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This invention relates to electrolytic condens 
ers of the type having a large area of anode sur 
face in a small space, and more particularly but 
not exclusively to such condensers having a tu 
bular metal container the walls of which serve 
as a cathode, 

Heretofore it has been proposed to fold, corru 
gate or crimp strip-like or tubular anodes and 
also to provide rod-like anodes with projecting 
fins or geometric designs in order to increase the 
anode area in a given space. It has further been 
proposed to etch, emboss, or roughen the anode, 
thus increasing the effective area and thereby 
obtain more capacity in a given container or can. 
Prior anode structures having corrugations or 
the like, can be divided into two classes. In the 
first class the corrugations are open and their 
depth is comparable with the spaces between ad 
jacent corrugations. This results in only a mod 
erate increase in anode area and capacity. In 
the second class the corrugations are close, that 
is, the Spaces therebetween are small relative to 
the depth of the corrugations. 
While anodes of the Second class may provide 

several times the area of anodes of the first class, 
I have found that the close or deep corrugations 
proposed heretofore have the serious defect of 
increasing the equivalent series resistance of the 
condenser and thereby increasing its electrical 
losses. 
tice, the sides of a deep corrugation tend to bow 
away from each other near the apex of the fold 
and to close up the open space opposite the apex 
of the fold, thereby forming a bottle neck. The 
relatively small, narrow cross-section of electro 
lyte in such bottle neck offers a high resistance 
to the Condenser current and inasmuch as elec 
trolyte resistance is an important factor in the 
equivalent series resistance of a condenser, such 
resistance is unduly increased. 
The equivalent Series resistance or power fac 

tor of an electrolytic condenser is made up of 
three factors, namely, the resistance or losses 
within the dielectric film, the contact resistance 
of the electrolyte to the cathode, and the elec 
trical resistance of the electrolyte. The dielec 
tric film is composed of a thin layer of anhydrous 
and hydrated metal salts in intimate surface 
contact with the anode. It has been found that 
the resistance or dielectric losses within this 5 
metal salt layer are very small and the phase 
angle difference of the condenser due to Such 
dielectric losses is only a small fraction of a de 
gree (about two or three minutes). The second 
factor, or cathode-to-electrolyte contact resist 
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ance or loss, has been found to be reasonably 
small and the phase angle difference of the con 
denser due thereto may be of the Order of One 
degree or less, and can be reduced materially by 
using suitable cathode metals, such as copper, 
nickel, chromium or other non-filming metal. 
The third factor, or electrical resistance of the 
electrolyte, gives rise to much greater phase an 
gle differences than the first two factors com 
bined, such differences being about five to nine 
degrees for electrolytes adapted for Operation at 
several hundred volts. Hence the electrolyte re 
sistance is the determining factor and a low re 
sistance path through the electrolyte will result 
in a low phase angle difference and correspond 
ingly low equivalent series resistance in the con 
denser. This becomes increasingly important in 
condensers for higher operating voltages because 
such condensers require electrolytes of relatively 
high resistivity. For instance, the electrolyte for 
a 450-volt condenser may have a resistivity of 
about 550 ohms per cm. cube; for a 475-volt con 
denser the resistivity may be about 700 ohms per 
cm. cube; and for a 500-volt condenser it may be 
about 950 ohms per cm. cube; all said resistivities 
being measured under the same conditions. It 
can be seen from such examples that the resis 
tivity of the electrolyte is increased in greater 
proportion than the Voltage and that the detri 
mental effect of bottle necks or other restrictions 
in current paths through the electrolyte is of 
special importance in high Woltage condensers. 

It is an object of the present invention to pro 
vide maximum of an electrode, in particular of 
e.g. the anode area in a given space without ma 
terially increasing the equivalent series resist 
ance or power factor over that of a condenser 
having an uncorrugated anode or an anode with 
open corrugations. 
This object is accomplished according to one 

feature of the invention by pleating the anode 
so that the folds forming the pleats are as sharp 
as possible and so that the sides of the pleats 
form Small acute angles With each other. I have 
found that such pleating keeps the sides Substan 
tially straight and prevents the bowing and bot 
tle necks above mentioned. Preferably the acute 
angle is not less than five degrees; or, in other 
Words, the triangular open Spaces between pleats 
preferably should have a base of at least about 
one-tenth the altitude or depth of pleat. 
Another feature of the invention that contrib 

utes to realization of the above object relates 
particularly to pleated anodes for insertion in 
the usual round type of condenser cans of given 



2 
diameter. According to such feature, the depth 
of pleat is so related to the given outside diam 
eter of the anode that maximum capacity is ob 
tained consistent with maintaining a given an 
gle or triangular space between pleats. 
Another object of the invention is to reduce 

the equivalent Series resistance of condensers, 
e.g., of the types above mentioned. This is ac 
complished by giving the anode a ring or annular 
shape and providing a, preferably, Cylindrical 
cathode surface both inside and outside thereof, 
also by insulating the electrodes So as not to ob 
struct the current paths. 
Another object is to dispose a plurality of 

anodes in low resistance relation to a Cathode 
Surface. 
Another and related object of the invention is 

to improve the mounting of anodes in condenser 
cans, such mountings being mechanically inde 
pendent of the anode lead or terminal. 
A further object is to improve anode terriniinal 

connections. 
Another related object is to improve the Oper 

atting characteristics of electrolytic Condenser's 
known as the voltage-regulating type. 
Other objects and advantages of the invention 

will be apparent from the following detailed de 
scription of certain embodiments thereof, in Con 
nection with the accompanying dra Wings in 
which, by way of examples, 

Fig. 1 is a cross-section of an assenbled COIl 
denser embodying the in Vention. 

Fig. 2 is a perspective view of a preferred form 
of pleated anode with a terminal connected there 
tO. 

Fig. 3 is a perspective view of an insulator for 
use between anode and cathode. 

Fig. 4 is a detail perspective view showing a 
Inethod of forming a tab connection. 

Fig. 5 shows the preferred shape of allode pleats, 4 
greatly magnified. 

Fig. 6 is a diagrammatic showing of the re 
sistance paths between the anode and cathode in 
a condenser having a bettle-necked corrugation 
as above mentioned. 

Fig. 7 is a graph showing the total length of 
anode foil for various depths of pleat of given in 
cluded angle that can be disposed in a given di 
ameter circle or container. 

Figs. 8 and 9 are cross-sections of other as 
sembled condensers embodying the invention. 

Fig. 10 is a partial Section of a cathode support 
and valve for relieving pressure from a condenser. 

Fig. 11 is a partial section of an assembled con 
denser embodying the invention and illustrates : 
means for mounting the same. 

Fig. 12 is a cross-secticinal view of a modified 
form of anode mounting. 

Fig. 13 is a cross-sectional view of an assen 
bled condense having a plurality of anodes a,c- 
cording to the invention. 

Similar reference nuanerals indicate siilar 
parts throughout all the figures of the drawings, 

Referring particularly to Fig. 1, the container 
20 which also may be a cathode, coin prises ail 
integral mounting type can having an extruded 
threaded portion 2 and a deformable neck 22 for 
hermetically sealing an anode rod 23 with a Soft 
resilient bushing 24. The bushing may be a rub 
ber stopper having a hole therethrough and is 
positioned on the anode rod. Within the defornin 
able neck 22, which is then indented or pressed 
inwardly such as by rolling, spinning, staking or 
the like, producing a liquid tight Seal. An inner 
container or cathode 25 which may be a pressed 
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2,248,814 
aluminum can, extends inside the can 20 and has 
an outwardly flanged top 26 which serves as a 
cover extending over a flange 27 on can 23 and is 
roll-seamed or pressed therewith. The joint of 
the two cans may be made Self-venting by the in 
clusion of a plastic filled gasket 28 such as plas 
ticized or wax impregnated paper or gauze. An 
annular pleated anode 30 is disposed in the an 
nular space between cans 2 and 25 and is in 
Sulated therefron by a top washer 3 of U-shaped 
cross-section. The anode is further insulated at 
its opposite end by a cup-shaped washer 32 which 
Surrounds the bottom of inner cathode 25, and 
by a third cup-shaped Washer 33 disposed in 
the bottom of outer cathode 2). A hole for lead 
23 is provided in Washer 33 in alignment with 
the extruded neck 22 and with the insulating 
bushing 24. The washers may be made of 
any suitable insulating material Such as per 
forated hard lubber, Celluloid or the like which 
may be pressed to shape. Alternatively, two or 
more elastic bands 34 may be placed around the 
inner can 25 and similar bands 35 placed around 
the outside of the anode 30. In such case flat in 
Sulating washers may be used instead of the cup 
shaped Washers of Fig. 1. The inner container 
25 may be provided with projections or a rolled 
out step 38 which engages washer 3 and fur 
ther Secures the anode in position. The anode 
terminal or lead 23 may be upset or provided with 
a bOSS as shown at 37 and riveted over anode tabs 
A 9 as indicated at 33. Fol circuit connections, a 
solderable lug 4 is secured to the outer end of 
the anode lead 23 Slich as by staking. 
A structure of anode 3e is more clearly ex 

emplified in Figs, 2 and 4 in an inverted position. 
It is made of thin sheet metal of a width equal to 
the height of the anode. To for in the anode a 
metal sheet or strip is bent backwards and for 
Wards upon itself or is passed through a pair of 
toothed rollers or gears. The pleats thus formed 
may be made with a large angle and then pressed 
together to the desired angle, or pressed to make 
the folds as sharp as possible and to make the 
pleats flat. Then the pleated Strip may be 
stretched out sufficiently to give the desired tri 
angular Space between the pleats and the desired 
angle at the fold or apex as more fully described 
below. 

For the annular form of anode illustrated in 
Fig. 2, a pleated strip is bent into the form of a 
ring With its meeting edges joined together. The 
joining may be done by meshing the end pleats 
but if a. mcre secure arrangement is desired, one 
meeting edge may be provided with slots 42 in the 
end fold, which slots are adapted to be engaged by 
tongues 43 in the other meeting edge as shown in 
Fig. 4. Bending the tongues backward upon 
themselves then locks the meeting edges together. 
A strip or tab 4, as more clearly shown in Fig. 

4, is cut from the pleated anode leaving a space 44. 
The tab is twisted or bent into a horizontal posi 
tion as indicated at 45, 46, and 47, thus placing the 
tab in a horizontal radial position extending to 
the center of the anode. If desired, a second 
Strip or tab () is formed diametrically opposite 
the first tab as shown in Fig. 2. The tabs may be 
joined together and secured to the terminal 23 
Such as by riveting or welding. A suitable film 
forming and film-maintaining electrolyte is indi 
cated at 59 in Fig. 1 as substantially filling the 
Space between cans 28, 25 and covering the top 
of anode 30. Such an electrolyte may comprise 
a Solution or ester of a weak acid or weak acid 
Salt as is well known. 
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Instead of using insulating washer or elastic 

bands as shown in Fig. 1 or perforated tubular 
insulation as described below, insulating pieces 
such as shown in Fig. 3 may be inserted between 
the anode and the cans. This insulating piece 
5 is cut in the form of an E with spaces left at 
52 to provide substantially unobstructed current 
paths to the cathode. The material is preferably 
very thin sheet rubber or Celluloid and is pro 
vided throughout with small perforations such as 
shown at 53. Such E-shaped piece may be bent 
into a circular arc and thus provide three up 
standing or circular strips 54 spaced about the 
container or anode for maintaining the anode 
and cathode surfaces in insulated, closely spaced 
relation. 

Fig. 5 shows, on enlarged scale, the preferred 
shape of anode pleats forming spaces 55 each of 
which is an isosceles triangle, the base being at 
least about one-tenth the altitude and the peak 
or apex 56 being preferably as sharp as possible. 
If the pleats are A, inch deep, for instance, the 
minimum opening at the base of the triangular 
space 55 should be about .05 inch, for the said 
ratio of depth to base. 
proportions may be used for other depths of pleat. 
The sides 57 of each pleat taper uniformly from 
the base toward the apex and the included angle 
between the sides may be about five or six de 
grees, which is the desired minimum. For angles : 
of less than five degrees or for less space across 
the base, the condenser resistance or phase angle 
difference will increase unduly because in such 
case the width of the current path will be insuff 
cient to carry all the current for the electrode 
area formed by the sides of the pleat, which cur 
rent must pass through the base of the triangular 
body of electrolyte. I have found that the above 
minimum proportions prevent the creation of too 
high resistance in such triangular body. Also the 
straight uniformly converging sides maintain the 
proportion up to the apex of the angle. 
The dotted lines in Fig. 5 indicate how Such 

a triangular pleat according to the present in 
vention provides straight, direct, uncongested 
paths from every part of the anode surfaces to 
the adjacent cathode surfaces 58, all said cur 
rent paths being in parallel both physically and 
electrically, and having Sufficiently large croSS 
Section. So as to offer low resistances. 
vision of cathode surfaces on both sides of the 
pleated anode make such paths available to pleats 
opening in opposite directions as indicated in 
Fig. 5. The result is a very low resistance 
through the electrolyte between the entire an 
Ode and cathode Surfaces. 

In contrast, Fig. 6 illustrates what happens in 
practice when corrugations are formed with a 
relatively large radius of fold R. or when at 
tempting to make the sides of the corrugations 
parallel. The resilience of the metal in adja 
cent folds closes the opening of the corrugation 
therebetween, at least partially, thus forming a 
bottle neck N of small cross-section and relative 
ly high resistance. The individual current paths 
C from the anode surface within the corruga 
tion converge at the bottle neck N so that the 
high resistance path P therethrough is effective 
ly in series with the paths C. After passing 
through the bottle neck the individual current 
paths spread out toward the cathode S. Hence 
there are two factors by which such bottle necks 
unduly increase the equivalent series resistance 
and losses of a condenser, first the high series 
resistance common to all the individual cur 
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3 
rent paths, and second, the lenghtening of Such 
paths by forcing them to converge and then 
diverge. Both of these factors are avoided in 
pleated anodes according to the present in Ven 
tion as illustrated in Fig. 5. 
When such a pleated anode 30 is to be bent 

into a ring of given outside diameter as ShoWn 
in Fig. 2, the depth of the pleats is not fixed and 
they can be deep or shallow as desired. How 
ever, I have found that for a given outside diam 
eter of anode, foil thickness, and minimum in 
cluded angle of pleat, there is an optimum depth 
of pleat which will give a maximum total length 
of anode foil within a given outside diameter, 
and therefore Will give maximum capacity in 
the given space. If the depth is greater than 
such optimum the inside circumference of the 
anode ring will be smaller and the bases of the 
triangular spaces will be larger, hence the num 
ber of pleats in the anodering Will be decreased 
by both said factors. On the other hand, for 
less than optimum depths of pleat, the loss of 
depth overcomes the advantage of increased 
number of pleats that can be placed in the anode 
ring. 
Two examples of the length of anode foil for 

various depths of pleat are shown graphically in 
Fig. 7 and illustrate the optimum depth of pleat 
for each example. Curve A is for a 1% inch di 
ameter container in which 4 inch is allowed 
for anode insulation and clearance, thereby mak 
ing the given outside diameter of the anode 
14 inches. Curve B is for a one inch diameter 
container having a 6 inch diameter anode. In 
both cases the anode foil is .005 inch thick and 
the pleats which Open in Ward have the minimum 
triangular space proportioned as shown in Fig. 
5. From the curves, it is apparent that thirty 
inches of anode foil can be disposed within a 
14 inch diameter circle if the depth of pleat 
is between .160 and .230 inch. Similarly, from 
curve B it is apparent that eighteen inches of foil 
can be disposed in a % inch diameter circle if 
the pleats are about .140 inch deep. 

By sacrificing an inch Or So of foil length a 
wider range of depth of pleat is made available, 
but even so the anode surface Will be large rela 
tive to the space occupied and the condenser re 
sistance will be kept low. Obviously, if a certain 
depth of pleat is desired to be made standard 
for simplicity of manufacture, an average depth 
of pleat may be chosen which will be approxi 
mately the optimum for containers of several 
different diameters. Also, the advantages of the 
present invention may be substantially realized 
even if larger pleat angles than five or six de 
grees are employed. For example, it may be de 
sired to obtain minimum resistance and power 
factor with less than the maximum obtainable 
capacity in a given container. In Such case a 
larger pleat angle can be chosen so that the ca 
pacity will be maximum for that angle. 

Fig. 8 shows a container 60 with a threaded 
mounting extrusion 6 at the bottom thereof 
and a bead or shoulder 62 near the top. An in 
ner tubular cathode 63 having an outwardly 
flanged portion 64 and an upwardly flanged por 
tion 65 rests upon shoulder 62. The inner tube 
is supplied with holes 66 to allow for equaliza 
tion of the pressure inside and outside thereof. 
A cover 67 having an upwardly turned edge 68 
and an extended portion 69 with vent holes TO, 
is roll-seamed with the top edge of container 
60. A diaphragm gasket 72 such as rubber, ex 
tends across the top of container 60 and makes 
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a liquid tight Seal i3 as a result of the roll 
Seaming Operation. The diaphragm is Supplied 
With a pin hole 74 to allow the escape of gas. 
An anode 30 such as shown in Fig. 1 is supplied 
With tabs 75 which extend radially to the center 
and are secured, Such as by riveting, to a risei 
bar 6 having a flattened portion it. The an 
ode is insulated from the container G by in 
Sulating cups 3, 32 and 33, such as Were de 
Scribed in connection with Fig. 1. A tapered 
rubber bushing 24 having a hole therethrough 
for the riser bar 6 is forced into position in the 
neck of the container, for instance, by pulling 
the bushing through froin the outside. A solder 
able terminal 78 in the form of a washer having 
an extruded neck is secured to the risel bar 6 as 
by staking at 73. Terminal 8 is supplied with 
holes 89 for engaging wire terminals. The inner 
tube 63 may have an outwardly flared bead 8 
resting against the insulation 3 for securing the 
anode in position. This bead may be replaced 
by Outward indentations of the inner tube. 

Fig. 9 shows a container 85 with an extruded 
threaded neck 86 and an outwardly flanged top 
portion 8 which is roll-seamed to the edge of a 
cover 88. A sealing gasket 89, such as rubber, 
is inserted between the cover and the container 
flange 87. An inner cathode 90 having an in 
wardly flanged top 9 and a hole 32 is secured 
to the cover such as by rivets 93. A correspond 
ing hole 94 in the cover is in alignment with hole 
92. A diaphragm gasket 85, such as rubber, is 
placed between flange 9 and cover 88, and is 
Supplied with a pin hole 74 for relieving pressure 
Within the container. Holes 66 equalize the pres 
Sure Within the container. The cover 88 is in 
dented to sink the rivets 93 below the end of 
the unit. In the Fig. 9 construction, an anode 
9 has circular pleats in a horizontal position. 
The Spacing between the pleats is preferably at 
least about one-tenth the depth of the pleat for 
reasons explained above. These pleats may be 
obtained by rolling a metal tube, such as alumi 
num. Anode 97 is insulated from the inner and 
outer cathode surfaces by insulating sheets 98 
which may be perforated hard rubber or Celluloid 
bent into tubular form. The anode is supplied 
With tabs 99 which are bent inwardly to engage 
the riser rod G between the boss 0 and the 
riveted-over portion 2. 
bushing 33 insulates the boss on the riser rod 
from the container. An insulating plug 94, hav 
ing a shoulder 5, is fitted within the neck 86 
of the container. The riser rod 00 extends 
through centrally located holes in bushing 3 
and plug 4 and is Secured in liquid tight seal 
by pressure exerted between boss C and the 
outer end of neck 86, by forcing a terminal 6 
onto the riser bar f0. An extruded portion 9 
of the terminal is So shaped as to bite into the 
riser bar. Terminal 66 is supplied with solder 
able lug extensions 8 for electrical connection. 
The inner insulating tube 98 extends from the 
cover 88 substantially to the tabs 99 thereby in 
Sulating the tabs from the inner container 9) 
and Securing the anode in position. Projecting 
insulating tabs f9 are cut from the insulating 
tubes 98 and engage the pleats of the anode for 
positioning the same. 

Fig. 10 shows the upper end of a container 6t 
having a bead shoulder 62 and a cooperating 
cover 67 which is roll-seamed to the container, 
as in Fig. 8. The cover also has an outwardly 
extending portion 69 with holes . An inner 
container f) is secured to cover 67 by a rod 2. 

A rubber disc and : 
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This rod has a shoulder 3 against Which the 
inner container is secured, such as by riveting 
at f4. The rod extends through a hole in a 
rubber diaphragm 5, the hole being slightly 
Smaller than the diameter of the rod 2 thus 
causing the rubber to extend upward. The rod 
is Secured to the cover such as by riveting at 6. 
GaS pressure which might generate within the 
container pushes the diaphragm. Surrounding rod 
f 2 upward and the gas escapes to the atmos 
phere through the holes D. Holes 66 equalize the 
preSSule inside and outside of the inner container 
f. 
Fig. ill ShoWS the lower part of an assembled 

condenser having an outer tube 20 which is pro 
Vided With a shoulder 2 and a roll-threaded 
portion 22 which seals a ring-type bushing 23 
to an inner tube f 25 which is supplied with beads 
26. If desired a shoulder, such as 2, but ex 

tending outward, may be provided on the inner 
tube 25 and then outer tube f2O may be straight 
except for beads similar to 26. An anode 97 
Such as described in connection with Fig. 9 has 
leads or tabs 27 extending through the ring 
bushing. Two tabs are shown to indicate that 
the anode may be divided within the container 
thus making a plural anode, common cathode 
Condenser. Insulation 28 such as shown in de 
tail in Fig. 3 and bent into an arc of a circle, 
insulates the anode or anodes from the container. 
Such anodes may be secured in position as de 
Scribed in connection with Fig. 9. 
The condenser shown in Fig. 11 may be mount 

ed by Screwing it into a socket or opening adapt 
ed to engage the thread 22. Alternatively a 
thread for mounting the condenser may be pro 
Wided On the inner tube 25. By such mountings 
the central opening provided by the inner tube 
assists in keeping the condenser cool by reason 
of air circulation therethrough, especially when 
the top of the inner tube is open as in Fig. 1. 

Fig. 11 also shows an alternative mounting 
means in the form of a split or divided plug. 3) 
adapted to engage beads 23 on the inner tube. 
A bolt 3 having a conical head 32 disposed 
between the halves of plug 30 passes through 
a panel or member 33 upon which the condenser 
is to be mounted. By tightening a nut 34 against 
a washer 35 and panel 33 the parts of split 
plug 30 are Spread apart so as to engage the 
inner tube and hold the condensei' securely in position. 

Fig. 12 shows a container if 0 having end 
flanges 4 for securing covers 42 and 43 such 
aS by turning the periphery of each cover over 
a corresponding flange. An interposed gasket 
;44 may be used for sealing cover 42. A gasket 
for top cover 43 may be self-venting as in Fig. 1 
or it may be a rubber diaphragm went f45 having 
a pin hole 4 to relieve pressure in the container, 
In the latter case cooperating vent holes 70 are 
provided in an extended portion 23 of the top 
cover. The bottom cover 42 is provided with a 
deformable neck 47 which is pressed or rolled 
into liquid tight seal with the rubber bushing 
48. An aluminum wire f 59 is twisted or secured 

into connection with a solderable lead-in wire 
45 and Squeezed into a liquid-tight scal within 
the bushing 48. An anode 52 is mounted in 
the container by means of a support member 
Such as an aluminum rod 53 to which the anode 
is Secured by welding, riveting or the like. The 
Supporting rod is held in the container by per 
forated aluminum discs 54 having deformable 
necks 55 which are pressed into rubber bushings 
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56, the rod f 53 being a tight fit in the bushings. 
The discs 54 are positioned in the container by 
bead indentations or shoulders 57. The alumi 
num wire 50 is secured to the anode support 
rod at its lower end, such as by wrapping, Weld 
ing or the like. Insulation 58 such as is shown 
in Fig. 3 may be used to insulate the anode from 
the container wall and insulating washers 59 
may be used to insulate the ends of the anode 
from discs 54. 
The condenser shown in Fig. 13 has two sep 

arate anodes and therefore is a dual capacity 
condenser. It comprises an outer-container cath 
ode 60, an inner tubular cathode 63, a vented cov 
er 6, a diaphragm gasket 72, an annular pleated 
anode 30, and cup-shaped insulating washers 3, 
32 and 33, substantially as described in connec 
tion with Fig. 8. In addition the modification 
illustrated in Fig. 13 has a second or inner anode 
f60 which may be pleated or not as desired. The 
inner anode is Supported in closely Spaced, insu 
lated relation to the inner cathode 63, for in 
stance, by two additional cup washers 6 and 
62 on opposite ends of anode 60. A bead 63, 

or indentations in the cathode 63 help to keep 
anode 60 in position. Each anode is provided 
with a separate aluminum wire riveted or other 
wise secured thereto as at 64 and 65, respec 
tively. These Wires are Secured in electrical con 
nection with solderable lead-in wires 66 and 
67, respectively, such as by welding, twisting, 

or the like, the connections being sealed within 
a bushing 68 as described above in connection 
With Fig. 12. The extruded neck of the con 
tainer shown in Fig. 13 has a threaded portion 2 
for mounting the condenser and a deformable 
portion 22 for Sealing as in Fig. 1. It is apparent 
in the Fig. 13 construction that the additional 
Support capacity obtained from the inner anode 
60 does not interfere with, or detract from, the 

capacity obtained from the outer anode 30. It 
is also apparent that both the inner and outer 
Surface of the tubular cathode 63 and substan 
tially all of the space within container 60 are 
utilized effectively. 
In the condenser assemblies described above 

by Way of example the anodes are supported 
independently of their riser rods or lead-in con 
nections. The flexibility of the anode connect 
ing tubes or Wires facilitates assembly and pre 
Wents transmission of Strains from the terminal 
to the anodes. 
The general characteristics of electrolytic con 

densers and the materials used therein are so 
well known that description thereof in connec 
tion with the condensers shown in the drawings 
appears to be unnecessary. It may be mentioned 
however that if a liquid or wet electrolyte is 
used it is run into the container to a prede 
termined level with the anode in position, then 
the inner cathode is put in place thus forcing 
the electrolyte up to the desired level over the 
anode as indicated in Fig. 1, for instance about 
4 inch above the top of the anode. The top 
of the condenser is then roll-seamed and Sealed. 
The anode may be made of any film-form 

ing metal but aluminum is generally preferred 
and used. The container and/or other Cathode 
surfaces are preferably non-film-forming, but 
instead of using a non-film-forming metal there 
for, aluminum may be used and may be plated 
with chromium on the surfaces which make con 
tact with the electrolyte. The inner cathodes 
shown in Figs. 8, 9, 10 and 13 need not be me 
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5 
chanically strong, so they may be made of very 
thin metal and in Some cases of foil. 
The foil used for the anode 24 preferably has 

its effective area increased 300 or 400 percent 
by etching the foil before or after pleating, pref 
erably before. This may be done by chemical, 
electrolytic, or mechanical processes, or by a 
combination thereof. For instance, a strip of 
aluminum foil for the anode may be passed 
through a solution of a halogen salt and a volt 
age impressed between the aluminum and an 
other electrode, the solution having sufficient re 
sistance to cause breakdown of the dissolved 
halogen salt into its component parts wherein 
the halogen Will attack the aluminum forming 
microscopic peaks and craters, thus increasing 
the Surface area of the foil. 
The electrolytic film which acts as the dielec 

tric in the condensers described herein may be 
formed on the anode by Well known methods 
after it is etched, pleated and assembled. How 
ever, I prefer, e.g., the following order of process 
steps for preparing the anode. 

i. Cleaning and etching of a straight alumi 
num foil in a continuous process. 

2. A preliminary film formation on the etched 
foil, also continuous. 

3. Pleating the said foil and cutting it into 
desired lengths. 

4. Fabrication of the pleated foil to the de 
sired anode shape and assembly with a terminal. 

5. A second film-forming in an aqueous solu 
tion containing approximately 100 grams of boric 
acid and two grams of borax per liter. 

6. Assembly in a container with the operating 
electrolyte, the latter having a temperature of 
about 80° C. 

7. Immediate ageing of the assembled con 
denser While hot by applying a D. C. voltage 
equal to the operating voltage, the anode being 
positive. 

Relative to the second above step, I have found 
that preforming stiffens the foil so that the sides 
of the pleats are stiffer but without materially 
increasing the resilience of the folds. Thus the 
pleating and fabrication are more easily per 
formed and the anode is less apt to be distorted 
from the desired shape. The presence of the 
preformed film reduces the coefficient of friction 
and thus aids the pleating operation, and in ad 
dition reduces the time required to form the final 
film. 

Relative to the fifth above step, the forming 
voltage for the usual type of condenser is pref 
erably 10% above its given operating voltage. 
However for the voltage regulating type of con 
denser the forming voltage should be substan 
tially equal to the given operating Voltage. The 
latter type should have a low leakage Current at 
the operating voltage and a rapidly increasing 
leakage current above the operating voltage. 
When such a condenser is used in connection 
with vacuum tubes supplied by a rectifier (as 
in the usual radio receiver) the condenser leak 
age current puts a load on the rectifier and pre 
vents the rectifier voltage from rising to dan 
gerous values while the vacuum tubes are heat 
ing up or otherwise not drawing their normal 
plate current. After normal plate current load 
is drawn by the vacuum tubes the rectifier Volt 
age becomes normal and the condenser leakage 
is small. In order to perform Satisfactorily 
such a voltage regulating function, the equiv 
alent series resistance of the condenser must be 
small because Such resistance must be overcome 
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by the leakage current. A high resistance con 
denser would have a high internal voltage drop 
and therefore could not reduce the rectifier Volt 
age. The condensers described herein are espe 
cially suitable for voltage regulation because they 
have very low resistance. 
The equivalent series resistance is further de 

creased by reason of the close spacing of the 
cathode both inside and outside the pleated anode 
thereby making the current path through the 
electrolyte short and of large area, and also of 
low contact resistance between the cathode and 
the electrolyte. It is understood of course that 
the height of the anode and cathode surfaces 
may be chosen as desired, the capacity of the 
condenser being substantially directly propor 
tional to the height of the anode, other factors 
being the same. 

It is understood that all features of the inven 
tion which were indicated as related Ones may 
be applied and used individually and independ 
ently from each other, and that any and all de 
tails described hereinbefore may be applied and 
used with condenser structures other than shown 
hereinbefore by Way of example only. 
I claim: 
1. A container for an electrolytic condenser 

comprising tWO aluminum cans, one of Said cans 
having less diameter and length than the other 
and coaxially disposed therein, a pleated an 
nular shaped anode disposed between said cans, 
the volume enclosed by the Surfaces circumscrib 
ing and inscribing said anode being approxi 
mately one to one and a half times the Volume 
enclosed by said inscribing surface, a flange clos 
ing the annular Space between Said cans at One 
end thereof, and a venting gasket forming part 
of said closure; said cans being individually 
closed at the other end thereof. 

2. An electrolytic condense comprising a Sub 
stantially can-shaped cylindrical container, a 
pleated anode of Substantially annular configura 
tion arranged within and in spaced relation to 
the cylindrical wall of said container, a substan 
tially cylindrical electrode inside and in Spaced 
relation to said pleated anode, Said electrode con 
nected With Said container, another pleated an 
Ode of Substantially annular configuration ar 
ranged Within and in spaced relation to said 
cylindrical electrode, and an electrolyte contact 
ing said pleated anodes, said wall and said elec 
trode. 

3. An electrolytic condenser comprising a sub 
stantially can-shaped cylindrical container, a 
pleated anode of Substantially annular configura 
tion arranged within and in spaced relation to 
the cylindrical wall of said container, a sub 
Stantially cylindrical electrode inside and in 

5 

O 

20 

25 

30 

40 

50 

55 

2,243,814 
spaced relation to said pleated anode, said elec 
trode connected with said container, another 
pleated anode of Substantially annular configura 
tion arranged within and in spaced relation to 
said electrode, and an electrolyte contacting Said 
pleated anodes, said wall and electrode, the vol 
ume between two Substantially cylindrical Sur 
faces circumscribing and inscribing said first 
mentioned pleated electrode approximating from 
one to one and a half times the volume enclosed 
by said inscribing Surface. 

4. An electrolytic condenser comprising a Sub 
stantially cylindrical container, an annular 
pleated anode arranged Within and in Spaced re 
lation to said container, the inside apices of the 
pleats of said anode inscribing a substantially 
cylindrical volume approximating one-half to 
three-quarters of the annular volume occupied by 
said anode, a substantially cylindrical electrode 
arranged inside and in Spaced relation to said 
pleated anode, said latter electrode connected 
with said container and provided with com 
municating passages, another anode arranged 
Within Said latter electrode in spaced relation 
thereto, terminals connected with said anodes 
and insulatingly extending through said con 
tainer, and an electrolyte Within said container 
contacting it, said electrode and anodes. 

5. An electrolytic condenser comprising a con 
tainer having inner and outer walls forming an 
annular space therebetween, an electrolyte sub 
stantially filling said space, an annular shaped 
anode immersed in said electrolyte, rings of in 
Sulation around the inner metal wall and other 
rings of insulation around the outside of said 
anode, and insulating washers disposed between 
the ends of said metal walls. 

6. An electrolytic condenser comprising a cy 
lindrical cathode container and a further cy 
lindrical cathode of lesser diameter than said 
container, One end of said cylindrical cathode be 
ing Supported from one end of said container to 
form a pair of communicating annular and cy 
lindrical spaces between said container and 
cathode and inside said cathode, respec 
tively, an annular shaped anode disposed 
Within said annular space in spaced relation 
ship to the Walls of Said container and 
cathode to form a first condenser unit, means in 
Sulatingly supporting said anode from said con 
tainer, a further anode disposed in spaced re 
lationship with the inner Surface of said cathode 
to form a second condenser unit therewith, 
means insulatingly supporting said second anode 
from Said container, and an electrolyte within 
Said annular and cylindrical spaces common to 
both Said condenser units. 

WILLIAM DUBLIER. 


