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To all whom it may mm‘cr‘)

Be it known that I, Wirnia = T';t RS, 8
citizen of the United St t nm‘
a resident of Belmont, & u“
setts, have invented cert

Tlectrical Condensers, Jw
Which are set forth in th
cation and fzccompa Tving
disclose the form of the inve
now consider to be the best of t
forms in which the principles of
tion may be emboﬂied

This nvention relates to o]ectriczﬂ
densers and methods of making t

et

In CJ}L\‘{CI}SCIS now }ﬂ use 1( is HHH‘]v to
‘ Miw(\'xtcl

and

build the sams in stacks composed
of dielectrie, sucl
foil. TFor high potential work.
is built up in sections connected
and the greater the number of sec
less the capacity will be for »
sheet. Such copdonqers are unsnbisfactory,
however, where high potentinl high cuvrent
is necessary with comparaiively low capae-
ity. In building such a condenser of mica,
for instance, it has

as mien ov ;m*

been found that the cost
is almost prohibitive.

In order to provide a cheap compact con-
denser, it is contemnplated in »
vention to use sulfur (in =
not only ag a dielectvic but als

Sulfur also may he used as
wash out a (Jn' and moisture 'F'x(‘m
denser, and for impregnating. Sulfur has
an extremely high insulation resistance, but
up to this time its brittleness and povosity
has prevented its use to any extent as 2
dielectric, especially for use in high tension
electrical condensers. The advantages of
sulfur are as follows:—low dielec loss.
high insulation rvesistance. cheapness, good
dielectric strength and high melting point
(115°-119° C.). Another chavacteristic of
sulfur which is especially advantageons in
condenser manufacture resides in the fact
that it does not soften as it ¢ oproaches the
melting pomt as does a x, but rather
acts like ice, that is to say, remains hard
up to the moment of melting and then
changes to a thin liquid. nor is it subject
to cold flow.

)
the con-

et i,

trie

o

TNOR TO WIRELESS SPE-
ETTS, A CORPORATION OF
COMNDENSER
8, 1821, Serial MMo. 465,137

ﬂuh"ur as & solid exists in several allo-
tropic forms as follows: the phstlc or
amorphous, ienoclinie erystalline 101'111, and
the 1l hombie octahedra crystalline form.

A object of the invention is to provide
a cheap condenser of high efficiency.

Amother object of the invention is to em-
ploy and prepure the element sulfur in con-
dmw\ s insuch wise as to take full advantage

of its extremely low dielectric loss and high
insulation resistance and ‘at the same time
+ o

¥ condition of the sulfur as to
avoid the treunbles resulting from the use of
go brittle and porons a material.

Another object of the invention is to pro-
vide condenser a dielectric or filler
hn\ ing veleating properties.

A n%hn 'J\]”‘i of the invention is to pro-
d condenser which can be o >e“‘ued at
O pv"‘tuw up to 95° C. without detri-
a] effect.

the accom immnn draw there is
severa) of the numerous forms in
‘he present invention is capable of
embodied with appavatus for making
same,

ig‘ure 1 is a section
1 of condenser.

- 2 ds asectional plan view thereof on
Hne 22 of g, 1, looking in the di-
on of the arrows.
3. 3 is a sectional elevation of o modi-
‘orm of condenser.

eREUTL N

111 &

1.1.‘,},'8,

nq
o)
pos
[ M

al elevation of one

. 4 is a sectional plan view thereot on
the line 4—4 o't Fig. 3, looking in the di-

a

‘“cnon oi the
o,
- et

TOWS.
51s a Sectwnal elevation of
’i’or'ﬂ of cou?enser

Fig. § is a sectional plan view thereof on
the line 6—6 of Fig. 5, locking in the di-
rection of the arrows.

Ifig. T is a sectional elevation of another
form of condenser taken on the line 7—7 of
Figs. 8 and 9, looking in the direction of the
arrows.

Fig. 8 is an elevation of the construction
Tlg. 7 taken at right angles to the view

another

of

of Fig. 7, the casing bemo in section.
Flg.
vsmo broken a
Figs. 7

9 is a plan view, with part of the
away, of fhe construction of
7 and 8.
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Fig. 10 is a detail perspective view of an
element used in the construction of the con-
denger of Ifigs. 7, 8 and 9.

Fig. 1lisa phn view of a mold for making
the element of Fig. 10.

Irig. 12 is an elevation of the mold of Fig.
11, parts being broken away for clearness.

Fig. 13 is a detail sectional view of the
mold on the line 13—13 of T‘Ji; 12, locking
in the direction of the arrows.

Fig. 14 is an elevation of another
condenser with parts in section.

Fig. 15 is an elevation of the same con-

form of

denser taken at right ana]“‘ to the view of
Fig. 14 and with parts in section.
Ifig. 16 is a sectional view of an assemblied

mold for making sulfur sheets.

Fig 17 iz a SLCtl(,D‘ll view thereof on the
line 17—17 of Fig. 16, looking in the di-
rection o the arrows.

Fig. 18 is a perspective view on
laroed scale of one of the mold parts.

Flo 19 is a view illustrating a method of
111e1t1n0’ off the sulfur embedment flush with
the edge of the casing

In Figs. 1 and 2 is illustrated one embodi-
ment of the invention comprising spaced
concentric cylindrical metal srmatures T and
2, in which the armature 2 constitutes the
casing of the condenser, the armaiive 1 being
within the casing and embedded in a suit-
able dielectric 8, which may compri ise ele-
mental sulfur of the special form made by
the process hereinafter deser: b(}u this sulfur
dielectric 8 not only cons ‘(1tuun‘> U‘e dielec-
tric of the condenser but also the filler
within the casing 2. " The casing 2 is bro-
vided with the bottom 4 which may be ve-
moved if desired for the purpose of filling
the condenser with the dielectric through ‘ch
bottom, although the same moy also b
filled through the 1 top. This bottorh 4 m
be secured to the casing 2 in any desira
manner. Telescoping the upper por *tion
the cylindrical casing 2 is a ring § of insulat-
ing material which may be wmnvaeu of any
insulating materisl suitable for the »urpose,
such as ba hehtu dilecto, whldl 18 n“cie;
by reason of its ri ﬂlcklty and hardness.

an en-

[CIN eIt o)

5

A“l“

L

oL

L)i(t
This

ring 5 is secured in any suitable manner to . with

the casing. The upper edge of the bakelite
ring 5 is provided with & recess or ledge §

‘in which may be fitted a thin cover 7 of any
suitable insulating material, but

preferably
of mica. PrOchtmg throngh tﬂe msa.ﬂtm;;,
cover 7 is a threaded terminal 8 which is
secured to the cover by means of a pair of
puts 9 arranged upon opposite sides of the
cover 7 and clamped thereto. This terminal
is connected to the armature 1. Inasmuch
as the armature 1 is embedded preferably in
a solid fusible dielectric such ag the ele-
mental sulfur of the special form of this
invention, the cover T need not be of sufli-
cient strength to suspend the terminal

trie

1,558,048

thereon. Mica, inasmy
Toss and prev: m,t(: cresnag
is proferable, and this
ati 10 with the ins:
insulates ihb tom
ing or
port the

chas it has a very low
¢ to a high degree,
mica cover 7 co- -oper-
dating ring § effectively
i 8 from the outer cas-
v order to O‘id’{y sup-
eralile to use the

I

o

cover 7, 1t s pre:

A emboedment 3 oend fo pmu\, 1t within
casing i such wanner by ihe process
hereinaiter described, that the embedment is
in close conta t mi Jm cover ‘T, 1)10\‘(]1]1“
& havd be same. After golidifi-

cation 3 “nmu]moxt the mica
cover is supperted upen the annular shelf
¢ and held on the concenser by means of its
adhesion to the suitur emubedment. The nuts
9 aseist In providing a central securing
Means for the cover,

In¥ 3 , L hav o 1Lus‘

3 and 4
of con "Ln ser in \‘ hich the diclectric

ated a form
and

fller !C_; slge cast in one operation in the cas-
ing. riing th(“'gfo*'e to these figures,
the he mmner metal
arm"‘ : oi cylin-
dri om as indicated

m ct‘ﬂ avmature 2 which
S aYINg nd spaced
embodiment 01 tne in-
of the casing or arma-
th an opening 11 alin-

. 1
ire L

'\"’Lh

e opbn end of an inverted cup-
ted member 12 connected to casing
space 13 therein communics 1t1n .
vior through the opening 1],
art of the amumm 2 and pro-
LO of armature 1 and
¢ ontlgnsu like. the
ed in el 1, is “Tikewise

Rl

rough the ‘mn or throneh the
rruvl‘un dielectric and
pro ‘,‘idbd with

L to allew the

i m tho

1 oi dielectric

of sulfur herelnatter

by the m ocess hervein-
156 uke the sulfur dielectric
In ather mspwts the
*1:1 L 1s 1dentical
L and 2. The
. u ‘m,d 4 pro-

e deserih

'Lnd heat
s for use

i &L:PO

ey

\5()1 { L“IIS

1 a con d enser

1d the

L ”Vhﬂdl ical cup- —,tht,)ed olc—
ment at the bottom and the armature
2, being cy Jindvical and con ”“n‘m with the

open

armature 1 and provided with an inverted
cup-shaped part 12 projecting into the space
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‘wsible dielectric
s o thorongh

inside of armature 1 a
and having an interior
ating ab _U with fhe
the ho t-raciatin |
faces of the i
part 12 may eith
ynndmcm portion of
shovwn in Fig. 5
to as showa in IMig.
of the casing !
side cyhlmmc‘1 portio
portion 12, is one
throueh which the

i

1)" \)mel in e
N

3 (,ODHLHU‘ 'i)l'“!
h'\‘, k

PToCcess ‘
Preferably, arm
minum cast ing

vention in whicl
itute one of the u
the outsde oﬁ ihe ' which the dieleot
In ovder to equalize the stress in :" preferably comprises the special sul":ur of
electric 8 be twcev the ] 3"(‘5“‘1t :n‘oauou, is made by o different
1 have provided ess than that in which the culfur is not
1e1\1bvr 1’7 intey e, but also a filler. Briefly,
tuves 1 ype of ('onlcnse': conwprise:-; 2 aumber
3. Thm vidually-fo ormed ¢ ndenser elements
tel and two
tg being con-
; n stack 95
;" ¢ which

50

o
o

armatnre 1, the e proc-
" nected together suitable
and member * ox the

1 and member tl

€

i
<t

GO

85

ings 21 wherob;@ 100
oughly 1”10(7 an

equali Z;D.P me

LhO condenser ca

armatures 1 and :

preferabl ] secured oi one 105
to the member 17 on th ) o thereot armature plot a') bemo

on the : ] Lo :

of the

means of nu

The cover 01" bw ses o2 110
iffers from nrevious i
that ingtead of mien
shaped or coneavo-c
ber or shell 24, \"Llu_
any suitable insul
porcelain, through whi
tends and to which i
porcelain shell or
cireumferential ed
vr ove 25 on the

9 with its conecav

“he shell 24 1s sect

suitable means

(3

conne
pm[o %bl}
of the pre

[

¢
alloy 26 poured in l’}scubed ;)100683 'ﬂ ml‘ .ho appamuus
the edge of the por"d at I hol it shown In [igs. 11, 12 and 13 way be em- 125
in place. The space within shell 24 - ployed as more fully deseritbed hereinafter.

‘." 3 ‘(‘ ~ [

. 7 and 8, s0% ral of the
3 \> shown in detail in Fig. 10 ave
yoether to form a stack 37, the

e
g
sever 11 elements 30 abutting each other 130

the embedding process i
tric 8, Increasing its ins ;
and fomnno a hfu'd backing t

This construction of porcelair




20

o

&

wtinlly a solid stack or mass.
nent of the invention, the
are agssembled with thmr

upen o metal base plate
reto by means of serews

‘-;* cnf’ ing

{hread eJ.

s the base plate and
ws 310 in the bottom
blocks .‘JJ.

of the m\/e'ﬁ‘-'n

a

§ 36 O'ff the o‘:hzfr
ide of the top in
providing  two
ich are space
v insulating |
h group 40 and 4
3 10ulv connes
oy mezms o 13 waghers 42 in-
| between them and secnred together
X al bolting means 432%  After the sev-
eral elements 80 are secured to the base 38,
and the tabs 40 and 41 connseted togetheor,
the whole unit is placed within a tha‘)"‘
casing 43 *vh]ch ig preferably of metfal
plate 38 v sting on fho sottom of the ¢
m contact tl\ei.ew.‘t]*. This casing

4
oy
2

o
roin

},_;
j.‘l
4
et &
o
i
[N

it
=

=t

z—?—(
Zn

e

\\1

meg
is suhb-

stantinlly rectangular =f its » povtion
and of a gize to provide gnflic nt 0‘! arance

assembled tnits 3() or stack 27
In order to secure the
acl 87 within its casing
erail members &1 ave provided with
hou/oma] openin f)s A4 throu gh which and
hrough the md o5 of the casing 43 is threaded
a metal bolt 4 h :10* only secures the
stack 87 to th t also conghitntes nn
electrical ¢ E*etween the
armatnres he stack and the cas
when the ca ,E to congufntL a tern
The bolt 45 is ‘/(’J.z'ec._ n the heles 44 and to

as-

hetween the
and Hle caging.
sembled steck 9

v O

Iy

15]11 orl

54

the caging 43 neans of nuts 46.  Addi-
tional nuts 7 ba h 'ﬂ“ﬁle(‘ on the holt

1111(,

for the purpos
o ai (1@_

npper portion 0{ opPDNOST
43 is Aared oukwal
Ty, to m‘ovme suffi e
he terminals 4;() and 41 a

2 oasing

S (Tia

oft

!

between

caging end also to provide supporting
lnh“vepf In the ea Smo for supporti
casing 48 or several of tﬁe‘n in 8 ro

upper end of this casing 43 is provide
‘ﬂ‘/onmn' 49, tL s of fT

ing 1{71V io [o‘“’“n a ledge !
an annular ring Vﬂ beine located below the
"odﬂe 50 for bracing and reinforcing same.

r“]*e eosing proper, not including the cover,
in the form here illust rated, 15 built up in

three parts, a U- Jw-mod intermedi: ate portion
59 as shown in 7 and a pa iy of end
plates 53 as shmm in Fig. §, and having a

shape shown in Tig. 7 to enclose vavt 52.
The plates 53 are secured to the open sides
of the member 52 to form a casing therewith

ayUvUye aw

ave lustrated wir es 54 extending along the
:orners formed by the members 52 and 53
and which ave soldered in such corners by
suitable solder 55 for secnring the parts of
the together.  Mounted over the
opening 49 at the top of the casing and se-
cured to RdO‘o 50 iz a cover 56 of metal hav-
ingj a pair of openings 57 therein through
which the feads 58 from the tabs 40 and 41
are led. A gasket 56 is interposed Detween
the cover 56 and ledge 50 to form a tight
joint. Tach of these leads 58 comprises a
threaded terminal ;od 59 which is supported
of suits ‘,,-L ntts and washers 60
1011* joint) in an insniating
Iy poreelain, which is sub-
p-sha ped Or  CONCAYO-Convex,
s edge (the concavity in
ng the ca sing) is ),e(*nred to the
JG over an opening 57 by means
tr - 62 of metal to which it is
secure (‘1 1)*/ some suitable means such as an
antimony Tead uHoy. The terminal 59 i
centrally arvanged within this cup-shaped
-nul“*mzz member 61 and extends through
its upper small end at 2 distance sufliciently
spaced from the cover 56 for insulation, the
open and large end of the porcelain mem-
ber 61 heing secured to the ring 62. The
terminal 59 may he electrically connected to
the tabs "0 fmd 41 by any suitable conduc-
tors snch as the flexible conductors 63 illus-
trmcd. Tn order to fill this condenser with
' if desived, I have provided an open-

e side of the condenser throngh
ou;t:ﬂﬂo filler may be poured and
dment formed in the manner here-
1. An opening in the side
ng secures 2 condenser in which
e qtnck proper with its sulfur
J.Mo tric may be thovovghly embedded hut
also the iovmm s 59 and the space 617 with-
i the shell 61, providing a solicd hacking for
the shells 61 and mmproving the insilation
hetvreen the terminals 59 and the eazing 43,
When guch an embediment is used. it ig pref-
erable to not only use the special sulfur of
the present invention but this embedment
sheuld be done by the processes or methods
nnrmnziev described. This method of em-
bedment provides an insulator for terminal
39 which is substantially a sulfur msulator
bly of the special compact eulfur of
invention, preotected b\* a mnoveelain
After embedment. the opening 65
plate 65% which is pref-

Iy soldering, and in the present structure T
ha
{

6y cnp(}

LRl

e 12
SRS
Ry c
(eI~
= 0
e -

w5
ek pmmed ek

—~

=l
joh
9%
2]
o
=
o N
v
—
(BN
T
O

oy e
<

b

2

o

o]

s

]
ja—
=

=
=,
2;

Lo

-
.
=
=l

ot

prefe
this
shell.
mayv be closed by a
a name p]ate,

The arrangement of terminals upon the
top of the condenser and the clectrical con-
neetion between the condenser and the cas-
mp allows the use of three different values

zm“ﬂltv in the condenser by—

(1) Tmploying the two terminals 59 as

the connections.
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and the casing ¢
(8) Employix g
})‘uallm connected
Uasm” 03 ag le 88
It 1s nreferable
sections or element:
so that wwhen used
aeross each section vw
groups were of unequa.
tentials would divide
pacities and the wcm(fw
smaller capaeity woul
tionmely greater strain tha
he gy up of larger
0‘1'oup.: are onnect v 5
Doceﬁml that can be
group may be applied
The capacity of the con
half the capaciiy of o1
elements. When the ¢
cne terminal and the
the p“tentml o1 a
Slied to the condenser
be tJL "“p'vu‘
When both
connected and form ons o
the condensu‘ and me cas
minal of the cun@ensﬂr the 1
omﬂe group mw be impre ed
the

{2) En 1p10ym

"4‘,

ulk—;;A
oups
tions )
a

(03¢

P
(RSN

‘Vlﬂ be h\lce the cap: Vhy of

ups. If the capacity of enc
tuken as unity, then the capac
grouping will be ome-halt
grouping one, and of
two, reupwtwnn'

Tn Figs. 11,12 and 13,1 h
by way ‘of an example, a moul
be emplored in building d‘o 'ﬂ/m

mbec'm g each in its ¢ty

ould COl"-l‘)l‘lSG“‘ a base
sulabvm material such
of vertically arranged s
thereon which alsc ave |

second
1’(‘110“1 o

! puir
vbes 71

ing material such as 7
engage, as shown In ¢ sides

of the armat
mold and of
arranged on
upon the ba
a part of th
at one en
d is n

or member
between plates
end of the mols
1}0“ rM
The mem

¢

e

>_
s
s =

5 3:5. [N)
(]

7

w

r\r'/

oer

oo
3
&
-
@ i

8] e 5
L
into which nts *be t b 36 t
armzﬂme 83, the tab and o]

propemy centered and secur

ber 72 by means OI a Tnel“ﬂ.
the remainder of recess 73 t
moid and prevent sulfur {r

around the tab 36 and screw 75 extending
transversely *:n' sugh block 74, tab 86 and
miember 72 fo hold them in place. The
armature 33 iy provided with flat edges 76
(see Fig. 10), on each side of the tab 36
¢ the inner surtace of the verti-

2. The armature 33 is elec-
v Conm f\d to the metal biock 72 and
entvally between the arma-
whon assembled as shown in *10
The upper portion of this membe: &
sered upwardly and outwardly at 77
facilitate the emocdclmg operation and
FenaGs soi 10 distance above the upper part
* the condenser to be formed in order to
provide a head of molten dielectric above
' pul"‘; which it is desived to embed so tha
voids o D’I cracks will form at a point above
| r being treated. unpo‘ sing the
portion 71 of the member 72 at the
1 LT mold and coustituting
wtlon of block 31 and elo-
““1bu* 78 which is upered
oubwardly as shown at 79 to
filling operation and with
her 72 and 31(163 71 forms a head for the
n :nadc ial 2 a point above the con-
The member 72 at one end and
members 78, 31 at the opposite end of the
wold are of some suifable condueting mate-
vial such as metal, for the purpose herein-
afrer described, and are insulated from each
other by base 70 and side plates 71. The
side mmes Ti ave secured to the end clo-
SUTeS qd :‘51 78 a 'ter armature 33 lns

S o
¥

JoN]

@
J»—v:

i
1
dtms
7

e._

co their ends by SCrevws 81 to the outer
adges f members 72, 31 and 78 and which
extend around LhO vertical edges and out-
gide of the plates 71 and nold them tightly
againgt the interinediate members. Further-
morve springs 80 as secured prevel t the verti-
cal il“cer“leﬂiate members  from  being

11 between the plates 71, thus
ming t he proper re elative poatlon ot

armaty 32 and 33. The slot 73 of the
member 72 is so arranged that the center
arinature 83 is centrally located hetween the
armatures 22. The serews 81 which secure
a spring 80 to member 31 may be threaded
into the same holes 310 Which Inter secure
the member 31 to the base plate 38 in the
final assembly of the condenser.

In { g the cmbedment 34, the assem-

sid, fiﬂ\ the condenser element 30
ion thevein as shown, 1s placed in
a1 oven an d brought to a temporature of
pr'oxmmiew 140° C. or to ten nperatures
at which suifur is a thin, watery liquid.
Quhnr which previously has been heat
treated as hercinafier descrvibed is heated
lO uppzoximzuuv 140° C. or to a tempera-
ture between 115° and 155° C. and strained
to remove extraneous matter. In this con-
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aiuon, the sultur 1s a thin, watery, hmpid sas between 17000 aud 20,000 volts maxi-
liquid, care being taken to mair Jtain the : a dieleetric 1/16 of an inch
temperature of the Liguid such that it is general, the potential applied
entirely limpid. The mold is filled with g5 should be of the order

b

this sulfur to the top, forming a head of « tude of the breakdown strength of
sulfur over the armatures. This filling may the suifur. The cuvrent may he o alter-
be under vacuum or witheut wTacumm. nating 500-cv w* current.
When vacuum is used. a move complete as-  The appi otentinl between the
surance of the removal of aiv from the prmsture e restilts n very
mold is obtained than that obtained Ly the close ac “I o glfur and the
simple bubbling up of the au’ throngh the | wppears to be of a
sulfur liquid due to the differcnce in the rmature  when
specific gravity of melten sulfur and the suliur embedment
The material is poured in Hmpid, - ppears mottled with sul-
this condition entrapped air does nob ex ‘ ;overy closely
in the sulfur mass as would he the case if y ol poten-
the sulfur were poured in its viscous siate. o t}w" and mechan-
After pouring or during the process o* pour- On tno Uther
ing, the end member 72 on the gue side a1 4 o the
the members &1 and 70 on the o3 *1;(&’{0 e - enol-
and couseqaently armatures ere “when w‘< len
subjected to an electric poien a ¢ ab the cleavage
them. In Tig. 12, T have 1”115“ 1 - ool f‘.‘
grammatically & circuit C for doing this, o
elect rically cornecf'ed to terminals T 1 m :mtm -
the members 72 and 78. It is nrefers ! plw T ‘hero
that this pote‘qthﬂ e :.wplicd and its ap; b ‘
cation maintained d 1111 - A
process. The cooling i £ “other metal pay
bottom up, 1. e., the bf\ ¢ nneckion with the applicatios
mfunt‘uned at a uempem p during the process hut also in the
lidification temperature of st uves cisclosed s sheuld Dbe such as ave
suitable cooling means . not apn: )lv chemical 5 attacked ov cor-
Preferably, the he Lfl s heate 1 meal ur, sueh s aluminum, iron ox
tained above the mels mvtemnumu of J"‘Wd tl mt <~\]mm and
fur, i. e., the sulfur above the condense: lead
heated to 2 temperature of approximat . The
140° C. during the initial stages of v desive:d
cooling operati(‘n This means may  the s
prise a Dunsen } burn 01 B nez:t ng a metz e der q
rod R sub Jl\ewtd in the liquid as illustrated. G oot an ineh we ml i
After the suifur has so 71a1ﬁec‘ to the desired ond has a break-
height above the armatuves, which is pref- (Jt?
erably slightly gre eater than the upper rar- nboﬂ may also
gin of the condenser, application of heat to 1 fion of dielectiic
the top of the mold may be S‘topped. The in othey sers and by ineans
electric potgntl‘h avove referred to is ap- cther tl £ Fijs 11 and 12.
plied continucusly during the (*mau 4 In consty uctions such as 1lustrated in Figs.
until the mass has solidified. The 1 to G, eruploying itable head, as llus-
tial is then dmco* tinued, the molc: opened, trated in broken ] ig. ‘}‘ attached to
and the element 30 with its dicleciric vew the | p of the cond enser, accord-
moved. The element 20 has attached to it o1 ot the condenser is to
the sulfur of the head. TM" may be cut ) I‘?"Wm the Dottem or through
off by a hot wire or knife, or sawed off. The the top, hcat the cos eosing and head
application of pmmt::ﬂ acress armoatures it : d 155°
392 and 83 dvr*:xa the cooling of the salfur . ur heat
has a mst‘.nct advantage in forming a com- tr ribed and heated
pact and non-porous form of sulfur free p ok ]“01’1'?1’10r to a tun—
from in ternal raing and in securing very b d below 155° C., then
close and intimate contact between the u}.— a1 t, that is, v,,x.mcr by
fur dielectric and the metal armatuves. e end dpplx ing heat
The voltage applied during ceoling of the at the hottom aione,
sulfur between the condenser plates or ar- dor above spect-
matures by the method descr ibed b by way of through the di-
example in an actual use of the invention some cases, it
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18, More ol lesg tex
o
¢

may not be necessary to apply potentintto the condition; that i
armatures. This last process of cooling rubberlike durin e
may also be employed without the applica- the embodiment of the lnvention
tion of potentml in cases where the sultur Tigs. 1d t\na 1».\ the conder
1s used simply as a filler avound stacks of comprises n plurality of sacti
different types as hereinatter more fvﬂ"‘ de~ “o('i'od jn serie: und having bebwe
scribed.  in some cases, it is prc"s"'-; 01 projecting boyond fI o
apply vacuumm to remove air {rom tne cas- 1]
ing and head before and during the pounv
ing in of the llqmd

In embedding from the e top or bettom
with the use of a head in “um forms of con-
densers described in gs. 1 to G, owWing
to the physical characteristics of the sulf
it has been found fhﬂ1 ult to ent off t
surplus embedment of sulfur in the head

the building of the

o

o
¢

U

a
&

flush with the casing m ovder that the geo:
cover or bottom may he fm}h ¢ This 7.
1 1 LY C

should preferably be done } oy
the surwinq sulfur dush it
For this purpose, I have pro
of appa 1"1t‘a_0 disclosed in i ig.
not to strain the sulfur by bre
ting, it iz preferable to 11,1&1-'
salfur which may be above tl
of the cosing. In the present
provided a civeular dizse 85
a central hole 86 adapted ¢ .Jki&_e ove

QL

Jt

2]

] .

N fem

threads upon the central terminel 8. s 15, The
the casing head is removed and as much of frnetion is preferably plaw
the sulfur is broken off ss is conven netal having a vemovable

without damaging the embedment Wiﬂ n through w 1‘1011 the casing :
the casing proper, the disc 18 heated 0 2 the steck 5 embedded with
tempexa‘hr above 155°C. and placed upon casing 97 is substantially

stanti
|

the th‘“erlded terminal and rotated by the Cress ~cti(m, converging at the um and 100

‘1’()1111(! 'ﬁ o

handle 87. Contact of thi‘; hot dise 85 hav ing an annular groove 1 2
with the sulfur melts the same until the en opez\ino 102+ i ihe casing
disc is flush with the casing. The dise can Groove 102 veceives the an
then be removed and the cover put in pﬂm— ot the xm"c“‘*‘m shell ov cap ¢
tion. In the present embodiment of the ing 102* and through ‘-Jnc tt
invention, the preferved pr“ of cover iz terminal 95 extends R ﬂ Thlcb :

oY

TOTININAL Y
a mica dise which i is se“ﬂrefl the shellby means of a pair of ny
contact with the sulfur ¢ ) threaded upon the terminal apon op-
the present case the surfa iy 1o Qlte sicles of the shell 96, suitable vubber
ment when the cover is w»phm »31110171’(1 se washers 106 being inte 1“)0%(1 bet‘\"cen the 110

eil and the nuts 101—10 [\" wrater-tight-
ness.  The shell 95 is se *'ec‘ n J)c proove
the converging LOD of the condenser

(‘

cover may be stuck to the same upon solidi-

suficiently viscous or fluid whereby the g¢h
fication of the emwdg ent. Thereafter the 3

)
1)
e}

Ity

nut above the central terminal Wﬂl hol”‘ the by means of suitable | QGTder such asg a lead-
cover in place against 1 ossible dislocation. antimony alloy, the terminal 95 beh g pre- 115
In cuses where tﬂe condenser is embedded i 5,7\' conne&ed to the central portion 94
through the bottom, the cover is first se- of the stack by a suitable conductor 104 ag
ured in pOS‘thD by an annular ring secur- gho WL W“he condnctor 107 consists of
ing the same to 41\@ top of the caging. T st ires which ave floved out or
armature 1 and fef‘m-v:”[' 8 ave conte b their inner ends sad ¢ 120
gecured in poqm(\ dividual wires %M( tered to the co

then poured in iorl“ bunches at 94 uniformly over the an

ment up against the illustrated in Fig. 15. This torm

same. After solidif ication, the ring is re- nection prevents the LeLumo o~ )
moved. foil tabs (swhich is pr eferably ol 125

I bhave also devised o farn’a of condenser tin) by the lead whi ch herebefor
which iz made by building up 2 stack com- sisted of a more or less shif o
posed of alternate conc nntor sheets and  which mrded to tear the foil tahs.
sheets of s sulfur, the sulfur sheets being so to apg DO"t me normally upper end of the

treated, prefern bl‘), that they are in plastic in spaced 1‘e1-~hon to the casing when 130
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removed and cut to size while still plastic.
Afterwards sheets formed as above-
described or by any other suitable process
are incorporated in a stack such as in the
stack disclosed in Figs. 14 and 15, the stack
being built while the sheets ave plastic and
the embedment E being also placed in the
casing while the said sheets are more or less
plastic before their final setting to the hard,
compact, non-porous, crystalline form which
is a characteristic of the sulfur of the
present invention. In the form of con-
denser shown in TFigs. 14 and 15, the
separators should have a thickness of ap-
proximately three times that of the dielec-
tric sheets, and the foil should preferably
be of aluminum and have a thickness of ap-
proximately 10 mils, although the materials
of the foil and the thickness thereof depend
upon circumstances and the use to which the
condenser is to be put.

Condensers such as the form disclosed in
Figs. 1 to 5, 14 and 15 may be embedded by
placing a head upon the top or bottom of the
casing, the latter then being in an inverted
position, applying vacuum to remove air
from the interior of the casing and head,
and pouring sulfur previously heat treated
as hereinafter described, in a molten con-
dition preferably heated to between 115°
and 155° C., filling the head and casing and
porcelain shell, if present, completely em-
bedding the stack and terminals and form-
ing a compact mass. The head should
preferably be maintained hot at the top and
the casing cool at the bottom to provide a
temperature gradient so that the solidifica-
tion will take place from the bottom up-
wardly. After the molten sulfur hag been
poured into the casing, the vactum may be
removed and pressure applied to the cooling
mass of sulfur, preferably air pressure, to
ensure a solid and uniform mass of filler or
dielectric, as the case may be.

Another method which may be emploved
for suddenly cooling masses of sulfur to
form the sulfur dielectric or filler of the
present invention is to heat the metal part
in which the sulfur is to be suddenly cooled
to about 140° C.; fill this metal part, un-
der vacuum if so desired, whether a casing
or mold, with or without a head. with
watery sulfur which is previously preheated
as hereinafter described and hronght to a
temperature of hetween 115° and 155° (.
heating both the receptacle and sulfur there-
in to a temperature of above 160° . and
below 180° C. to form the viscous sulfur;
placing this viscous sulfur with its container
in the chamber; applving pressure to the
mass of the sulfur while still hot, this pres-
sure preferably consisting of the application
of pressure such as compressed air to the
same; and then suddenly cooling the con-
tainer and sulfur while maintaining the

; .

pie This cooling may be done by
foreing o spray of water over the condenser
receptacle or mold under a force greater
than the pressure of air within the cham-
ber,

The product formed by the above proc-
esses and methods in connection with heat
treatment as horeinafter described and used
in connection with the condensers of this
invention such as disclosed. in which sul-
fur is used either as a combined dielectric
and filler, or in the sheet form, or simply
as a filler, is characterized by non-friability,
toughness, non-porosity, cohesion in its
mass, ircedom from internal strains, and
its great compactness compared to commer-
cial sulfur. The sulfur of the present in-
vention, whether used as a combination filler
end dielectric, or simply as a filler, or sim-
ply or a dielectric, is free from cracks, voids
and internal strains which cause the well-
known brittleness and breakdown. The de-
gree of compactness of the sulfur product
of the ahove processes is such that its density
is greator than the density of the commer-
cial sulfur, voll form, which has a specific
aravity of 1.92, the special sulfur of this

SSULYC,
ONE
ele

)

o
o

imvention having approximately a specific
#ravity of a rhombic erystal of sulfur which

is 2.07. This compactness is substantially
unifori, the dielectric, whether used as a
combination filler and dielectric or as a
filler, having a uniform consistency or ap-
pearance free from voids and cracks and be-
ing homoegeneous; that is, holosteric. The
comparabive compactness and porosity of
the sulfur of this invention and commercial
sulfur may be determined by applying a
mixture of red ink or other coloring inat-
ter and wood alcohol or other solvent to
each. The colored mixture permeates the
common form, being rapidly absorbed into
the mass of the material by capillary at-
traction. In the product of this invention,
no appreciable penetration occuvs. The
processes or methods employed in the pres-
ent invention not only provide a form of
sulfur having the characteristics above de-
seribed which distinguish it from the com-
meveial form, but also places and maintains
the sulfur in intimate contact with the ar-
matures without separating thersafrom upon
cooling. The means employed for doing
this reside first in the application of poten-
tial throngh the armatures and dielecrric
during the cooling process, in the case of
the first process; secondly, as in the case of
rapid chilling, by the application of pres-
sure to the dieclectric during the ceoling,
this compensating for any shrinkage due
to the solidification of the sulfur and main-
taining it in intimate contact with the ad-
jacent armatures.

In the above deseription of the suifur em-
bedment and dielectric of the invention used
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in connection with different types of con-
densers, I have referred to sulfur generally
without any reference as to whether or nof
any other materials may be incorporated in
the sulfur to render it more available for
use in condensers. Tt is within the scope
of the present invention, however, to incor-
porate or use in connection with sulfur as
a dielectric other materials in order to en-
hance its value as a practical dielectric in
condenser manufacture, such as the eutectic
materials referred to in the accompanying
application of G. W. Pickard, filed April
28, 1921, S. N. 465,079.

The present invention provides a com-
pact, cheap condenser for general usage but
especially adapted for low capacity and
high voltage work and in which the sulfur
is used as a dielectric, filler, or combination
filler and dielectric. Sulfur when treated
by the processes herein described is superior
to wax for a filler or dielectric, or both, be-
cause of its higher dielectric constant and
lower loss compared with wax at higher
temperature and because sulfur withstands
temperatures of a relatively higher order
and where brushing occurs does not under-
@o chemical change. Wax, on the other
hand, carbonizes and releases water at
higher temperatures. Another property of
sulfur is its ability to withstand breakdown
and reheal without any change whatever
and its apparent greater thermo conduc-
tivity as compared with waxes.

An advantage of the use of sulfur as here-
in processed or treated in condensers of this
character resides in the fact that no binder
or supporting material such as paper or
other fibrous material, having poor dielec-
tric properties, is necessary in order
to maintain the sulfur in proper con-
dition within the condenser. The con-
denser constructions of the present in-
vention co-operating with the special proc-
esses or methods herein provided secure
compact, non-porous, non-brittle, dielectric
which requires no supporting medium of in-
ferior dielectric propertics such as the paper
or other fibrous material above described,
although it is contemplated in some cases
to use a dielectrie therewith in the nature
of a eutectic in which small amounts of
fusible dielectrics having lower melting
points than sulfur may be incorporated and
mixed thoroughly with the sulfur to render
the same more available for the purposes
of this invention.

A valuable feature in connection with the
use of sulfur as a dielectric or filler is that
when it breaks down, it heals immediately
and is unimpaired. In cases where a section
of sulfur dielectric has been broken down
several hundred times, its final breakdown
voltage was higher than its first. This is
unique among condenser dielectrics, and

resides in the fact that sulfur is an element
and cannot be decomposed by an electric
discharge.  All that happens when sulfuor
dielectric breaks down is the momentary

formnation of a gaseons or liquid sulfur, 7

which interrupts the electric discharge, lig-
uid suliur having a bigher breakdown
strength than solid sulfur, and which at
once solidifies and restores the condenser to
its oviginal or better condition. With wax,
a breakdown forms carbon and the dielec-
trie is weaker than before. Similarly, with
mica, the solid is either punctured beyond
repair, or the chemical composition 1s so
broken down ag to form a conducting path.
Again, it the sulfur diclectric should hap-
pen to crack, this crack will rapidly be
healed and sealed up because the rush of cur-
rent following a breakdown seals the fault
almost instantly. Fer instance, a 14" layer
of sulfur showed initial breakdown of about
20,000 volts, but after a number of break-
downs its dielectric strength rose to over
42,000 volts. The ideal condenser dielectric
is then a simplenon-conducting chemical ele-
ment, having suitable insulating and dielec-
tric qualities, such as sulfur or selenium.

To ensure rehealing of sulfur or selenium
dielectric, the armatures of the condenser
should have a fairly good thermal conduc-
tivity and should be composed of relatively
high melting point metals which are not
appreciably attacked by sulfur to form sul-
fides under localized heating dune to break-
dewn. For instance, thin foils are less
suited than heavier elements having greater
thermal conductivity, Suitable materials
for rehealing condensers are aluminum,
brass end iron, which are sufliciently chem-
ically mmert to sulfur under service condi-
tions as contrasted with copper, which is
readily attacked by sulfur. The degree of
the several qualities or properties required
in armatures can be vavied yelatively to each

other.  Tor jnstance, if the thermal con-
ductivity is zelatively high, the melting

point may he velatively Tower and the de-
gree of chemieal imertness to sudlur may be
less. T any event, the character ov gnality
of the armaturves should be such that sul-
fices or metal streaks will not form a con-
ductive path throngh the sulfur upon heat-
ing due to bhreakdown. Tnder the above
conditions, the sulfiur will immediately re-
heal, leaving the condenser in its original
condition. '
Before the above-described processes or
methods are performed, the sulfur wuscd
therein is preferably previously prepared by
melting the roll sulfur of commerce and heat-
ing the molten sulfur for a period of several
hours at a temperature to maintain it in a
molten condition (either viscid or liquid, or
both). This heat treatment causes a change
in the commercial sulfur, which may be due
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to the removal of gases or water, or other
entrapped volatile substances in the com-
mercial sulfur, and produces a cast which
is compact, hard and cchesive, as contrasted
with the cast prepared by simply bringing
commercial voll sulfur up to the molten
condition and allowing it to eool. The time

required to produce the sulfur with the
above properties will vary directly with the
temperature at which it is heated. Tor in-

stance, I have obtained very good results by
heating the sulfur for five hours while
maintaining the temperature at about 185°
C., and very good results by maintaining a
temperature of 170° C. for about ten hours.
At temperatures above 185° (., the sulfur
tends to catch on fire. Roll sulfur that has
been simply heated and allowed to cool pro-
duces a cast which generally is a loose
crystalline mass lm;'n“ a \e:\ small co-
hesion in ifs body. All the sulfur used in
the herein-described processes or methods
should preferably be heat treated prior to
its use as a condensger dielectrie or {iller ma-
terial, ov both.

It is to be understood that the invention
is not limited to the embodiments and fea-
tures specifically shewn and described heve-
in, but that such embodiments and features
are subject to changes and modifications
without any departure from the spirit of
the invention.

I claim:—

1. In an electrical condenser,
metal armatures, the outer armature consti-
tuting a casing, a cover of insulating ’nx’ce—
vial for said casing, a terminal projecting
centrally through said cover a d connected
to an inner telmlnol and an embedinent of
sulfur within said casmo

2. In an electrical condenser, a casing, a
condenser member within said casing, an
embedment of solid moldable insulating ma-
terial cast within said cas ng surrounding
and mechanically support aid member,
n light, weak insulating cover secured to
said (<l§l]‘<' by means of said embedment,
and a terminal front said member extending
through said cover and clawped thereto.

3. In an clectrical condenser, concentric
arinatures, one of said armatures constitut-
ing a casing for the other from which it is
spaced, an embedment of moldable insulat-
ing material cast within H‘:lid asing and
between said armatures cons (n(mo the

concentric

condenser diclectrie, a light, weal cover of
insulating material secured to said ea 1sing
by means of said embedment, and a termi-
nal projecting centrally thloUOh said cover
and attached thereto and connected to an
inncr armature.

4. In an electrical condenser, concentric
armatures, ocne of which constitutes a cas-
ing, an annular member of insulating mate-
rial enclosing the upper portion of said
casing, the upper edge of said annular
member being provided with a vecess, com-
bined filler and dielectric of solid fusible
insulating muterml within said casing and
between sald armatures, a thin cover of
mica mounted upon said annular member
within said recess and secured thereto by
the backing of fusible insulating material,
and a terminal projecting centrally through

said mica cover and secured thereto and |

connected to an inner armature.

5. In an electrical condenser, concentric
armatures, one of which constitutes a cas-
ing, an embedment of compact, non-porous
sulfur within said casing constituting a di-
electric, & mica cover for said casing in close
contact with said sulfur which forms a
backing therefor, a terminal projecting cen-
trally through said mica cover and secured
thereto and conmnected to said inner arma-
ture, and means interposed between the edge
of said cover and the casing for increasing
the creepage distance between the inner ar-
mature and the outer armature.

6. In an electrical condenser, a casing, a
condenser member mounted in said casing,
an embedment of moldable dielectric cast
within said casing, a mica cover supported
upon said casing in recesses on the upper
ecdge thereof and secured to and supported
by a backing of said dielectric, and a ter-
minal projecting centrally through said
cover secured thereto and connected to said
condenser member.

7. In an electrical condenser, the combi-
nation with concentric metal avmatures, one
enclosing the other and having a terminal-
opening; of a cover of insulating material

for said opening; a meldable diclectric cast
in said casing-armature in the space Dbe-
tween the latter and the enclosed armature,
and a terminal from the enclosed armature
extending out of the casing-armature by
way of said casing-cover
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