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2211663 MOLDED CAPACI TOR The present invention relates to a nol ded

capacitor. A pol ded capacitor is mad€ by connecting a plurality of r
capacitor elements electrically and nolding the assembly with synt het.i ¢
resin. Wth this type of capacitor in which the capacitor elenents are

covered by resin, inpregnation of resin at the ends of t pacet
‘elenents has to be sufficient. Gtherwi se, partial dischar 43Aﬁf6163 to

occur, thus causing breakdown of the [ b ? , it is very difficult
or al nost inpossible to conpletely Lﬁéﬁﬁgﬁaég_fﬁé_égnacllor el ements with
synthetic resin at their recessed end portions. Thus, the capacitor

el enments tend to suffer fromcorona discharge at their end portions. Wth

the prior art nol degCaRALddY SinddthSiPhOPEERLES E8CK! adbikkg %ﬂi%lél&&:he

voltage assigned to each capacitor elenment. This increases the nunber of

capaci tor el ement s paip 1L cdgHe CEPACT § Ghadel| Ky adfinexRany “eplutdiity of
| i ght of these drawbacks with the prior art nolded capacitors, the present

i nvent ors haveapagGeiotee lidiren tiea nicentesing &ndhmodfdaigt @heelasmenibliyn a

stiff container, filling an insulating gas therein, and nolding the

contai ners w whthysyiehiet iresies inV t Witlprtiois atypeobfedapapatiororin eddieh

capacitor elenent is vacuum packed in a flexible synthetic resin film

the capacitor elements are covered by resin, impregnation of

resin at the ends of the capacitor elemerzs has to be

sufficient. Otherwise, partial dischargs will tend to
occur, thus causing breakdown of the capacitor. But, it is
very difficult or almost impossible to compLetely impregnate
the capacitor elements with synthetic resin at their
recessed end por;ions. Thus, the capécitor elements tend to

'suffer from corona discharge at their end portions.

with the prior art molded capacitors, this problem is
tackled by reducing the voltage assigned to each capacitor
element. This increases the number of capacitor elements
and makes the capacitor bulky and expensive.

L, In the light of these drawbacks with the prior art
molded capacitors, the present inventors have conceived the
idea of encasing each capacitor element in a stiff éontainer,
filling an insulating gas thereib, and molding the
containers with synthetic resin.

With a prior art molded capacitor, each capacitor

element is vacuum-packed in a flexible syr-hetic resin film



pack and an insulating gas is filled in the filmpack. Wth this type of
capa'Ttor it i's relatiwvely easy to vécuun}pack the capacitor elenents and
t hen I the-flln1packs with an insulating gas. But, the insulating gas in
the fi I m packs expands or contracts in nolding the vacuum packed capacitor
elements with synthetic resin, so that air gaps are liable to devel op
‘between the fil mpacks and the nol ding resin. The air gaps may i nduce
corona discharge. If the film packs are in tight contact with the nol ding
resin and no air gaps devel op therebetween, the film packs cannot contract
after it has eaqEncetd n tivsubnporatgase is skl died nin noteli Hglm Thack wi [With
cause the pressure of the insul ati ng gas in the filmpacks to drop, thus

| owering the ddvichatxPechiirearas el ngl tvois atpl atiively eeasnite Heaguuseapack
invention is to provide a nolded capacitor which obviates the abovesaid

shor t comi ngs. thfe GARATHING SXaRIMF ArDidgh fo’f“en%lﬁg“! R i tloran

elenments in a stiff CaSIEf haV|ng$ shape- retajning property, filling an
i nsul ati ng gadAsvliafd g r§ lhh"al’i uc]c?rﬁl’élﬁ ot I‘Eﬂealq’tly“ qag
encased capaci tor enents t oget.her,, t he assenqﬂé¥¥n
synthetic resiSftP af‘r#é; cH sdnnéf’tq 9c AP Y PG Iy

shoul d have ae@.%%%n%:qsh%ﬁt%n s\gﬂntri')etqec rp)esq%d, rs%SitQ)aaé[ air gaps are liable

to develop between the film packs and the molding resin.
" The air gaps may induce corona discharge. " If the film packs

\_/ are in tight contact with the molding resin and no air gaps

‘develop therebetween, the film packs cannot contract after
. it has expanded by the temperature rise during molding. This
~will cause the pressure of the insulating gas in the film
- packs to drop, thus lowering the corona discharge starting
voltage.
An object of the present invention is to provide a
molded capacitor which obviates the abovesaid shortcomings.
The inventors reached a concept of encasing the

] . capacitor elements in a stiff casing having a shépe-

- retaining property, filling an insulating gas in.the casing,
electfically connecting a plurality of the encased capacitor
‘elements together, and molding the assembly with synthetic

resin.

The inventors also noticed the necessity that the
" casing should have a good adhesion with the moldéd resin at

its outer-periphery, and have completed the present



its outer periphery, and have conpleted the present 2

i nventi on. SUNNARY

OF THE | NVENTI ON 5 Accordi ng to the present inventign, . a:
capacitor conprises: a plurality of inner casings having a shape (T
retaining property; capacitor elenents nounted in said respective- |hner
casi ngs; said 1inner casings 10 bei ng filled W th an

I nsulating fluid, sai d capacitor elenents being connected electrlcally

with one another to forman assenbly; and an outer housing forned by

encapsul ating said i nner casings with synthetic resin.

15

According to the present invention, a capacitor conprises: (- -
a plurality of inner caS|ngs haV|ng a shape retaining property;.

capaci-tor el enkhY@NEbORted in said respective inner

'~ casings; - said in

casi ngs 20 being each filled with an insulating fluid and

i ndi vi.dual | y encapsul ated with synthetic resin to seal

said insul ating

ner

fluid therein;sﬁﬁﬁERfaBFC&ﬁﬁrIﬁbﬁﬂ%gbﬁ ~ bei ng connect ed Qlegtrically,

with one

5 _ According to the present invention,

comprises:. .

a capacitor

a plurality of inner .casings having "a  shape

retaining property; capacitor elements mounted in

said respective inner casings; said-

inner . casings

10 ‘being  filled = with = an. insulating fluid; - said

capacitor elements being connected electrically  with

one another to form an assembly; and an outer housing

formed by encapsulating said inner

synthetic resin.

casings with

5. o According to the present invention, a capacitor

comprises:

a plurality of inner casings having a shape

ietaining'p;operty;. capacitor - elements . mounted. in

said respective . inner casings; said inner casings

200  being each filled with .an insulating f£fluid ' and

individually encapsulated with synthetic resin to

seal said ipsulating_fluid therein; = said capacitor

.elements . being ~connected electrically with one

another to form an assembly; and an. outer housing'

25 formed by encapsulating said inner casings with



another to forman assenbly; and an. outer housing 25 formed by

encapfsul ating said i nner  casi ngs With 3 synthetic resin. The
cont armer for the capaC|tor element is less subject to defornmation even if
t he |nsulat|ng gas or oil in the container expands and contracts, because 5

not only is it made of a material having a shape retention or
stiffness but also it is reinforced with the nolding resin. The nol di ng
resin inpregnates the glass flber mat eri al wound around each container so
as to inprovée the bonding strength between the 10 cont ai ner and
the resin nolding. Wth the present invention, air gaps hardly devel op

bet ween the resin nolding and the containers. This reduces the .
possibility of causi corona di scharge and-makes it possible to

i ncrease the 15 sYVGB%&d& &8Si¥ned to each capacitor el enent and reduce

the nunber of aci t | t kes th
capaci tor more conpact. SFcEoBRAARGE ERE ﬁ@@%&'v&gﬁa‘” 2 SR A Tt e
tested individual Eﬁbpfe% ecl E%“fggﬂa%‘%io?xe % 4% the be'é‘ugiatl%’b“egcatsedor

t oget her, defectiv ements can _
oil in the container expands- and contracts, because

5 - not only 1is it made of a material having a shape
retention or stiffness but also it is reinforced w1th
the molding resin. The molding resin impregnates the

\f’ o glass fiber material wound arouhd each container so

as to improve the bonding stfength between the

10 container and the“resin-molding. |
With the present invention, ait- gaps hardly
develop between the resin molding and the containers.
This reduces the possibility of causing corona
discharge and' makes it possible to increase the
15 voltage assigned to each capacitor element and reduce
| the number of.Capacitor elements in one lcapacitor.

éﬁj This makes the capacitor more compact. |

7 Since each of the molded capaCitor elements
can be tested indiVidually for performance before

20 ° Dbeing connected together, defective elements can be
easily picked out before assembly. This will lead to
a reduction in the number of defective capacitors.

Further, since each capacitor element is
encased in a

25



easily picked out before assenbly. This will lead to a reducfron in the—,
nunber of defective capacitors. Further; since each,6 capacitor.. eleﬂgpt

is encased in a 25 4 stiff container having a shape retalnlng-property,_
the nmolding resin is kept out of direct contact with nmetal - sprayed’

el ectrical connecting points of the capacitor elements. Thus, the
connecting points are |ess susceptible to the stress produced when the

resin nol @ttri&fC%tnrt%%erdwawagh%r QBRI r P gt Frdp D Gy ects of the

present invention will become apparent fron1the follomnng description taken

wi th ref emenagngo rteaenacieomé@mylon& drawiRast cbnthicthwifihmekdls 2
sectional view of the first enbodi nent of the capacitor according to the

present i speayednelkcgrigaillscannecitdngepoiatisi ofalthel eypalciagrortion of the

sane; and Fig. 3 is a sectional view ofa second enbodi nrent. As shown in -

Fig. 1, tadewmepési.tofhasintheecbnnetténgogoians aket hespsr susiedtitam i on

conprises a plurality of encased and nol ded capacitor elenents 11 connected

t oget her to the stress produced when the resin molding contracts '
durlng harden1ng.

Other features and objects of the present invention-
wzll become apparent from the follow1ng descrlptlon taken
w1th reference to the accompany1ng draw1ngs, in wh1ch-

Fig. 1 is a sectlonal view of the flrst embodlment of
the capac1tor accordlng_to the present-}nvent;on;_

Fig. 2 is an enlarged sectional view of a portion of

the same; and

Fig. 3:is a sectional view ofa:second embodiment.
| As shown 1n Flg. 1, the capacitor l in the first
embod1ment of the present 1nvent10n comprlses a plurality of
encased and molded capac1tor elements 11 connected together L kJ)
: electrlcally w1th one another, and an outer housing 2 for
the capac1tor elements formed by moldlng a synthetic resin.
:The outer hous1ng 2 is 1ntegrally formed w1th bushings 3. -
As shown in Flg. 2,“each encased and molded capacitor
qelementlll comprises a containerfor_caslng 4_andra.capacitor_

element 5 housed therein. The casing 4 is filled with an



electrically with one another, and an outer housing 2 for the capacitor

el egents, formed by nol.ding a synthetic resin. The outer housing. 2 is

i nteyral ly forned with bushings 3. As shown in Fig. 2, each encased and
nol ded capacitor el'enent 11 conprises a container or casing 4 and a
capacitor elenment 5 housed therein. The casing 4 is filled with an

I nsul ating gas such as SF6 gas or nitrogen gas and has a gl ass fiber
material 12 wound around its outer periphery. This casing is encapsul ated

in a nol ding of, & SWHALId£s TaRH 59 HiSe IPadesFBh CRb 4 4die ndsul ating
~.gas. The capacitor elenent 11 is manufactured in the follow ng manner.

C Firstly a‘casigigk | i Hae ped sk i dllh el £ asdutH 4a £uipd | 66 ¢u vl Yol gresst ng an
~open top and a |lid 4b closing a top opening of the body 4a. The body 4a
and the 1i d 4lrmarse datimgreide ericapsileied iresd maeldidorofd vétdtheties 7 and
7" for lead wires 6 of the capacitor elenent 5, respectively. The casing 4
has i nner di mmesiimnsesldgyhtd yhdmaegdrcalign sewl ditheerinBuistsinngas. t Mkhe
capacitor elenent 5 which conprises dielectric |ayers and el ectrode | ayers
~alternatel y woaphditcr sliementsHdpd.s memmfdatuned siptherfaHowiody 4a so
that a gap 8 wi.ll be forned therebetween. - The gap 8 and gaps 9 forned

- between the | sa#ng@rr.es 6 and the holes 7 and 7'

Firstly a Césing 4 is prepared.. The.césing 4 cbmprises
'a body 4a having an open top and a 1id 4b closing a top
' opening of the body 4a. The body 4a and the 1id 4b ére both
made of sYnthetic.resin and formed with holes 7 énd 7' for
lead wires 6 of the capacitor element 5, réspectively. The
: casihg 4 has inner dimensions slightly larger than the outer
dimensions of the capacitor element 5 which comprises
dielectric layers and electrode layérs alternately wound in
a sbiral-shépe.' The 1id 4b is put oh.the body 4a éo'that a
gap 8 will be formed therebetweéh. The gap 8 and gaps.9
.“fofmed between the lead wires 6 and the holes 7 and 7'
" should be large endugh to allow thé insuléting gas'td pass
Lu} into the casing 4 but not so 1arge'as to permit the invasion
of a highly viscous synthetic.résin into the éontainer when
the container is molded. | o
The inner casihg 4 should be made of a stiff or figid
' material héving high heat'resistanée and insulating.énd
shape-retaining prbpertiés, such as polyéster:resin;

" polystyrene resin and polycarbonate resin.



shoul d be large enough to allow the insulating gas to pass into the casing.
4 but' not so large as to pernit the invasion of a highly viscous synthetig-
resin into the container when the container is nolded. The,inner €asing 4"
shoul d be made of a stiff or rigid nmaterial having high heat resistance.and"
I nsul ati ng and shape-retaining properties, such as pol yester resin,
pol ystyrene resin and pol ycarbonate resin. 6 After encasing the
capacitor elenment_5 in the body 4a, the |id 4b_is put_op the bodg”mﬁth t he
lead wires 6 haﬁqﬁfﬁtﬁﬂqaﬁﬁﬁ%.Eﬂ%wﬁ??ﬁﬁ??ﬁ?t%%ﬁ%%ﬁ?nﬁ 4ot R UBAAY hdahol es
as. been rogg@ened-in t he
_ P 12V#89wound
around the .er ' casl 4. _The, ' .St ub Ln.a
~nmetal nol dtg‘lr% EEt t?gl%{réo%%@_g/ua%{g e%’.sé n%\ans"?% u?a‘fﬁ?ﬁgﬁ asag%cﬁggggs?%éggs or
nitrogen gas is admtted into the mold. Then, a highly viscous synthetic
resin such as epoxy or urethane resin is poured into between the nold and
the casing 4. Affter the vtidt ke thnd lcdSidg! fased f&oun t he nol d.
The casing 4 is thus encapsul ated or nol ded (first R _
roughened in the manner which will be described below, the

the .out er surface of

d 7. '
raonor i S i A R B A RS pOdY TE e 18Fe eFEe s o

glass fiber material 12'is_wound around thé outer periphery
.of:the'éasing 4; _The.casiﬁg is theﬁ_but-iﬁ almetal}mold apa
the.mold.is e§écuated.._An insulating gas such as SFG;gas.of- -
nitiogén gas isiadﬁig%ed into the mold. Then, a_highlj, | v
viscous synthefié_resin sﬁch és epoxy or urethane :eSin.is
poured ihtq;between the moid and §he ¢§sing_4. Afge: thé -
resin has hardeﬁed;.it.is re;ease§ from.thg_mQ1d,

The casing 4_i$ thu#_encapsuléted or mplded:(figsy
molding) in_the méldingllo of;synthétic resin which servés 
td £fill up the:gaé.s beﬁween the casiﬁg body 4a_§nd the 1id;_
4b and tﬂe géps § betwéen'the_1ead wires 6_and the hqleS'7_:

and 7' so as to hermetically seal the insulating gas in the

casing 4. A numérél lO_indiqates é molded layer. - | W/
A plurality.of ﬁolded capacitor elements 11 thus

 prodh¢ed ére conﬁected in parallel ané series with one .

.another and put in a metal mold. .A synthetic :esid

.(preferabiy eboxy résiﬁ).is_bdﬁ;ednigto the mdid (the_gecohd

moldiné). ha#dénéd_and fhgﬁ réleasgd'f:om_ghg mold. The

molding by the second molding forms an outer housing. _The



mol ding) in the nolding 10 of synthetic resin which serves to fill up the
gap ngetween the casing body 4a and the Iid 4b and the gaps 9 between the
| ead Wires 6:and the holes 7 and 7° so as to hernetically seal the
insulating gas in the casing 4. A nuneral 10 indicates a nolded |ayer. A
plurality of nol ded capacitor elements 11 thus produced are connected in
paral l el and series with one another and put in a netal nold. A synthetic
resin (preferably epoxy resin) is poured into the nold (the second
mol di ng), hardened and then released fromthe nold. The nolding by the

second nol dFPHEFDr FRPAT T eFCHOEAI B, tO THRe 7€ irshopmierd bmpati i #r thegor di ng
to the first ;nbo&}‘ment i éhus ma)ge. %ei nsul af i n'? %’#]I ma‘%/ be used,
i nst ead of "B T hst ?ifﬂf%é%.l?% ThedtHf: i Ao B Epgulsging
plurality qof gcapacitor elenents 5 are encased in the respective casings 4
and are encapsul ated in an outer housing 2 formed by nolding a synthetic
.resin such as epoxy resin. This enbodinent is different fromthe first
enbodi ment in tHat thecserohdi rembosligwent oot ionlRigonde, a@lunalddya®fi n
‘the first enbodinment, to hernetically seal the insulating.gas. In this
enbodi nent SAP3E1LAT iedlamentishg dine wRFaseduded thes respestiye casings 4
and are encapsulated in an outer housing 2 formed by molding
a synthetic resin such as epoxy resin. This embodiment is.
different from the first embodiment in that the molding is
AN carried out_only once, not twice as in the firs£ embodiment,
to hermetically seal the insulating gas. In this
embodiment, too, an insulating oil may be used instead of an
insulating gas.

In any of the embodiments, the casing 4 comprises the
body 4a and the lid 4b and is ﬁade of polyester, polystyrene
or polycarbonate'resin. It has such a thickness as not to
be deformed by the expansion and contraction during molding.

In any of the embodiments, the casing 4 should

Lo preferably have its outer periphery roughened. The
roughened surface may be formed by etching or sandblasting
or by electrostatically flocking the outer periphery w;th

short fibers of synthetic resin. 1Its roughness should be

set at about 10-100 microns in terms of the difference of




insulating gas. In any of the enbodi ments, the casing 4 conprises the body
4a and the |lid 4b and is nmade of pol yester, polystyrene or polycarbonate
resin. It has such a thickness as not to be defornmed by the expansjon anﬂf
contraction during nolding. In any of the embodiments, the casing 4 shoul-d -
preferably have its outer periphery roughened. The roughened surface may be
formed by etching or sandbl asting or by electrostatically fl ocking the

t ' h i_th. t fi.b It h houl d
be. et "at RELARE B BaFR PorsHoREnoFc hE GRRBRD B fabeRce ofttg 15 AR ght o
hi gh t he | f b t h th
oner oo %?%%%fh??ﬁ%ﬁ%ﬁ& £hePEhe gl bukS;BE,DBRERIADE el ouanen fhe
may be roesE@ﬂ dw’ee&eohgg [;S%rlo@vkggngutgyggéhbhﬁ‘é Yl §’r el off the

casing 4. In the preferr enbodi ne ter, polystyrene or.

pol ycar bopgéghéReiNwHELE tRE tBSiRambIGiAGOYVE HOSE wheiyoeot Be@RO%E £ €Si N
so that the casing can be strongly bonded to. the resin nblding. Further, by

the provi sh@ncasihf§esroughened surface on the outer peri phery. of the
casing, the resin can infiltrate
In the preferred embodlments, polyester, polystyrene or
polycarbonate resin used for the casing shows good adhesion
to epoxy resin so that the casing canfbe.strbngly bonded'to.f
the resin molding.
Further, by the provision of'the-roughened surfaceTon: _. u"
the outer periphery of the casing, the resin.can-infiltrafe
‘into the the voids of the roughened ‘surface or into between
the fiber flocks so as to strengthen_the adhesion between .

the casing and the molding layer.




into the the voids of the roughened surface or into between the fiber
floeks so as to strengthen the adhesion between the casing and the ol di ng
IayeF{-Q CLAIMS 1. ° A capacitor conprisi-ng a plurality of inner
casi ngs- having a shape retaining property; capacitor 5 el enent s
nounted in.said respective inner casings; said inner casings being
filled wwth an insulating fluid; said capacitor elenents bei ng
connected electrically with one another to forman assenbly; and an outer
housi ng forned by encapsulatlng said 10 i nner casings with synthetic

resin. 2. . A 0 s;conpr|5|ng a-plurality of inner casings having
a shape retainin capacitor elements nounted in said respective
i nner casings; 1 ~said inner casings being each filled with an
insulating fluid and individually encapsulated with synthetic .resin to
. seal said insulating fluid therein; said capacitor elenents being
- connected electrically with one another to forman assenbly; 20 and an
outer housing forned hycapeepsoratomprdsidgi naer plasiaddeyn tdf syimmest i c
resin. . : _
casings having a shape retaining property; capacitor
.5' elements mounted in said respeétiVe inner casings;
said inner casings being filled with an insulating
fluid; said capacitor elements being connected
—/ " ‘electrically with one another to form an assembly;
and an outer housing formed by encapsulating said

10 inner casings with synthetic resin.

2. A capacitor comprising a plurality of inner

casings having a shape-retaining property; capacitor

elements 'mounted in said respective inner casings;

15 said inner 'casings being each filled with an
insulating fluid and individually encapsulated with

b ' synthetic resin to seal said insulating - fluid
therein: said capacitor elements being connected

electrically with one another to form an assembly;

20 - and an outer housing formed by encapsulating said

inner casings with synthetic resin.

3. A capacitor as claimed in any of Claims 1 and 2,
wherein said inner casing is made of polyester,

25 polystylene or polycarbonate resin.

0 AN O R L



3. Acapacitor.as clainmed in any of Clains 1 and 2, wherein said inner

casing is made of polyester, 25 polystylene or polycarbonate resin. 19 -
4. A capacitor as claimed in any of Clainms 1 and 2, wherein at | east™ pariﬁ”_
of the outer’ periphery of said inner casing is roughened 5 5. AL a

capacitor as clained in any of ains 1 and 2, wherein at |east part of
the outer periphery of said inner casing is flocked with short fibers. 6.

A capacitor as clained in any of Clains 1 and 2, 10 wherein gl ass
fiber material is- wound around the outer perlphery of said. inner casing.
7. A capacitfr duFaprasited vs sdaidedt rimheahy wi IC ¥aximes encand o 2he

dr awi ngs.

wherein at least part of the outer perlphery of said

inner casing is roughened.

5 | 5. A_capacitor as claimed in ahy of Claims 1 and 2,
| wherein_ at ;east'part of the outer periphery of said

inner casing is flqgkgd_with short fibers.

6. A capacitor as claimed in any of Claims 1 and 2, -&J
10 wherein glass fiber material is wound atound the

outer periphery of said inner casing.

7. A capacitor substantially as described with

reference to the drawings.

T



