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Our invention relates to insulating material, 
and more particularly to an insulating material 
that is capable of generating non-infiammable 
vapors when exposed to the heat developed by 

outer sheath is capable of generating gases in 
the presence of an electric arc, when a fault oc 
crs in the outer sheath orin the inner conductor, 
the arc occurs “inº the insulation in the same 

5 electric arcs. Way as the oil circuit breaker arcis “in' the oil. 5 
The principal object of our invention isto pro- In both cases, the arcis in a gas pocket or bubble. 

vide an insulating material that is capable of gen-, This gas and the arc in it, however, are not in a 
erating non-infiammable gases at elevatedtem- quiescent state but are being violently stirred by 
peratures. the turbulent mixing of a largevolume offresh, 

10 Another object of our invention is to provide relatively cool, unionized gas into the gas con 10 
an insulating material in the form of compressed taining the arc which comes from the decompos 
blocks, slabs, plates or other shapes Which is ca- ing insulation. This turbulent inpouring of 
pable of evolving non-infiammable gases When fresh gas causes the extinction of the arc in cir 
exposed to the heat of an electric arc. cuits of higher voltage than would otherwise be 

5 A further object of our invention is to provide possible. The gases coming from the therma 5 
a cable comprising an inner conductor, an outer decomposition of organic insulation in cables are 
conducting sheath, and an insulating material generally regarded as a nuisance, and since they 
interposed between the conductor and sheath, are inflammable, they may even constitute an 
which is capable of evolving non-infiammable explosion hazard. Nevertheless, our researches 

2o gases when the insulationis exposed to the heat show that, because of the effectiveness of gases in 2o 
developed by an electric arc. extinguishing arcs, they are extremely useful, if 
In constructing cables, comprising an inner not essential in the proper functioning of cables 

insulated conductor and an outer sheath, espe- utilized in low voltage, alternating current net 
cially those utilized in electric lighting service or works. 

25 in the transmission of power, it has heretofore We have made the discovery that, if an insu- 25 
been the practice to utilize an organic insulating lating material that is capable of generating a 
material, such as oil impregnated paper, rubber, non-infiammable gas is utilized between the con 
etc., as an insulator between the inner conductor ductors in which arcs are liable to occur, such 
and outer sheath. Inorganic material, such as as cables, the arc which usually occurs will be 

30 porcelain, glass or earthenware has also been promptly extinguished. By utilizing such a ma- 30 
employed for this purpose. terial, We are, therefore, not only able to secure 
When faults occur in cables of Such types the benefit resulting from the generation of gases 

either through defective material or construction but since the gases generated are non-infiam 
or when the cable is accidentally punctured by mable, the danger from explosion is avoided. 

35 workmen, an arcis often produced between the Our invention Will be better understood by 35 
conductor and the outer sheath, orbetween the reference to the accompanying drawing, in Which 
broken or punctured conductor, which, if not Figure 1 is a perSpective view of a compresSed 
promptly extinguished, is liable to cause eXplo- cylindrical block composed of our improved insu 
sions in the event that the surrounding atmOS- lating material, 

40 phere of the duct contains inflammable or com- Fig. 2 is a similar View in Which the insulating 40 
bustible gases. When organic insulating mate- material is compressed in a semi-cylindrical 
rial is utilized, the danger from eXplosion is ac- form, 
centuated because in Such cases When an arc Fig. 3 is a cross Sectional View of a cable, show7 
occurs, the organic insulating material decom- ing a central conductor, an outer sheath, and 

45 poses and a gas is evolved which is itself eXplo- insulating material interposed between the two 45 
sive. Consequently, the use of organic material conductor and sheath, 
for such purpose is particularly dangerous. .. Fig. 4 is a similar view showing another mod 

In making investigations on the extinction and fication, and 
reignition characteristics of arcs, it has been defi- Fig. 5 is a sectional view showing a plurality of 

50 nitely ascertained that where gases are generated conductors surrounded by a sheath containing 50 
by the decomposition of material by the heat of an insulating materia. 
the arc, the characteristics are remarkably Referring to Figs. 1 and 2 of the drawing, Fig. 1 
changed. For example, in cables of the type shows a block of our improved insulating material 
mentioned, in which the insulated materialin- which has been consolidated into cylindrical 

5 terposed between the inner conductor and the form by means of pressure and Fig. 2 shows a 55 
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block which has been compreSSed into Semi 
cylindrical shape by similar means. 

Figs. 3, 4 and 5 illustrate how the insulating 
material may be applied to cables Such as those 
utilized in low-voltage, alternating current net 
works, which are employed for the transmission 
of electricity for light or power. Such cables 
usually consist of an inner conductor 3, Which 
may be either a single conductor or a plurality 
of Strands, as shown in the draWing, and an 
outer sheath 4 which is preferably made of lead. 
The inner conductor and the Outer sheath are 
insulated from each other by means of our im 
proved insulation Which may be formed entirely 
of compressed material, as indicated at 5. In 
order that the cable may be slightly flexible, hoW 
ever, the insulation is preferabiy forned of alter 

, nate layers of a pulverulent, in Sulation interposedi 
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between pieces of the compressed insulation. The 
compressed pieces may be of the form disclosed 
at, 5 in Fig. 3 or of the form indicated at 7 in Fig. 
4. Efflexibility is of paramount importance, how 
ever, pulverulent material may be utilized alone 
between the inner conductor and the outer 
sheath. 

In Fig. 4, the compressed piecesare of substan 
tially elliptical shape, as shown at 7, and the in 
terstices between the outer edges of the elliptical 
pieces and the additional Space between the in 
ner conductor and the Outer sheath is filled With 
pulverulent material, as shown at: 8. It Will 
be understood, however, that the shape of the 
compl'eSSed pieces and the form Which the inter 
Vening pulverulent material assumes, as shown in 

5 the drawing, is merely illustrative as othershapes 
Will be apparent to those skilled in the art With 
out departing from the spirit of the invention. 
It is highly desirable, however, to utilize, as much 
aS possible, of the compressed material because of 
its greater mechanical strength, but When some 
leXibility is essential, a portion of the insulation 
should be in the pulverulent form, as illustrated 
in Figs. 3 and 4 of the drawing. 
Another method of utilizing our improved ma 

terial in cables is shown in Fig. 5 of the drawing. 
In this example, the insulating materialismolded 
to the desired shape or placed in a pulverulent 
form in a sheath of insulating material io, such 
as asbestos or spuin glass and then wrapped 
around the conductor or strands or the asbestos 
sheath may be first impregnated with the pulver 
ulent material and a binder, or treated With a 
material, Such as sodium or potassium silicate 
before being Wrapped around the cable. In the 
latter examples, the sheath may be utilized by 
itSelf or may contain the compressed or pulveru 
lent material. Either one ora plurality of con 
ductors 9 may be utilized, depending upon the 
particular lighting or power system employed. 
In case a plurality of conductors are utilized, as 
in the three-phase three-conductor lighting or 
transmission System, an extra additional water 
proof insulating material I such as impregnated 
cloth or mica tape may be employed for the 
purpose of binding the conductors compactly to 
gether and to fill the Space between the con 
ductors and the Outer Sheath. While it is true 
that in this modification Some organic material 
is utilized, the amount Will be relatively Small. 
The particular insulating material utilized 

must have a comparatively high insulating value 
and must be capable of generating a gas in the 
presence of the arc, which is not infiammable. 
VVe have found that boric acid, gypsum, plaster 
of Paris, borax, magnesium carbonate, basic mag 

2,077,282 
nesium carbonate, ammonium carbonate, allumi 
num ammonium sulphate, or the carbonates or 
bicarbonates of the alkali oralkaline earth met 
als, or a mixture of tWo or more of Such com 
pounds, are suitable. As a rule Such compounds 
decompose and give off vapor at temperatures be 
loW 500°. The insulating material may be uti 
lized in the pulverulent state, or it may be com 
pressed into the form of blocks, as indicated in 
the drawing. Asbestos fibers, porcelain, glassor 
other inert material may be substituted in 
amounts ranging from one part of asbestos, or 
other inert material, up to 30 parts of the insu 

i lating material, although higher amounts, even 
' up to 80%, of the inert material may be utilized. 
When asbestos is utilized as a filler, however, the 
amount should be kept low, say less than 30%, 
and preferably less than 5%. If desired, the in 
Sulating material may be provided, especially for 
SOme pllrpoSeS, With a Supporting or backing plate 
or With Suitable heat conducting fins. 
We prefer to utilize boric acid or gypsum. 

These materials Will extinguish short circuit arcs 
betWeen conductors spaced one-fourth inch apart 
at voltages up to 750 R. M. S. Boric acid is only 
one-tenth as conducting as talc, and one-thir 
tieth as conducting as magnesium carbonate. It 
is not only an excellent insulator, but it also has 
vely favorable arc extinguishing properties, When 
decomposed in the presence of the arc. Its ex 
cellent arc eXtinguishing properties are undoubt 
edly caused by the fact that gases are given off 
in the form of Water vapor, when the material 
is decomposed in the arc. Boric acid may also 
be readily compressed into cakes, cylinders or : 
Other Shapes suitable for use in cables. Pressure 
in amounts up to 25 tons per square inch has 
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been utilized although the cakes may be formed 
With much less pressure. For example, cakes 
Suitable for insulating purposes have been formed 
in laboratory eXperiments by means of simple 
pressure clamps. 

i Improved cables, in which our insulating ma 
terial is utilized in compressed form, have ex 
cellent physical properties, and the danger from 
eXplosions caused by the decomposition of infiam 
mable gasesis completely avoided. 
Although We have described our invention in 

considerable detail, it will be understood that 
Various modifications may be made therein With 
out departing from the spirit of our invention. 
For example, the insulating material, either With 
or Without fillers, supporting plates or cooling 
fins, may be utilized for various purposes, such 
as fuses, or inserts in the arc chamber walls of 
circuit breakers. The material may also be sub 
ject to heat treatment either during or subse 
quent to the molding operation. The tempera 
ture of Such heat treatment, however, should not 
exceed the decomposition temperature of the in 
Sulation. 
Other modifications of our invention will be 

come apparent to those skilled in the art without 
departing from the spirit of our invention. It is, 
therefore, desired that only such limitations shall 
be imposed thereon as are indicated in the ap 
pended claims. Where the claims state that the 
arc extinguishing and insulating material re 
mains as a solid at ordinary room temperatures, 
a temperature of approximately 70° Fahrenheit 
is meant. 
We claim as our invention: 
1. In electrica apparatus, a member of arc ex 

tinguishing material comprising a self -Sustaining 
block Which remains solid at ordinary room tem 
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2,077,282 
peratures and said self-sustaining block When 
heated by an arc evolving gas substantially all 
of Which is non-infiammable and readily con 

- densableto effect the extinguishment of the arc. 
5 2. In electrical apparatus, an electrical insu 

lating material therefor that is capable of ex 
tinguishing arcs when subjected to the heat there 
of including at least 70% of boric acid in the free 
state. 

10 3 In electrical apparatus, a member of con 
ducting material on Which an arc may play, and 
an arc extinguishing material composed of one 
ormore substances, all of Which are inert except 
for a quantity ofboric acid in the free state com 

l5 prising at least 20% of the material. 
4. In electrical apparatus, a pair of members 

of conducting material at different potentials, 
and an insulating material therebetween com 
prising substantially entirely a substanceselected 

20 from a group of materials consisting of boric acid 
and gypsum in the form of a rigid block-like 
member. 

5. In electrical apparatus, an arc extinguishing 
material having the form of a rigid block and in 

25 cluding only inorganic material, a quantity of 
Which sufficient to effectively extinguish arcs is 
of boric acid, 

6. An electrical insulating material comprising 
a block of material of good dielectric strength 

30 which remains in solid block format ordinary 
room temperatures and which emits substantial 
ly entirely a non-infiammable, readily condens 
able vapor When acted upon by an arc to ex 
tinguish the arc. 

º 7. In electrical apparatus, a member of con 
ducting material on which an arc mayplay anda 
quantity of material effective to extinguish the 
arc including at least 20% of boric acid posi 
tioned along the path of the arc, 

40 8. In electrical apparatus, a member of con 
ducting material on Which an arc may play and 
one or more rigid cakes of a material including 
a substantial quantity of boric acid in the free 
state along the path of the arc, said material 

evolving only non-infiammable gas when acted 
upon by the arc. 

9. In electrical apparatus, a member of con 
ducting material on Which an arc may play and 
an insulating material of high dielectric strength 
along the path of the arc in the form of a self 
sustaining block which remains solid at ordinary 
room temperatures and said block of insulating 
material when subjected to an arc evolving gas 
substantially all of Which is non-inflammable 
and readily condensable to extinguish the arc. 

10. In electrical apparatus, a member of con 
ducting material on Which an arc may play and 
a self-sustaining block along the path of the 
arc which remains solid at ordinary room tem 
peratures and said self-sustaining block When 
subjected to an arc evolving gas substantially all 
of Which is Water vapor to extinguish the arc, 

11. An electric insulator comprising a rigid 
block composed of boric acid. 

12. In electrical apparatus, a member of cOn 
ducting material on Which an arc may play, and 

- an arc extinguishing material for the arc com 
prising a compressed block of boric acid. 

13. In electrical apparatus, a member of con 
ducting material on Which an arc may play and 
a quantity of material effective to extinguish the 
arc positioned along the path of the arc, said ma 
terial including a major part of boric acid. 

14. In electrical apparatus, a member of con 
ducting material on which an arc may play and 
a quantity of material effective to extinguish the 
arc including at least 20% of boric acidi in poW 
dered form positioned along the path of the arc. 

15. In electrical apparatus, a member of con 
ducting material on which an arc may play and - 
a quantity of material effective to extinguish the 
arc positioned along the path of the arc, Said 
material including boric acid partly in powdered 
form and partly in solid blockform. 

ALBERTP, STROM. 
CLINTON L.DENAULT. 
LEON McCULLOCH. 
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