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Griginal application fied April 30, 1920, Serial Yo. 37,87. Sivi?iei and this application, aled 33 ovember 
- 16, 1822. Serial So. 233,575. 

Cne of the first steps in the process of mak 
ing condensers consists in assembling, alter 
nate sheets of conducting and dielectric ima 
terials to buiid up a condenser stack of the 
required height, these sheets of material be 
ing separated by insulation having suitable 
properties for this peculiar class of work. Notwithstanding great care in selecting these 
imateriais and in assembling them, it is a very 
common experience to ihave a condenser break 
down during test or while in use and it has 
been definitely determined that a very in 
portant cause of such breakdowns is the pres 
ence of voids, gas, or an excessive amount of 
insulating material between the sheets of ma 
terial that make up the condenser. 

It is an important object of the present in 
vention to devise a process of taking con 
densers which will reduce to a minimum im 
perfections and faults of the character above 

in other words, the invention 
aims to devise a process of builiding con 
densers which will eliminate an unnecessary 
thickness of insulating material between the 
layers of conducting and dielectric materials 
that make up the condenser and which will 
also reduce to a minimum the presence of 
voids, bisters or bubbles in the condenser. It 
is also an object of the invention to devise a 
process of making condensers which will pro 
duce a condenser that is a firm mechanical 
imass, that will have a very low dieiectric loss 
and in which the leakage between successive 
conducting elements of the condenser will be 
reduced to a minimum. A further object of 
the invention is to improve condenser con 
structions both from an electrical and also 
from a mechanical standpoint. 
This application is a division of my co 

pending application Serial No. 377,977, filed 
April 30, 1920, which has eventuated into 
Patent No. 1,721,503, dated July 23, 1929. 
The invention also consists in certain new 

and original features of construction and 

combinations of parts hereinafter set forth 
and claimed. 
Although the novel features which are be 

lieved to be characteristic of this invention 
will be particularly pointed out in the ciaims 
appended hereto, the invention itseif, as t 
its objects and advantages, the mode of its 
Operation and the manner of its organization 
may be better understood by referring to the 
following description taken in connection 
with the accompanying drawings forming a 
part thereof, in which 

Fig. 1 is a front elevation showing a step 
in the process of manui acturing of a con 
denser constructed in accordance with the in 
vention and the apparatus used therefor: 

Figs. 2 and 8 are side and plan views of the apparatus shown in Eig. 1; and 
Figs. 4 and 5 are pian and side views re 

spectively of the finished condenser. 
Like reference characters denote like parts in the several figures of the drawings. 
in the following description and in the 

claims parts will be identified by specific 
names for convenience, but they are intended 
to be 8s genesic in their application to simi 
lar parts as the artwili permit. 
Assuming that the nice, or other dielec 

tric elements to be used in the condenser have 
been made by splitting the mica, sheets to the 
desired thickness and cutting them out, to the 
required shape and dinnensions, and aiso that 
She in foil or other conducting elements of 
suitable shape and size have been provided. 
the next step is to coat he mical elements 
with varnish or other adhesive insulating 
inaterial. It is desirable that this coating 
shall be verythin and that it shall complete 
ly cover both surfaces of each mica sheet. 
This coating operation may be performed in 
any suitable manner and with any suitable insulating material, such for example as 
varnish. ! 

After the dielectric elements have been 
coated and partially dried, they are next; 
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assembled with sheets of tin foil, or other 
conducting material of the proper size and 
shape, to form a condenser stack. The con 
denser stack may either be built up in the 
form of a tall stack that later is split up into units of the required height, or the stack may 
be built up in the form of individual units, 
each unit stack being kept separate from the 
others. 

After the assembly of the stack has been 
completed, the stack is next heated or baked 
for the purpose of driving out the solvent in 
the varnish, eliminating any excess of var 
nish between the elements, and driving out 

; any gas or vapor that may be pocketed be 
tween the elements of the stack. A further 
result, accomplished in the baking operation 
when certain varnishes are used is the oxidiz 
ing or chemical changing of the solid con 
stituents of the varnish. 

For this purpose the condenser stack pref 
€rably is transferred to a baking stand of the 
general character illustrated in Figs. 1, 2 
and 3. 
Assuming that the condenser stack has 

been assembled in units, as above described, 
these units are placed one above the other 
in a stand which comprises a base 16 and 
two posts 17 and 18 rising from the opposite 
sides of the base and threaded near their 

O 

upper ends. The individual units are sepa 
rated from each other by separator strips 19 
of brass or other suitable material having 
holes drilled in them so that they slide freely 

35 on the posts 17 and 18. 
Each unit is located between two metallic 

spring plates normally convexly curved or 
bowed with reference to the condenser, as 
clearly shown in Fig. 2, one of these plates 
being designated at 50 and the other at 51. 
It will be seen that the plates are alike in 
construction and that each plate is provided 
at opposite ends with projections extending 
at substantially right angles to the plate 
and designed to fit over the opposite sides 
or edges of the condenser unit. Ears 52 and 
53 also project on these plates and have holes 
punched in them. The parts 50 and 51 con 
sist preferably of a metal which can be easily 
bent or shaped to form the intermediate 
spring portions and the rigid angular pro 
jections. Any suitable sheet metal is adapt 
ed for this purpose, such as steel or phos 
phor bronze. in assembling the parts 50 
and 51, the spring portions are arranged 
on opposite sides of the stack with their con 
vex surfaces facing the same and in paral 
lelism with the sheets composing the stack. 
They are then compressed flat against the 
s and rigidly secured at opposite sides 
as hereinafter, described to maintain the 
sheets together under spring compression. . 
The clamp comprises two parts which can 

be cheaply made and easily assembled to 
maintain the stack under good compression 
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and at the same time allow the leads to be 
brought out at opposite ends of the stack, 
the stack projecting at opposite ends beyond 
the clamp. 
The individual units with their respective 

pairs of plates are separated by plates 19, 
the entire stack of units being set up in the 
baking stand, as shown in Fig. 1. This 
baking stand also is provided with a pressure 
plate 22 mounted to slide on the rods 17 and is 
18 and arranged to bear on the top of the 
stack of units. Any suitable means may be 
provided to compress the stack, that shown 
consisting of a square threaded screw 54, 
having a ball ended connection with the pres 
sure plate 22 at its lower end and threaded 
through a yoke or plate 55 which is remov 
ably secured to the upper ends of the rods 
17 and 18. The handle 56 is secured to this 
Screw and affords a convenient means for '85 
turning it. It will be seen that with this ar 
rangement the entire stack can be compressed 
until the springs 50 and 51 are straightened 

0. 

out, thus compressing the units with a spring 
pressure. The baking stand with the stack 90 
of condenser units camped therein is then . 
placed in an oven and baked for several hours 
at a temperature of approximately 110° to 
115° C. 
While the greater part of the solvent in 

the varnish coating of the dielectric elements 
is eliminated before these elements are as 
Sembled to form a condenser stack, a certain 
amount of solvent still remains in the lower 
layers of the varnish coating. Furthermore, 200 
the coating is thicker than is necessary. The 
baking of the stack while it is maintained 
under a heavy spring pressure squeezes out 
the surplus varnish which softens under the 
relatively high degree of heat to which it is 205 
subjected. At the same time this compara 
tively high heat vaporizes the solvent to 
gether with any other vaporizable elements, 
such for instance as traces of water, which 
may be pocketed between the sheets, and the 
heat, together with the pressure, co-operate 
to reduce to a minimum gas, vapor, and the 
thickness of the adhesive remaining between , 
the sheets. In other words, the heat tends 
to diffuse any gases or vaporizable materials 
present between the sheets while the pressure 
tends to squeeze out these materials from 
between the sheets of the stack. When sep 
arator plates 19 made of brass or similar 
material are used, as distinguished from in 
sulating material, they serve not only to sep 
arate the units and give the stack additional 
mechanical rigidity, but also to conduct heat 
into the interior of the stack and thus to fa 
cilitate the baking operation. The oven is 2 
ventilated during the baking operation for 
the purpose of carrying off the solvent vapors 
and also, when an oxidizable warnish such 
as copal varnish is used, to provide an ample 
supply of oxygen to effect this oxidation. 
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regard the use of a spring in the applica 
tion of pressure as especially important. 
The very desirable results produced by this 
process apparently are due to a more thor 
ough elimination of gas and vapor from be 
tween the elements of the condenser and to 
a reduction in the thickness of the varnish 
or other adhesive remaining between the con 
denser elements afte: the baking operation 
has been completed. 
Another factor contributing to the superior 

results produced by this process is the above 
described elimination of the greater part of 
the solvent from the varnish coating on the 
dielectric elements before these elements are 
assembled to form a condenser stack. This 
leaves only enough soiyent in the coating to 
cause the coating to soften and become sticky 
during the baking Operation, which result is 
desirabie at this time for the purpose of ad 
hesively securing aii the sheets of materia 
firmly together, and since only a relatively 
small quantity of solvent still remains in the 
coating, the elimination of the solvent can be 
inade much more complete by the baking 

s step than would otherwise be practicable. A 
further advantageous result, produced by this 
process is the sealing of the marginal spaces 
between adjacent dielectric elements of the 
stack. Each conducting element, lying on a 
inica sheet is surrounded on thres sides by an 
inactive margin of mica; that is, an area of 
mice that is not subjected to the dielectric 
strain. This margin is covered with varnisi. 
during the coating operation, as above de 
scribed, and the compression to which the con 
denser stack...is not subjected to the dielectric 
strain. This margin is covered with varnish 
during the coating operation, as above de 
scribed, and the compression to which the 
condenser stack is subjected during the bak 
ing operation results in squeezing additional 
warnish out from between the overlapping 
sheet and into these Anarginal spaces. 
This yarnish completely seals the space be 

tween the inactive margins of adjacent di 
electric elements. it will be understood that 
when a condenser is in use there is a tendency 
for the current to discharge from the edge 
of one of the conducting elements across the 
inactive margin to the edge of the next adja 
cent conducting element. Ordinarily, a 
comparatively free path is left for this dis 
charge oyer the Sarace of the mica. The 
sealing of these marginal spaces, however, by 
warnish introduces a solid wall cit insulating 
material in the path of this discharge and 
thus reduces very substantially the surface 
leakage that otherwise would be present in 
the condenser. In other words, this construc 
tion reduces the electrical loss in the con 
dense. - 

After the baking operation has been com 
pleted, the condenser will be found to be a 
firm, mechanical mass capable of withstand 

3 

ing very rough usage. The sealing of the 
edges, as above described, contributes to this 
result and also is of advantage when the con 
denser is to be used in a damp location. 
After the condenser has been baked its 

manufacture may be completed in any de 
sired manner. According to the process 
which prefer at present, the condenser units 
are next tested and any units which fail to 
withstand the tests are discarded. In order 
to reduce still further the electrical losses in 
the condenser and also for the purpose of 
improving its mechanical structure, it is pref 
erable under some conditions to repeat the baking operation. 
This second baking need not be continued 

as long as the first, but usually is from six to 
eight ours at a temperature from i10 de 
grees to 15 degrees C. The exact nature of 
the change produced in the condenser by this 
second baixing is diácuit to determine but 
probably is due to some change produced in 
the exceedingly thin film of varnish that still 
remains between the adjacent elements of the 
condenser. I have deteriained, however, by 
actual test that the electrical characteristics 
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of the condenser are improved by this second 
baking and that they can be still further in 
proved by a third or fourth baking. The de 
gree of improvement, however, decreases with 
Successive balkings and usually it is not ad 
Yisable from a manufacturing standpoint to 
carry the condenser through more than two 
of these hea cycles. 
The heating or belxing, and if desired also, 

the reheating or subsequent bakiag operations 
See performed in the manner above described, 
but after the baking operation has been com 
peed the projecting ends of the spring plates 
which have not been brought into overlap 
ping relationship at opposite sides of each 
anit, are periaanently secured together by 
Soldering or welding. Preferably this se 
curing operation is performed by spot Weid 
ing, as indicated at 5, Fig. 5. The condens 
er terminalis 58, 59 are shown in Figs. 4 and 
5 connected to the foil sheets projecting from 
the stack. As shown in Fig. 4. the integral 
parts 52, 53 are formed with holes ior secur 
ing the finished condenser in place. 
This process results in enclosing the con 

denser stack in a casing which because of its 
resilient nature and the manie in which it is 
Secured on the stack, exerts a permanent 
Spring pressure on the stack over substan 
tially its entire active areas. After the se 
curing operation the units may be removed 
from the baking stand. 
The connections to the opposite sets of con 

ducting elements can be made in any conven 
ient manner as, for instance, by soldering 
leads 58 and 59 to these conducting elements 
respectively, with a suitable soft solder. The 
punched ears 52 and 53 are provided to facil 
itate the securing of the completed condenser 

32 

89 



4. 

to its support. This construction provides a 
very compact and efficient condenser espe 
cially adapted for locations where the con 
denser is subjected to rough usage. 
While certain novel features of the inven 

tion have been shown and described and are 
pointed out in the annexed claims, it will be 
understood that various omissions, substitu 
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tions and changes in the forms and details 
of the device illustrated and in its operation 
may be made by those skilled in the art with 
out departing from the spirit of the inven 
tion. 
What is claimed is: 
1. A sheet condenser which consists of a 

stack of interleaved fiat sheets of mica and 
metal foils, the foils of opposite potential ex 
tending out from spaced-apart portions of 
the side of the stack; and a two-part metal 
clamp, the two parts of which extend flat over 
substantially the entire surfaces of the two 
faces of the stack; one of said clamp-parts 
tending to assume a convexly curved shape 
with reference to the stack-face which it en 
gages; and said parts having portions extend 
ing over portions of the side of the stack 
other than those from which the foils extend, 
to overlap one another; and said overlapped 
portions being permanently secured together 
while said convex part lies substantially flat 
against the stack, whereby the stack is held 
under permanent spring compression. 

2. The combination with an electrical con 
denser stack of mica and foil sheets, of two 
metal plates holding the stack between them 
in the direction of its height, and means for 
holding the stack under pressure between said 
plates; at least one of said plates being con 
structed to tend to assume a convexly curved 
shape and having its bowed portion arranged 
to bear against an end of the stack, said plate 
being substantially straightened under said 
pressure. 

3. In an electrical condenser, a stack of con 
denser elements and a clamp for said stack 
comprising members engaging opposite sides 
of the stack, at least one of said members hav 
ing integral lateral portions connected to the 
other member, at least one of said members 
having a springy portion parallel with said 
elements whereby the elements are held to 
gether under spring compression. 

4. In an electrical condenser, a stack of 
condenser elements and U-shaped spring 
clamping members having intermediate port 
tions engaging opposite sides of the stack and 
connected together, bolding the members 
against the stack to compress the elements to 
gether under spring pressure. 

5. In an electrical condenser, a stack.com 
prising alternate sheets of conductor and 
dielectric and a multi-part open ended sheet 
metal clamp for the stack and comprising 
metal plates upon oppositesides of the stack 
and integral lateral overlapping portions Se: 
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curing the parts together in clamping rela 
tion against the stack. 

6. In an electrical condenser, a fiat faced 
stack comprising alternate fiat sheets of con 
ductor and dielectric and a multi-part metal 
clamp for the stack and comprising plates ly 
ing fiat upon and extending over substanti 
ally the entire surface of the opposite flat 
faces of the stack and having integral por 
tions extending at angle with the piates and 
along the sides of the stack and connecting 
the parts together in permanent ciamping 
relation against the stack. 

7. in an electrical condenser, a stack com 
prising aiternate sheets of conductor and di 
electric and a multi-part metal clamp for the 
stack and comprising spring plates engaging 
oppositesides of the stack and having integral 
rigid lateral portions overlapping each other 
and securing the parts together in clamping 
relation against the stack under spring pres 
S8. 

8. In an electrical condenser, a stack com 
prising alternate sheets of conductor and di 
electric and a sheet metai clamp for the stack 
and comprising plates engaging opposite 
faces of the stack and angularly arranged 
integral lateral portions bent to connect the 
plates together in clamping relation against 
the stack, at least one of said plates being a 
Spring and adapted to assume a concavo-con 
vex shape when released. 

9. In an electrical condenser, a stack com 
prising sheets of conductor and dielectric 
and metal spring plates upon opposite sides 
of the stack and connected together along op 
posite edges of the stack transversely of the 
sheets to hold the sheets in contact under 
spring pressure. 

10. In an electrical condenser, a stack com 
prising sheets of conductor and dielectric 
and a clamp for said stack comprising spring 
members upon opposite sides of the stack and 
means connecting them and extending along 
opposite edges of the stack and trans 
versely of the edges of the sheets for main 
taining said members in clamping relation 
against the stack holding the sheets together 
under-spring pressure. 

11. In an electrical condenser, a stack com 
prising aiternate sheets of conductor and di 
electric and a sheet metal clamp for the stack 
comprising parts at opposite faces of the 
stack, at least one of which is springy, and 
integral rigid lateral portions bent to extend 
along opposite edges of the stack and con 
necting the parts together in clamping rela 
tion against the stack, holding the latter 
under spring pressure. 

12. In an electrical condenser, a stack com 
prising alternate sheets of conductor and di 
electric and sheet metal spring plates engag 
ing opposite sides of said stack, at least one 
of said plates having integral lateral portions 
bent to extend along opposite edges of the 
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stack to connect the plates together, clamping 
the stack under spring pressure, said plates 
being formed to assume a concavo-convex 
shape when released with the convex sides facing the stack. 

13. An electrical condenser comprising a 
stack of dielectric and armature material, a 
metal end member for said stack having por 
tions adapted to extend along opposite sides 

0 of said stack, said end member having its side 
portions diverging from the stack and being 
pre-shaped to move said side portions in 
wardly toward the stack on the application of 
pressure to said end member. 

In testimony whereof i hereunto affix my signature. 
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