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METHOD OF MANUFACTURNG ELECTRICAL 
CONDENSERS 

Kenneth W. Jarvis, Winnetka, Ill. 
Application May 13, 1940, Serial No. 334,926 

(C. 29-25.42) 9 Claims, 
This invention relates to methods of manufac 

turing electrical condensers, particularly con 
densers of the type in which metal foils, plates 
or strips are insulated from but bonded to each 
other by a plastic dielectric material. 
The invention is not limited to but is particu 

larly adapted to the manufacture of condensers 
by winding two insulated metal foils into a coil, 
Spiral Wound Condensers have a low inductance 
and a relatively low resistance, for any given di 
electric material, when the metal foils are lat 
erally offset and the condenser terminals are 
welded or soldered to several points on or con 
tinuously along the rolled edges of the foils at 
the opposite ends of the wound assembly. Paper 
is not homogeneous but reasonable insurance 
against voltage breakdown has been obtained by 
employing two or more layers of paper between 
the metal foils as it is not probable that defects 
in adjacent paper layers, such as conductive im 
purities or minute air pockets, will be in alline 
ment. 
This type of condenser must be protected 

against surface leakage by extending the paper 
beyond the overlapping sections of the laterally 
offset foils. Surface leakage is determined by the 
distance from the edge of one foil, within the 
paper layers, to the portion of the other foil that 
projects beyond the paper. The extension of the 
paper beyond the overlapping foils is usually ap 
proximately is inch in the case of a low voltage 
condenser and may be more than A inch in the 
case of Condensers for use at 600 to 800 volts. 
Where a very low leakage is necessary, and par 
ticularly in the case of condensers for use where 
the humidity is high, the effective area of the 
foils, i. e. the overlapping areas, may be less than 
one-half the total area of a foil. This results in 
an expensive and bulky construction, and even 
then does not eliminate the danger of surface leakage. 
Some increase in protection against voltage 

breakdown and surface leakage may be had by 
impregnating the wound condenser with wax but 
this increases the manufacturing costs without 
affording real protection against damage from 
moisture. 

It has been proposed to form condensers by 
coating metal foils with insulating material, and 
winding the coated foils into a coil, but the pro 
posed dielectric materials were such that the 
processes were not practical commercially and/or 
would result in condensers of poorer quality than 
the known "paper' condensers that can be manu 
factured at less expense. The effective resistance 
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of a condenser with paper insulation is relatively 
high, and it is apparent that no substantial in 
provement over "paper' condensers can be at 
tained by employing dielectric materials having a 
higher conductivity and/or a higher dielectric 
hysteresis than paper. 
According to the present invention, the con 

ducting plates or foils of a condenser are coated 
with a moisture proof, low loss insulating mate 
rial in a solvent; and the coated materials are 
rolled, folded or placed in contact when the coat 
ing is surface dry but contains sufficient solvent 
to insure a bonding of adjacent insulating coat 
ings to each other, thus eliminating strains that 
might give rise to high dielectric hysteresis and 
resultant voltage breakdown after a period of use. 
Polystyrene, an artificial resin, is the preferred 
dielectric material as it has a power factor of 
about 0.04% while the power factors of other 
available insulating materials vary from about 
1% for vinyl acetate to about 14% for Celluloid. 
It has been proposed to use polystyrene films in 
place of paper in spirally wound condensers, but 
such films have contained air bubbles and could 
not be rolled into full surface contact with the 
metal foils. Furthermore, the films were me 
chanically weak and it was therefore necessary to 
use films of far greater thickness than was re 
quired for protection against voltage breakdown. 
The quantity of metal foil and double layer poly 
styrene films for a condenser of a given capacity 
was therefore far in excess of the quantity that 
would be necessary if the film thickness could be 
reduced to a value adequate for protection against 
voltage breakdown. 
An object of the present invention is to pro 

vide methods of manufacturing electrical con 
densers by coating portions of the complementary 
metal strips or foils with a solution of a low loss 
dielectric material, forming the coated strips into 
a compact assembly when the coatings are sur 
face dry but retain an appreciable quantity of 
the solvent, and maintaining the assembly under 
pressure until the adjacent layers coalesce by a 
redistribution of the solvent in the dielectric ma 
terial. An object is to provide methods of manu 
facturing electrical condensers from strips of 
metal foil by coating portions of the opposite 
faces and one edge of the foil with a plastic di 
electric material, and rolling or folding two coated 
foil strips into an assembly in which the uncoated 
edges of the respective folls project from opposite 
sides to receive terminal connections. An object, 
is to provide, in the manufacture of electrical con 
densers, methods of reducing the size of a con 



denser of a given capacity by restricting the 
thickness of the dielectric material to values de 
termined by the breakdown voltage and not the 
mechanical strength of the dielectric material. 
A further object is to provide methods of manu 
facturing condensers from coated metal foils, the 
methods being characterized by a reduction of the 
cohesive forces between the molecules of the coat 
ing material to values below that at which the 
coating material shrinks away from the edges of 
the coated foils. 
These and other objects and advantages of the 

invention will be apparent from the following 
Specification when taken with the accompanying 
drawings, in which: 

Fig. 1 is a schematic view illustrative of the 
conductor coating step of the invention; 

Fig. 2 is a perspective view of a conducting 
strip coated on portions of its opposite surfaces; 

Fig. 3 is a fragmentary section through a con 
ducting Strip or foil carrying a plurality of thin 
insulating coatings that extend across the edge 
of the strip or foil; 

Fig. 4 is a perspective view, partly in section, 
and with the thickness of the metal foil and di 
electric greatly exaggerated, of a condenser man 
ufactured in accordance with the invention; 
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constant up to at least 10 million cycles and prob 
ably to considerably higher frequencies, 
The thickness of the layer 3 of insulating ma 

terial upon the conductive member f... depends 
upon the concentration of the bath 2, and, for 
relatively thick layers 3 that are obtained when 
about 30 parts of polystyrene are dissolved in 100 
parts of solvents such as benzol, toluol or xylol, 
the cohesive forces between the molecules of the 
material Overcome the adhesion of the insulat 
ing film to the metal and the film ruptures at the 
end and edges of the metal as the solvent 

It has been proposed to maintain 
the continuity of a coating around the edge of a 
metal strip by rounding the edge of the strip, but 
this method is practical only when the strip has 
a thickness of about is inch. I have found that 
the adhesion of the coating plastic to a metal foil 
is not greatly influenced by the thickness of the 
Coating but that the cohesive forces that tend to 
rupture the film decrease approximately with re 
ductions in the film thickness. Thin films of poly 
styrene, such as obtained with solutions contain 
ing about 2% by weight of solid material, adhere 
to thin metal foils to produce coatings that cover 
the edges of the foil. The films are extremely 
thin, possibly of the order of 45000 of an inch, 

Fig. 5 is a curve sheet showing the relation, 
with respect to time, of the quantity of solvent in 
the insulating coating and the adhesive bond be 
tween the coating and the foll; 

Fig. 6 is a curve sheet showing the distribu 
tion of the solvent throughout the insulating 
coating when the coating is surface dry and after 
an appreciable time, respectively; 

Fig. 7 is a fragmentary perspective view show 
ing another method of extending the insulating 
coating over the edges of the metal foil; 

Fig. 8 is a diagrammatic view of apparatus for 
the manufacture of spirally wound condensers; 

Fig. 9 is a transverse view on line 9-9 of 
Fig. 8: 

Fig. 10 is a fragmentary diagrammatic view 
showing an alternative method of insulating the 
cut end of the coated foil; 

Fig. 11 is a sectional view of the cut end of a 
coated foil; 

Fig. 12 is a fragmentary sectional view through 
adjacent layers of a wound condenser; 

Fig. 13 is a schematic end view showing the 
method of insulating the Outer ends of the metal 
foils; 

Fig. 14 is an exploded perspective view illus 
trating the step of attaching terminals to a wound 
condenser; and 

Fig. 15 is a fragmentary schematic view illus 
trating a method of folding coated foils to form 
a Condenser. 
As shown diagrammatically in Fig. 1, the press 

ent invention contemplates the coating of por 
tions only of the opposite surfaces, and preferably 
of the adjacent edges of a metal foil or strip by 
immersion in a solution of an insulating man 
terial in a solvent. The preferred insulating man 
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but continuous layers 3a of greater thickness may 
be obtained by repeating the coating step to build 
up laminations that merge to form a thick homo 
geneous layer, see Fig. 3. The thickness of the 
dielectric layer determines the breakdown volt 
age of the condenser and repeated coatings are 
required only when the condenser must stand 
high voltages as layers deposited from thin solu 
tions are homogeneous and free from air bubbles. 
A plurality of metal strips , with coatings 3a. 

that are continuous around the sides and end of 
the strips, may be assembled into a condenser, as 
shown in Fig. 4, by arranging the bare ends of 
the metal strips in alternation at opposite sides 
of the assembly, the coated portions of the strips 
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terial is a water-clear polystyrene which has a 
power factor of about 0.04% and is resistant to 
acids, alkalies and moisture, but it is to be under 
stood that other resins, for example vinyl acetate, 
or mixtures of resins may be used when a mini 
mum power factor is not essential. For sim 
plicity of description, only polystyrene will be 
discussed in detail in the following specification. 
The dielectric constant of polystyrene is about 
2.6, and I have found that the value remains 
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being superposed. The coated strips are pref 
erably stacked as soon as the coatings are sur 
face dry and before the solvent is completely 
evaporated, as I have found that the adjacent 
film surfaces will then soften and unite through a 
redistribution of the solvent within the poly 
styrene films. 
The quantity of solvent within the polystyrene 

films varies with time, as shown by curve A of 
Fig. 5, and an appreciable amount of the solvent 
is present in the polystyrene films at a time, in 
dicated by line a-a, when the surface is dry 
and can be touched without adhesion. The films 
have a high degree of elasticity and a high co 
efficient of adhesion to the foil when surface dry 
and for an interval up to a time, indicated by 
line b-b, at which the major portion of the sol 
vent has left the film. During this interval, 
which may vary from a few seconds up to pos 
sibly 30 seconds, depending upon temperature, 
the thickness of the films, the concentration of 
the coating bath, etc., the metal foil and its 
coating may be folded, bent or rolled without 
separating the film from the foil or breaking or 
Cracking the film. The condensers are therefore 
assembled or wound during this interval when 
the insulating films are surface dry but still con 
tain an appreciable quantity of solvent. The sur 
face dry films slip readily upon each other during 
the stacking or rolling of the coated metal foils, 
but the contacting surfaces soften quickly and 
unite to form a homogeneous layer of polystyrene 
that bonds the adjacent foils to each other. The 
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engagement of the surface dry layers does not 
establish any strains in the dielectric layers as 
the coated strips or folls may slip upon each 
other during folding or rolling operations without 
destroying the adhesive bond between the film 
layers and the metal strips. 
This union of the surface dry films is ex 

plained by the curves of Fig. 8 which show the 
relative quantities of solvent at different por 
tions of the insulating layer. Curve B shows the 
distribution and quantity of solvent within the 
layer at a time corresponding to line a-a of Fig. 
5 when the coating is surface dry, and curve C 
shows the distribution and quantity of Solvent at 
a subsequent time when the solvent is reduced to 
its minimum quantity. It will be apparent that 
the total quantity of solvent, Within the surface 
dry film, as represented by the area under the 
curve B, is sufficient to soften the surface portion 
when in contact with a similar dry surface of 
another freshly coated foil. The rate of drying 
may be controlled by the selection of the solvent, 
the thickness of the films, and the temperature 
and speed of air currents at the surfaces of the 
coated foils. 
condensers are wound by machinery, as Will be 
described later, as the coated retal foils must 
he surface dry to pass freely over guide rollers. 
The characteristic property of freshly prepared 

but surface dry polystyrene films, i. e. of coales 
ciing when placed in contact, may be used to ex 
end the insulation over the edges and end of the 
gietal strip B by rolling or pressing the coated 
strips as soon as the coating 3 is surface dry. 
his step, as illustrated in Fig. 7, Inay be effected 

by passing a coated strip, Such as shown in Tig. 
2, between roilers S in the direction of the arrow 
a. The surface dry, out still plastic, layers of 
poiystyrene 3 at opposite faces of the net21 Strip 
3 are forced outwardly to unite at the edges of 
tha Strip to form a contiALLOS homogeneous 
coating 3t. 
The inventicn is particularly adapted to the 

rianufacture of spirally Wound condensers by 
apparatus. Such as shown diagrammatically in 
Figs, 3 and 9. Aietal foils ca, b are dra Wil from 
rolls a, a, respectively, and pass over rubber 
coated guide rollers 30, 36 to dip into Solutions 
3 of polystyrene in tanks 30, 3b. She metal 
foils pass over inclined guide rolei's Od, 36 in 
the 2nks out, are not corapletely sub: nerged. The 
coating oath and the drying conditions are SG 
regulated that the coatings are surface dry be 
fore reaching the guide rollers 3d, 3b at the exit 
sides of the tanks. When the foils are dipped 
a plurality of times, they ase passed between 
sets of inclined rollers 3d, 5t, respectively, to 
press the coatings towards the lower edges of 
the foils prior to the final passage through the 
coating solutions. The foils (, b are twisted 
in opposite directions as they paSS from the last 
guide rollers to the feed collers Aa, to, respec 
tively, to place the uncoated edges of the foils at 
opposite ends of the Wound assembly that is to 
beformed on the split, mandrel 2. 
The end of one coated foil, for example the 

foil a, is passed through the slot in the mandrel 
52, and the mandrei is rotated one or more com 
plete turns before the folded end of the other 
foil is inserted into the bight of the foil a on 
the mandrel. The coated foils are tightly 
Wound upon each other by driving the mandel 
a 2. through a slip coupling that tends to over 
drive the feed of the coated foils by the feed 
rollers la, i? b, and by a rubber coated roller 

Rapid drying is essential when the 
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3 that is pressed against the winding foil layers 
by a spring 4. The folding of the ends of the 
coated foils is necessary to insure adequate insu 
lation of the cut and ragged ends at of the 
coated folls, see Fig. ii. Alternatively, a folded 
strip 5 of insulation may be placed over the 
end of the foll b, as shown in Fig. 10. 

Either one of the foils, for example the foil b, 
is cut when the wound assembly has the desired 
capacity and is foided back upon itself to insulate 

...the raw end of the conducting strip. The other 
foil may be cut and folded back in the same man 
ner but preferably, as shown in 3ig. 13, the sec 
Ond foil is continued for some distance beyond 
the end of the first foil, &nus providing a shield. 
ing for the assembly. A quick-drying adhesive 
2', that may be a polys&yrene solution, is applied 
to the end of the outer foil to bind the outer 
turn to the wound assembly. The contacting 
film layerS soften during the winding operation 
and the union of the layers starts at once under 
the pressure incident to the close winding of the 
foils. The coalescing of the film layers doubtless 
continues for Sone time out the cordease inay 
be removed £rom the machine as scon as the 
Outer turn is pasted iown. 
The preferred form of iteriniinal for the sgia 

condenser is & Wire S having a spirally jound 
base that is secured to the end of the bare foil 
by dipping the terminai in (noiten solder and 
pressing it agains, the coiled. Soil. The Solder 
fuses to the foil before cooling, and establishes , 
direct netalic connection batWeen the tearninai 
and various points along the foil edges has aire 
forced into engagement by pressure applies: oy 
the terminal. 2 he condense inay be finished y 
inserting it in a paper tube and uirining down 
the ends of the tuce, or nay is used without, fine 
& dided p3p3rtue. 
A Surface dry condition of the insulating layers 
afore reaching the Sihandrs is 2ssential to 32 

rait the coated foils to slip Igor each other as 
tiley ate Wound into the 32irai asseinily, is 
preciuding high nechanicai strains that Saight 
buckle of break tiae coated foils, but, he sciyesai, 
Within the Surface dry layers softens and 2:hias 
the contacting layers. The insulating coatings 
extend Over the edges of the foils an air is 
cluded by the Winding piocess. This i?ai as 
sembly is therefore air tight; and moisture proof, 
2nd the only leakage paths are along the eg 
3rio or interior cylindricai surfaces 3; he tulu. 
lar body. 
The coated foils (i, Ab (nay ee assainoled i. 

compact, relation by running the strips &ogether, 
as shown in Sig. 15, and folding the dollabled strip 
back and forth. The zig-zag folding is coin 
mercially practical Withou, danage to the foils 
or the insulating coatings as the surface dry ligns 
slip readily upox each other. he coated foils 
are laterally offset as previously described, to 
Superpose the coated portions While ieaving the 
bare ends o the foil exposed to receive kernina. 
connections. 

the thickness of the polystyrene coating may 
be regulated, by varying the concentration in 
the coating Solution, in accordance with the de 
sired breakdown Voitage. This is possible as the 
characteristic of polystyrene of infinite solution 
insures continuous homogeneous films of minute 
thickness. A microscopic examination of films 
of the order of 400,000 inch and less shows no 
holes, bubbles or cracks. The film thickness may 
therefore be reduced for low voltage condensers, 
and the quantity or length of the metal foils may 
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be correspondingly reduced as the capacity in 
creases with a decrease in the spacing of the 
metal foils. The quantity of material in a con 
denser of a given capacity has not been important 
under prior practice, as the major part of the 
total manufacturing costs has been the labor cost 
but, with the development of automatic ma 
chinery for winding condensers, the cost of 
materials is of greater importance, 

Additions may be made to the polystyrene solu 
tion for special purposes, for example to increase 
the adhesion forces and decrease the cohesive 
forces that tend to shrink the coatings away from 
the edges of the foil. Such additions are gen 
erally undesirable as they increase the power 
factor, but small amounts of an addition agent 
such as a lead soap, in quantities up to say 5%, 
will increase the mechanical characteristics of 
the insulating film without raising the power 
factor beyond about 0.5%. A power factor of 
this low magnitude is substantially better than 
that obtained by any previously used dielectric 
materials other than quartz or strips of poly 
styrene. 
Condensers manufactured by the described 

processes are characterized by low power loSSes 
and freedom from damage from moisture, acids 
and alkalies. Polystyrene, either alone or mixed 
with other polymerized resins or addition agents, 
is preferred but some of the advantages of the in 
vention are retained when less desirable dielectric 
materials are used. It is therefore to be under 
stood that various changes are possible in the de 
scribed steps and materials without departure 
from the spirit of my invention as set forth in 
the following claims, 
The condensers manufactured by the described 

processes are more particularly described and 
claimed in my co-pending application Ser. No. 
334,927, filed May 13, 1940. 

claim: 
1. The process of manufacturing an electrical 

condenser that comprises insulating a plurality of 
metal strips by coating the same with poly 
styrene in solution in a solvent, evaporating the 
solvent until the coatings are surface dry, then 
assembling the coated strips in superposed rela 
tion with the polystyrene coatings of adjacent 
strips in contact, and maintaining the assembly 
under pressure to unite the contacting poly 
styrene coating through a redistribution of the 
solvent then present in the contacting coatings. 

2. The process of manufacturing an electrical 
condenser that comprises coating an edge and 
the adjacent surface portions of two strips of 
metal foil with a solution of polystyrene in a 
solvent, the concentration of the solution being 
above the value that results in a shrinking of the 
polystyrene coatings from the edges of the foil 
strips, pressing the coated strips to displace the 
polystyrene coatings over and into contact at the 
edges of the foil strips when said coatings are 
surface dry and contain a substantial quantity 
of solvent, and assembling the strips with the 
coated portions thereof superposed and in Contact 
while the solvent content of the coatings is 
above the value at which the contacting Sur 
faces of adjacent coatings are softened and 
united by a redistribution of the solvent within 
the coatings. 

3. The process of manufacturing electrical con 
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densers that comprises drawing metal foils from 
a pair of rolls of foil, coating one edge and ad 
jacent portions of the opposite surfaces of each 
foil. With polystyrene dissolved in a solvent, evapo 
rating the solvent until the coatings are surface 
dry, rolling the coated foils upon each other with 
the coated portions superposed and the uncoated 
edges Of the respective foils extending at 0pa 
posite sides of the Superposed coated portions, 
cutting one foil and folding it back to cover the 
cut end with the COating upon that foil, Winding 
the other foil upon the rolled assembly to a point 
beyond the folded end of the first foil, cutting 
the other foil and Securing the end thereof to the 
rolled assembly, 

4. The process as claimed in claim 3, wherein 
the rolling of the coated foils is initiated by wind 
tag at least One full turn of one foil, folding 
back the end of the other foil upon itself to 
cover the cut end of the foil, and inserting the 
folded end of the Second foil between the Wound 
turn of the first foil and the portion thereof 
leading to the Wound turn. 

5. The process as claimed in claim 3, wherein 
the rolling of the coated foils is initiated by 
Winding at least one full turn of one foil, plac 
ing a folded strip of insulating material upon 
the cut end of the other foil, and inserting the 
folded strip and end of the second foil between 

80 the wound turn of the first foil and the portion 
thereof leading to the Wound turn. 

6. The process as claimed in claim 3, wherein 
the cut end of said other foil is secured to the 
rolled assembly by coating the cut end with an 

3S adhesive. 
7. The method of manufacturing electrical 

condensers from long strips of metal foil that 
comprises dipping an edge portion of each of a 
pair of foil strips in a solution of polystyrene 

60 in a solvent, whereby the opposite edge portion 
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of each strip is left uncoated, evaporating the 
Solvent until the coatings are surface dry, ar 
ranging the COated strips in contact with the 
coated portions allined and the uncoated por 
tions at opposite sides of the assembly, and fold 
ing the strips back aid iforth to interleave the 
strips in a zig-zag assembly, the outer ends of 
the uncoated portions of the foils being adapted 
to receive terminal connections. 

8. In the manufacture of electrical condensers, 
the method of sealing the overlapping portions 
of two metal strips against the entrance of mois 
ture that comprises coating those face and edge 
portions of the strips that are to overlap with 
polystyrene in an air-drying solvent, evaporating 
the Solvent until the coated portions are surface 
dry, then arranging the strips with the said coated 
portions overlapping, and pressing the Overlap 
ping portions of the strips together to unite the 
coatings by the solvent within the surface-dry 
coatings. 

9. In the manufacture of electrical condensers 
by coating the component metal stripS with in 
sulating material, the method of obtaining con 
tinuous coatings over the Surfaces and edges of 
the strips which comprises dissolving polystyrene 
in a solvent, adding lead soap to the solution 
to reduce the cohesive forces developed in the 
coatings during evaporation of the solvent, and 
dipping the strips in the solution. 

-- KENNETH. W. JARVTS, 


