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25,644
CAPACITOR CGOLING
Sven O. Linderholn, Ludvika, Sweden, assignor to The
Chio Brass Company, Mansfield, Ohio, a corporation
of New Jersey
Original No. 2,933,664, dated Apr. 19, 1960, Ser. No.
659,652, May 16, 1957. Application for reissue Apr. 9,
1962, Ser. No. 186,616
18 Claims. (ClL 317—243)

Matter enclosed in heavy hrackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to capacitors and, more particu-
larly, to high voltage energy storage and power capaci-
tors.

The principal objection of the invention is to reduce the
operating temperatures of power capacitors and, particu-
larly, of capacitors which are maintained in an energized
condition over long periods of time.

Another object of the invention is to provide a capaci-
tor construction in which the transmission of heat from
the capacitor elements to the capacitior contaiuner is facili-
tated.

Still another object of the invention is to facilitate the
manufacture of power capacitors and the like.

In the art pertaining to electric power transmission and
distribution, it is known to connect capacitors in shunt
across a distribution line to improve the power factor of
the circuit or in series with a transmission line to modify
the impedance of the line and increase the power han-
dling capacity. In either instance, the capacitors are as-
sembled in banks to constitute the aggregate capacity
necessary to effectuate the required modification of the
electrical characteristics of the line. Each of the capaci-
tors ordinarily constitutes a metallic container or hous-
ing which encloses a number of capacitor elements with
an oil or like impregnant surrounding the elements and
with appropriate lead-through bushings for connecting
the capacitor elements to the conductors of the external
circuits. A bank of capacitors is ordinarily constituted
of a plurality of such capacitors which are maintained
upon suitable supporting frames or brackets adjacent the
conductors or circuit elements to which they are con-
nected.

Because of the physical association of the capacitors
and the fact that substantial quantities of heat are gen-
erated by the capacitor elements of the individual capaci-
tors, a considerable problem exists as to holding the oper-
ating temperatures of the capacitors at reasonable levels,
particularly where the capacitors are connected in ener-
gized circuits for long periods of time. It is well known
that the life of a given capacitor is a function of the
operating temperature, but design changes directed to-
ward reducing temperature by increase in size of the
capacitors, are, of course, contrary to practical require-
ments,

The present invention mitigates the effect of the con-
flicting requirements thus imposed upon a power capacitor
and there is disclosed and described herein, a power
capacitor in which the heat transfer and radiating char-
acteristics of the walls of the container are utilized to
minimize the operating temperature of the capacitor ele-
ments. More particularly, a specific arrangement of the
capacitor elements is set forth in which the favorable heat
conductivity characteristics of the foil armatures of the
capacitor elements are utilized for transmitting the in-
ternally generated heat to the walls of the container while
providing electrically insulated connections and intercon-
nections to the capacitor elements.

The capacitor elements are of the form of rolls or
windings in which the foils of the two armatures extend
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beyond the insulating dielectric material at the opposite
ends thereof. These capacitor elements are intercon-
nected electrically by means of flat metallic plates which
contact the foils at the ends of the capacitors adjacent
the ends of the capacitor container and which function,
also, as heat transmitting and stabilizing means. The in-
tercennecting plates are arranged parallel to the end walls
of the container and are placed in heat conductive rela-
tien thereto by means of spring metallic clips. Blectri-
cally insulating sheets are arranged between the plates
and the clips, and by reason of the intimate mechanical en-
gagement, permit transfer of internally generated heat
from the foils and interconnecting plates to the clips and
the end walls of the container. The sides of the capaci-
tor elements are tightly engaged with the side walls of
the container so that the large heat radiating areas of
the sides of the container are utilized, by reason of direct
conduction from the capacitor elements, as well as from
the foils through the interconnecting plates and clips and
the end walls of the container. The arrangement is use-
ful, not only for reducing the overall temperature of the
capacitor, but also for providing a desirable uniform
distribution of heat within the capacitor and prevention
of hot spots.

The invention, together with further objects, features
and advantages thereof will be more clearly understood
by reference to the following detailed specification and
claims taken in connection with the appended drawing,
in which

FIG. 1is a front elevation of a power capacitor with a
portion of the side of the container broken away to show
the arrangement of the capacitor elements in the con-
tainer;

FIG. 2 is a section view taken in the direction 2—2 in
FIG. 1 and illustrating, particularly, the arrangement and
disposition of the corrugated spring clips referred to
above;

FIG. 3 is a sidé elevation view of a capacitor pack; part-
ly in section; [and]

FIG. 4 is an end view, partly in section, taken in the
direction 4—4 in FIG. 3 showing the arrangement of the
capacitor eélements in the pack and the arrangement of
the inter-conneécting plates[. X, and

FIG. 5 is an enlarged partial view of the capacitor
elements 18, 19, 20 and 21 and the conmector plate 50.

Referring now to FIG. 1, there is shown a capacitor 10
adapted for use in electric power circuits. The capacitor
16 comprises a sheet metal container 11, a capacitor pack
12 and two bushings 13 and 14 with terminals 15 and 16
which are connected to thé elements of the capacitor
pack. The container 11 and the bushings 13 and 14 are
gas tight and the iaterior of the container is filled with a
liquid dielectric impregnant such as chlorinated diphenyl.

As is shown in FIGS. 3 and 4, the capacitor pack 12
incorporates a stack of capacitor elemients 18 to 29 in-
clusive, each element comprising a wound condenser hav-
ing two armature foils and an interposed dielectric in the
form of sheets of electric paper. Each armature foil pro-
trudes beyond the paper sheets at one end of the sheets
so that the protruding foil serves as a terminal for the
capacitor element. The exterior of the element is fur-
ther wound with the dielectric paper to serve as an in-
sulating means for the element.

The capacitor elements are separated in pairs by a
plurality of paper separators. Thus, the capacitor ele-
ments 18 and 19 are enclosed by the separator 36 which
has the portion 31 extending along the end of the ele-
ments, the portions 32 and 33 extending along the side
of the element 18 and the portion 34 extending along the
top of the element 18. The separator 35 cooperates with
the separator 39 and has the end part 36 arranged about
the end of the capacitor elements 18 and 19 opposite the



25,644

3

sortion 31 of the separatar 30, the portions 37 and 38
:xtending along the sides of the capacitor element 19
and opposite the portions 32 and 33 of the separator 30
ind the portion 3% extending along the bottom of the ca-
sacitor element 19. Similarly, the capacitor elements 20
ind 21 are enclosed by the separators 4@ and 41, the
sapacitor elements 22 and 23 by the separators 42 and 43,
‘he capacitor elements 24 and 25 by the separators 44 and
15, the capacitor elements 26 and 27 by the separators 46
ind 47 and the capacitor elements 28 and 29 by the sepa-
-ators 48 and 49.

There is arranged at the ends of the capacitor ele-
nents, between the armature foil and the end portions of
‘he separators, a flat metallic connector plate for elec-
rically interconnecting the capacitor elements. Thus, the
slate 50 is arranged over the ends of the capacitor ele-
nents 18 and 19 and 20 and 21 within the end portions
>f the separators 30 and 41. Likewise, the plates 51, 52,
53 and 54 interconnect the capacitor elements parallel by
:wo’s and the resultant parallel units in series. The plates
55 and 56 serve as terminals for the pack and are con-
1ected to the conductors 57 and 58 which are in turn
;onnected to the terminals 15 and 16 of the bushings 13
and 14.

The stack of capacitor elements, separators and inter-
onnecting plates is held by a pack retainer 60 which has
the one end 61 thereof disposed at the bottom of the front
side of the stack of elements and extends about the stack
and two end boards 62 and 63 to fold about itself and
terminate at the remaining end 64 at the top of the pack.
The pack retainer is formed of pressboard and determines
the overall height of the stack and, within the manufactur-
ing tolerance, the capacitance of the pack. The end boards
62 and 63 prevent rounding about the top and bottom
elements of the stack and, thus, more closely define the
overall height of the stack, as well as insure access of
the impregnant to all portions of the top and bottom ca-
pacitor elements.

The stack and retainer just described are provided with
an insulating layer in the form of a wrapping 65 compris-
ing a considerable number, e.g. 20 or more layers, of thin
electrical paper. This wrapping provides an optimum elec-
trical insulating medium between the capacitor elements
of the pack and the metallic walls of the container. The
wrapping is flexible enough to transfer the pressure from
the springs to the connector plate, and does not substan-
tially diminish the resistance to heat flow as compared
with a single sheet of material of the same overall thick-
ness. The wrapping is sealed at the top and bottom of
the pack, as shown, e.g., in FIG. 2.

Referring now to FIG. 2, the pack 12 is arranged in the
container 11 so that the side walls 66 and 67 of the pack
are in close proximity to the side walls 68 and 69. Thus,
there is some accommodation for lateral movement of the
side walls due to temperature changes.

The end walls 7¢ and 71 of the pack are spaced from
the end walls 72 and 73 just sufficiently to receive the
spring metallic clips 74 and 75. The clips 74 and 75 are
in the form of elongated arcuately formed pieces of spring
steel or, alternately, as corrugated single pieces and the
spacing between the ends walls of the container and the
end walls of the pack is sufficiently small so that the clips
are substantially deformed or almost flattened when the
pack and clips are inserted into the metallic container.
The showing of FIG. 2 is somewhat exaggerated and more
closely approximates the shape of the clips prior to as-
sembly. These clips serve not only to maintain the plates
50—56 conclusively in intimate electrical and heat con-
ductive engagement with the foil armatures at the ends of
the capacitor elements, but also serve as heat transfer
means for communicating heat energy from the plates
50—56 to the end walls 72 and 73 of the container. The
spring clips are arranged so that the sharp edges are in
contact with the container walls, and only smooth sur-
faces are in contact with the insulating paper wrapping.
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The interleaved portions of the separators are spaced
from the connector plates in order to insure.the neces-
sary contact pressure between the connector plate and the
protruding foils of the capacitor elements. Thus, the end
of the portion 39 of the separator 33 is spaced from the
connector plate 50 and the spring pressure exerted by the
clip 75 through the plate 50 is received directly on the
foils at the ends of the capacitor clements 18, 19, 20
and 21.

It will be appreciated that, because of the high heat
conductance of the armature foils, the flow of heat is
accomplished much more readily through the foils, the
connector plates, the ends of the separators, the pack

“wrapper and the spring clips to the end walls of the

container, as compared with the transverse flow through
the layered dielectric and foil sheets and through the
separator, retainer and pack wrapper to the side walls of
the container.

As a consequence of this fact, not only are the end
walls of the container utilized as heat transfer means to
the external atmosphere directly, but also for conduc-
tively transmitting the heat energy to the side walls of
the container. By contrast, the constructions of the prior
art utilized the heat transfer characteristics of the end
walls principally by reason of conduction from the side
walls. The arrangements is of particular importance in
reducing operating temperatures where large numbers
of capacitors are arranged in closely spaced relationship
side to side in capacitor banks so that the heat trans-
fer from the side walls to the exterior atmosphere is
greatly diminished.

It is of importance that the conductivity characteristics
of the armature foils and of the arrangement of the
connector plates in heat conductive relation to the foils
of several capacitor elements greatly improve the heat
distribution as between the capacitor elements and effec-
tively prevents the development of excessive or hot-spot
temperatures. Further, the large area of contact between
the connector plates and the armature foils greatly reduces
the contact current density, so that transient effects are
effectively minimized. It will be appreciated, of course,
that the arrangement greatly reduces the current density
in the armature foils, particularly in the end portions
thereof.

The arrangement shown herein in which the capacitor
elements are connected in series by two’s is shown by
way of example, and other series parallel combinations of
capacitor elements may be readily accomplished without
departure from the teachings of the inventor.

It is to be understood that the foregoing description is
not intended to restrict the scope of the invention and
that various rearrangements of the parts and modifications
of the design may be resorted to. The following claims
are directed to combinations of elements which embody
the invention or inventions of this application.

T claim:

1. A power capacitor comprising a generally rectan-
gular metallic container, a capacitor pack within the
container having end walls thereof spaced from the end
walls of the container, the said pack comprising a stack
of horizontally disposed wound capacitor elements each
having at least one armature foil projecting at an end
thereof, a flat metallic connector plate at one end of the
capacitor elements engaged with the armature foils and
electrically interconnecting the capacitor elements and
insulating material at least in part about the said elements
and plates, and a spring metallic member interposed be-
tween the end walls of the pack adjacent the connector
plate and the end walls of the container and engaged
therewith.

2. A power capacitor comprising a generally rectan-
gular metallic container, a capacitor pack within the
container having the side walls thereof tightly engaged
with the side walls of the container and the end walls
spaced from the end walls of the container, the said
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pack comprising a stack of horizontally disposed wound
capacitor elements each having at least one armature
foil projecting at an end thereof, a plurality of flat metal-
lic plates engaged with the armature foils at the ends of
the capacitor elements electrically interconnecting the
capacitor elements, insulating separators disposed between
the capacitor elements and extending between the capac-
itor elements and about the exteriors of the plates for
electrically separating and positioning the capacitor ele-
ments and connector plates and insulating sheet material
about the exterior of the said elements, plates and sepa-
rators, and spring metallic members interposed between
the end walls of the pack and the end walls of the con-
tainer and engaged therewith for compressively securing
the several parts within the container and transmitting
heat energy from the connector plates and sheet material
to the walls of the container.

3. A capacitor comprising a generally rectangular
metallic container, electric terminal means for the con-
tainer, a plurality of capacitor elements in stacked in-
sulated relation, each comprising a wound assemblage,
including two armature foils and an [interdispersed]
interposed dielectric sheet with one armature foil protrud-
ing beyond the dielectric sheet at each end thereof and
insulating means about the assemblage, at least one flat
metallic piece at each end of the stack engaged with the
armature foils of at least some of the capacitor elements
of the stack, a sheet of insulating material arranged at least
between the metallic plates and the walls of the container,
a metallic spring member arranged between the insulating
sheet and the side wall of the container, and electric cir-
cuit means electrically connecting the capacitor elements
to the terminal means.

4. A capacitor comprising a generally rectangular
metallic container, electric terminal means for the con-
tainer, a plurality of capacitor elements in stacked insu-
lated relation, each comprising a wound assemblage, in-
cluding at least two armature foils and Tinterdispersed}
interposed dielectric sheets with at least one armature foil
protruding beyond the dielectric sheets at each end thereof
and insulating means about the assemblage, a plurality of
flat metallic connector plates at each end of the stack,
each [engaged with] contacting the foil of one capacitor
element and that of an adjacent capacitor element for
electrically connecting the two capacitor elements, insu-
lating material disposed between the metallic plates and
the walls of the container at each end of the capacitor
elements, and a transversely arcuate metallic spring mem-
ber arranged between the insulating sheet and the side
wall of the container, all for providing electroconductive
contact pressure between the connector plates and arma-
ture foils and for facilitating transfer of heat energy from
the capacitor elements to the wall of the container, and
conductive means electrically connecting the capacitor ele-
ments of the stack to the terminal means.

5. The invention in accordance with claim 4, in which
the connector plates Lengage] contact the armature foils
substantially over the entire transverse extent of the
capacitor elements.

6. The invention in accordance with claim 4, in which
the spring member has the edges thereof engaged with the
end wall of the container and the arcuate portion engaged
with the insulating material.

7. The invention in accordance with claim 4, in which
at least four Lor more] capacitor elements have the arma-
ture foils thereof [[engaged] contacted by a metallic plate
for electrically connecting the capacitor elements in series-
shunt relationship.

8. A capacitor comprising a generally rectangular
metallic container, electric terminal means for the con-
tainer, a plurality of capacitor elements in stacked insu-
lated relation within the container, each capacitor element
comprising a wound assemblage including two armature
foils and an [interdispersed] interposed dielectric sheet
with one armature foil protruding beyond the dielectric
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sheet at each end thereof and insulating means about the
assemblage, a plurality of flat metallic plates each engaged
with the protruding armature foils of at least two of the
capacitor elements at one end thereof for connecting the
capacitor elements electrically in series, separator means
comprising insulating material extending above and below
the said two capacitor elements and between the metallic
plate and the side wall of the container and terminating
short of the remaining end of the capacitor, and a metallic
spring member arranged between the insulating sheet and
the side wall of the container, all for facilitating transfer
of heat energy from the capacitor elements to the wall of
the container and maintaining the members in compres-
sively secured relation within the container, and a liquid
dielectric impregnant within the container extending
throughout the voids therein.

9. A capacitor pack, comprising a stack of horizontally
disposed wound capacitor elements having the armature
foils projecting at the ends thereof, a plurality of elec-
trically insulating separators extending between the capac-
itor elements [[alternately in opposite directions] and
Eaboutd beyond the ends of the Tcapacitor] elements
successively at one end and then at the other end of the
elements throughout the stack, a flat metallic connector
plate disposed Ewithin each two separators having con-
fluent end parts] between each two adjacently extending
separators at both ends of the capacitor elements through-
out the stack and engaged with the foils of the capacitor
elements therein, and insulating means disposed about the
entire said capacitor elements, separators, interconnecting
plates and retainers.

10. A capacitor pack, comprising a stack of horizontally
disposed wound capacitor elements having the armature
foils projecting at the ends thereof, a plurality of elec-
trically insulating separators extending between the capaci-
tor elements [alternately in opposite directions] and
beyond and over [about] the ends of the capacitor ele-
ments successively at one end and then at the other end
of the elements throughout the stack, a flat metallic con-
nector plate disposed [within each two separators having
confluent end parts] between each two adjacently extend-
ing separators at both ends of the capacitor elements
throughout the stack and engaged with the foils of the
capacitor elements therein, a paper board retainer dis-
posed about the sides and top and bottom of the capacitor
elements, and insulating means comprising a plurality of
sheets of electrical paper about the entire said capacitor
elements, separators, finterconnecting] connector plates
and retainer.

11. The invention in accordance with claim 10, in
which the connector plates mechanically contact the foils
of the capacitor elements and the end[s of the portions]
of [thel a separator[s] disposed between two capacitors
elements is spaced from the connector plate intercon-
necting those two elements to insure contacting engage-
ment of the connector plates with the armature foils.

12. The invention in accordance with claim 10, in
which the stack of capacitor elements is vertically re-
strained by the retainer for controlling variations in the
capacitance of the pack.

13. The invention [is¥ in accordance with claim 12, in
which rectangular paper boards are positioned between
the end separators and the retainer for insuring the rec-
tangularity of the capacitor stack at the top and bottom
thereof.

14. The invention in accordance with claim 10, in
which the connector plates electrically interconnect the
capacitor elements in series parallel relationship.

15. The invention in accordance with claim 10, in
which the plates engage the armature foils substantially
over the entire transverse extent thereof.

16. A power capacitor comprising a generally rectan-
gular metal container, a capacitor pack within the con-
tainer having end walls thereof spaced from the end
walls of the container, the said pack comprising a plu-
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rality of wound capacitor elements each having one
armature foil projecting at one end of the element and at
least two adjacent capacitor elements having the said one
foil at the same end of the pack, conductive means ex-
tending over the same ends of adjacent capacitor ele-
ments electrically interconnecting the foils of the capaci-
tor elements, and insulating material about the said ele-
ments and conductive means, and a spring member com-
pressively received between the end walls of the pack
adjacent the conductive means and the end walls of the
container, and coacting therebetween to transfer heat
from the walls of the pack to the walls of the container.

17. In a capacitor, a plurality of capacitor elements
each comprising a winding of paper and armature foils
with the armature foils exposed one at one end and one
at the other end of the winding, a plurality of electrically
insulating separators extending longitudinally between the
capacitor elements, the said separators each having one
end thereof extending beyond the capacifor elements
at the ends thereof and the separators extending beyond
the capacitor elements successively at one end and then
at the other end of the elements, conductive means ar-
ranged over the ends of adjacent capacitor elements be-
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tween adjacent like-extending separators electrically inter-
connecting the last named capacitor elements and elec-
trically connected to the foils of the said elements, and
the said like-extending separators insulating the capacitor
elements and conductive means, and insulating means
about the said capacitor elements, separators and con-
ductive means.

18. A capacitor in accordance with claim 17, in which
the conductive means comprises a connector plate con-
tacting the foils of the capacitor elements.
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