulated by winding the same with paper tape, the paper 
insulation 3 consisting, for example, of 24 layers of pa 
per, each with a thickness of 0.05 mm. and wound onto 
the conductor bar in helically manner such as to estab 
lish an overlap factor of one-third. FIG. 4 also illus 
trates the structure of the stabilized conductor bundle 
after treatment with kerosene, but without indicating 
the kerosene-paraffin residues, if any, and without 
showing the structural components which hold the con 
ductors of the bundle in place. Any space not occupied 
by the conductor material itself and by the paper insu 
lation can, therefore, be taken up fully by the insulating 
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oil during the final re-drying and impregnation opera 
tion in accordance with the invention. 

FIG. 5 illustrates one portion of a high-power trans 
former structure which can be manufactured in a par 
ticularly advantageous manner when the process and 
apparatus of the invention are utilized. The upper yoke 
of the magnetic structure is designated by numeral 1, 
the lower yoke by 2, the core column by 3, the yoke 
lamination by 4 and the lower yoke lamination by 5. 
Upper and lower rings 6 support all of the windings, the 
supporting base is shown at 7, the upper and lower 
rings supporting the inner winding at 8, the outer wind 
ing by 11, supporting parts for the outer winding by 10, 
the inner winding by 12, the main insulation between 
the inner and outer windings at 9, horizontally extend 
ing oil ducts at 13, vertically extending oil duct at 14, 
the foot at 15, and the components for fine adjustment 
between the upper yoke laminations 4 and the upper 
support ring 6 being indicated at 16. The active part of 
the transformer, as depicted, for example, in part in 
FIG. 5 would be enclosed within evacuated casing 4", 
the windings 11 and 12 having previously been stabi 
lized by sealing with the selected sealing agent, e.g. par 
affin, so that the paraffin can then be washed out by the 
kerosene vapor. 

Stabilization of the windings by sealing with the seal 
ing agent takes place before the windings are assem 
bled into banks of coils on the magnetic structure. That 
is, the individual windings may be pre-fabricated at var 
ious times, especially if they are mass-produced, and 
sealed with the sealing agent, and thus can then be as 
sembled without regard to the humidity factor of the 
ambient air in which the assembly takes place. 
The unexpected and surprising technological im 

provements, which can be attained by the process of 
the invention, are caused by the product itself as well 
as by the process for the manufacture of this product. 
In contrast to the methods used heretofore, especially 
in contrast to the concept that it is not feasible to pro 
vide a preliminary impregnation of the prefabricated or 
assembled coils or banks of coils, and to remove such 
preliminary impregnation or sealing in such manner 
that it would not affect detrimentally the final impreg 
nation of the windings, the new process discloses a rela 
tively simple and economic method which solves not 
only the problem of a temporary seal, held to be inca 
pable of being solved, but also the other above dis 
cussed problems, with all advantages as offered by the 
process and resulting in a product of high quality. This 
product of a multi-step, time-oriented manufacturing 
process which can be produced, without being af 
fected, under all humidity conditions which may arise 
after the drying operation of the prefabrication pro 
cess, is distinguished by its freedom from impairment 
by humidity, especially so far as the paper insulation 
and the windings are concerned, with the result that the 
characteristics of the windings, stabilized in this man 
ner, are solely determined by the properties as condi 
tioned by the materials used and the production designs 
desired, and that these windings no longer are subject 
to uncontrolled influences which heretofore could not 
be eliminated by the protracted and costly production 
methods, but have now become feasible due to the fast 
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10 
and compact method of construction as proposed by 
the invention. 

I claim: 
1. The process for manufacturing electrical appara 

tus such as transformers and reactors consisting of coil 
windings mounted within oil-filled casings which com 
prises the steps of: 

a. wrapping the electrical conductors which are to 
form the windings with a tape of insulating mate 
rial; - 

b. winding the tape-insulated conductors into coils of 
the desired configuration; 

c. drying the coils; 
d. pressing the coils to their final size; 
e. sealing the coils with a sealing agent; 
f. assembling the dried, pressed and sealed coils with 

their magnetic structure to form the active compo 
nent of the electrical apparatus; 

g. installing the assembled active component within 
the casing provided therefor; 

h. washing out the sealing agent from the coils by 
means of a hot medium in its vapor state which 
condenses at and within the tape insulation mate 
rial and which also serves as a heat transfer agent 
to dry the coils; and 

i. impregnating the dried coils with the insulating oil. 
2. The process as defined in claim 1 for manufactur 

ing electrical apparatus wherein the insulating material 
used for wrapping the electrical conductors is paper. 

3. The process as defined in claim 1 for manufactur 
ing electrical apparatus wherein moisture-proof means 
are used as the sealing agent. 

4. The process as defined in claim 1 for manufactur 
ing electrical apparatus wherein paraffin is used as the 
agent for sealing the coils. 

5. The process as defined in claim 1 for manufactur 
ing electrical apparatus wherein fluoro-chloro telomer 
ization products are used as the agent for sealing the 
coils. ... ' 

6. The process as defined in claim 1 for manufactur 
ing electrical apparatus wherein the medium in its 
vapor state used for washing out the sealing agent from 
the coils is kerosene, 

7. The process as defined in claim 1 for manufactur 
ing electrical apparatus wherein the medium in its 
vapor state used for washing out the sealing agent from 
the coils is a fluorinated organic compound. 

8. The process as defined in claim 7 for manufactur 
ing electrical apparatus wherein the fluorinated organic 
compound used for washing out the sealing agent is 
taken from the group consisting of carbon fluorides, 
chlorocarbon fluorides, and fluorinated amines or 
ethers with the required boiling points. 

9. The process as defined in claim 1 for manufactur 
ing electrical apparatus and wherein the sealing agent 
includes an oxidation inhibitor admixed therewith. 

10. The process as defined in claim 8 for manufactur 
ing electrical apparatus wherein said oxidation inhibi 
tor is ditertiarybutyl-p-cresol (DBPC). 

11. The process as defined in claim 9 for manufactur 
ing electrical apparatus wherein said oxidation inhibi 
tor is 6-phenylnapthylamine. 
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