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GAs-INsULATED ELECTRICDEVICE 
Franklin S. Cooper, Schenectady, N. Y., assignor 
to General Electric Company, a corporation of 
New York 
Application July 27, 1937, serial No. 155,943 

4 Claims, (C. 175-361) 
The present invention relates to gaseous insu 

lation and its object is to provide gaseous insula 
tion having a materially higher electrical break 
down strength than ordinary air insulation, and 
particularly it relates to gaseous insulation which 
is capable of advantageous use at superatmOS 
pheric pressures. 

It has been suggested to employ for insulating 
purposes in an electric transformer mixtures of 
compressed nitrogen and helium, but the gain in 
insulation obtainable with such gases has not 
been great enough to warrant the increased cost 
entailed by gas-tight containers and the means 
for keeping them charged. 
I have discovered that unexpected and mark 

edly superior results are obtained by employing 
as insulating and dielectric materials in high 
voltage electric devices gaseous compounds con 
taining combined fluorine, and preferably com 
pounds containing both combined chlorine and 
fluorine, such gas being used either alone or With 
an associated diluent gas, which preferably should 
be inert chemically With respect to the fuorinated 
compound and not readily condensible. By “high 
voltage' I means to include potentials materially 
higher than those in use in ordinary domestic 
electrical appliances. 
Although gases containing combinedi fuorine 

as a class are electronegative in character this 
fact alone does not determine the high dielectric 
strength of Such gases. Other characteristics 
appear to play important parts and Such other 
characteristics may operate to require higher 
voltages to be impressed before free electrons in 
the gas can acquire sufficient energy to initiate 
processes leading to electric breakdown. The 
molecular characteristics of Such gases may in 
crease the breakdown voltage by complicated 
phenomena involving capture or attachment of 
free electrons by molecules, orloss of their energy 
as by dissociation of a molecule by collision or 
by inelastic collisions. 

I prefer for the purposes of my invention to 
employa chlorine-fluorine derivative of aliphatic 
hydrocarbons, and particularly chlorine-fuorine 
derivatives of hydrocarbons containing one or 
two carbon atoms, that is, of methane orethane. 
Such halogenated hydrocarbons have a substan 
tial gaseous phase over the range of tempera 
tures normally encountered, in the operation of 
electric devices. 
In the accompanying drawings, Figs. 1 and 2 

are graphs in Whichelectric breakdown voltages 
are plotted for different pressures of such gas 
eous insulation; Fig. 3 is a side elevation, party 

in section, of a device consisting of a transformer 
and X-ray tube contained in a Sealed housing 
charged With gas under pressure; FigS. 4 and 5 
respectively are longitudinal and cross-sections 
of a cable length embodying my inVention; and 5 
Figs. 6 and 7 illustrate in section circuit-breaking 
devices embodying my invention, 
A preferred fluorinated gaseous hydrocarbon 

used in accordance With my invention is dichloro 
diffuoro methane although other hydrocarbon 
derivatives may be used. Preferably the chosen 
compounds should have an appreciable gaSeous 
phase at the ordinary operating temperatures of 
the electrical device and in many cases should 
remain gaseous even When subjected to consid 
erable compression at such temperatures. The 
following additional gases and vapors are avail 
able for use in accordance With my invention, the 
choice of a particular gas depending on the con 
ditions of the Service for Which the gas is in 
tended; monochlorotrifluoro methane, CCF, 
trichlormonofluoro methane, CCl3F, dichlorotet 
rafiuoro ethane, C2Cl2F4, trichlorotrifluoroethane, 
C2Cl3F3, and carbon tetrafluoride CF4. As a class, 
these compounds, including dichlorodifluoro 
methane, are stable chemically and electrically, 
are non-infiammable and have other desirable 
properties for the present purposes, being sub 
stantially non-corrosive with respect to metals. 
As shown in the graph of Fig. 1, the voltage 

values at which electrical breakdown occurs be 
tween rounded electrodes immersed in dichloro 
tetrafluoroethane, CaCl2F4 and for dichlorodi 
fluoromethane, CCl2F2, at pressures, both above 
and beloW atmospheric pressure, are higher than 
the voltage values under corresponding conditions 
in nitrogen at the Same pressures. The ordinates 
of the graphs, Figs. 1 and 2, are in arbitrary units, 
one unit being approximately equal to 0.9 kilo 
volt. The abscissae are in gas pressure units as 
indicated. As corresponling graphs for other 
gases Would lie close to those shown (for example, 
for monochlorotrifluoromethane) only two 
graphs have been shown. At any substantial 
pressure the breakdown Voltage in dichlorodi 
fluoromethane is apprOXimately two and one-half 
times greater than the breakdown voltage in 
nitrogen at the Same pressure, the breakdown 
voltage of the ethane derivative being still higher. 
With a given apparatus the permissible peak 
operating voltage is increased approximately two 
and one-half times by the substitution of di 
chlorodifluoromethane for nitrogen at thesame 
pressure. When no increase in operating voltage 
is desired for a given service, then the apparatus 55 

10 

15 

20 

25 

30 

35 

40 

45 

50 



O 

5 

20 

2 

30 

3 

40 

45 

for giving this service may be correspondingly 
decreased in size and, therefore, in cost When 
using as the insulating medium a gas containing 
combined fuorine instead of nitrogen at thesame 
pressure. The dichlorodifluoromethane gas has 
a dielectric strength at 90 pounds per square inch 
pressure (absolute) which is 15.3 times greater 
than the dielectric strength of nitrogen at atmos 
pheric pressure. At 90 pounds pressure this gas 
has substantially the sane dielectric strength 
as nitrogen at: 225 pounds pressure. 
When it is desirable touse pressures about 90 

pounds per square inch, either the operating 
temperature can be increased, thus increasing the 
pressure, Oran inert gas, Such as nitrogen, can be 
added to any desired total pressure, or a com 
bination of these two steps can be used. The 
pressure-temperature relations of these gases are 
known, hence, for the sake of brevity, no numeri 
cal examples are stated herein. 

Fig. 2 shows the effect on the breakdown volt 
age of adding nitrogen to dichlorodifluorometh 
ane when the latter is in?tially present to 90 
pounds per square inch (absolute), this being the 
vapor pressure atroom temperature. The break 
down voltage of the mixture is shown by the 
dotted part of the graph to be greater than that 
of nitrogen alone at the same pressure. Thus, 
for example, the dielectric strength of Such mix 
ture of dichlorodifluoromethane and nitrogen at 
a pressure of 200 pounds per square inch (abso 
lute) is 18.1 times greater than it is fornitrogen 
alone at atmospheric pressure. Trichloromono 
fluoromethane gives a somewhat greater gain in 
dielectric strength than dichlorodifluoromethane 
When operation at atmospheric pressure is de 
sirable. This gas also has good physical and 
chemical properties and has a dielectric strength 
three times greater than nitrogen under thesame 
conditions. 

For operation at room temperature and mod 
erate pressures dichlorotetrafluoroethane offers 
special advantages since its vapor pressure lies 
in a desired range and, as shown in Fig. 1, its 
dielectric strength is approximately three times 
that of nitrogen at the same pressure. 

In place of nitrogen other fixed gas such as 
helium, or hydrogen, may be admixed with the 
fuorine-containing gas. Such mixtures contain 
ing hydrogen gas have an almost linear relation 
ship between the dielectric strength and molecu 
lar concentration. Upon complete replacement 
of one atmosphere of hydrogen by one atmos 
phere of dichlorodifluoromethane, the delectric 
strength is increased by a factor of about 4.4. 
Partial replacement of the fxed gas by fuori 
nated vapor results in more than proportional 
improvenent in dielectric strength. Eovvever, 
in the event of an electric discharge in a mixture 
of Such a fuorinated gas and hydrogen, an ap 
preciable gaseous product is formed which is 
corrosive in nature. Hence, hydrogen-containing 
mixturesmay be less advantageous than mixtures 
containing only chenically inert gases. 
The high dielectric strength of the gas or gas 

eous mixture chosen in accordance with my in 
vention may be advantageousy employed in a 

i device such as shown in side elevation in Fig. 3 

TO 

S 

compristing a high voltage transformer and an 
X-ray tube. Except for an outwardy-projecting 
tubular extension 0 of the X-ray tube, the trans 
former and the X-ray tube are housed within 
a sealed tankll, which is charged with the chosen 
fuorine-containing gas orgaseous mixture. The 
transformer consists of a core 2, a primary wind 

2,221,670 
ing l' and a secondary Winding , sections of 
the latter being connected by conductors 5, 1, 

and B to intermediate conductive segments of 
the X-ray tube. These segments serve to couple 
intermediate non-conductive sections l9, 20, 2 i 
and 22 to form a segmented sealed envelope as 
described more fully in Patent No. 2,144.517, is 
sued January 17, 1939, to Willem F. Westendorp, 
and assigned to the sane assignee as the present 
application. 
The portion of the X-ray tube Within the cas 

ing lis provided with a thermionic cathode (not 
shown), the tube portion projecting exteriorly 
and the exterior portion 0 is provided with an 
artificially-cooled target 25 of suitable refractory 
metal for radiating X-rays when bombarded with 
high voltage electrons, a Window 2 being pro 
vided to permit the escape of the useful beam of 
X-rays. A sheath 27 of lead, or other suitable 
material impervious to X-rays, is provided, the 
sheath being connected to the metallic container. 

The primary winding 3 of the transformer 
which may consist of a helix of copper ribbon is 
connected to an external source of potential (not 
shown) by the conductors 29, 3, which may be 
insulatingly sealed to the Wall of the metal con 
tainer f. The secondary winding 4 is grounded 
at one end to the container il by a conductor 
Il Which may include a current meter S2. The 
opposite end of the secondary winding 4 is con 
nected to the cathode of the X-ray tube (not 
shown). The core l 2 of the transformerincludes 
One ormore laminae of high magnetic reluctance, 
preferably consisting of a non-magnetic solid ma 
terial, such as a phenolic condensation product, 
in order to increase the transformer magnetizing 
current to a value commensurate with that of 
the charging current, such laminae being indi 
cated at 3 and 4. 
An electric device, such as described, When 

filled with a high grade insulating liquid, such 
as mineral oil, may be operated with a voltage 
of about 600 kilovolts without likelhood of elec 
trical breakdown during operation. When, how 
ever, the casing is filled with a gas selected in 
accordance with my invention, tnen the permis 
sible operating voltage may be increased materi 
ally. For example, when employing dichlorodi 
fluoromethane or dichlorotetrafluoroethane at a 
pressure of 30 pounds per square inch absolute, 
the permissible operating voltage may be in 
creased to 750 kilovolts, a gain of 25 percent. 
Over the range of 30 to 90 pounds per square inch 
pressures, the improvement in insulation is even 
greater as indicated in the graphs. 

It should be understood that the advantages of 
ny invention may be obtained in a transformer 

l 

sealed in a casing and filled with a gas contain 
ing substituted fuorine but not associated with 
an X-ray tube or similar device. Likewise, these 
Gases can be used to insulate an X-ray tube not 
in the same containing envelope asits voltage 
source. It is not required that the fuorine-con 
taining compound should be wholly in the vapor 
phase and in sonne cases the presence of some 
liquid phase in the container is a positive ad 
vantage. It assists heat transferby its evapora 
tion and recondensation, and constitutes a res 
ervoir or source of gas. Bovever, it is the gase 
ous phase of the compound which functions as 
the dielectric medium. 
As aready indicated, nyinvention may be em 

ployed in other forns of electrica apparatus. 
For example, as shown ings. 4 and 5, a cable 
compristing Asheath and a core 8 separated 
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2,221,670 3 
and insulated from one anotherby insulators 40, 
4lare operated with the space between the sheath 
38 and conductor 39 flled With a charge of fuor 
ine-containing gas under pressure in accordance 
with my invention. It should be understood that 
the insulators 40 and Alare Only diagrammatic 
representations of insulators and that various 
forms of insulators may be used Without depart 
ing from my invention. 
As shown in Figs. 6 and 7, and as claimed and 

more fully described in an application, Serial No. 
198680, filed by D. C. Prince on March 29, 1938, 
Such a gas may be employed advantageously in 
a contactor device. In the contactor shown in 
longitudinal section in Fig. 6, the stationary 
contact member 43 and a movable contact mem 
ber 4 are surrounded by housing 45 which com 
prises a metallic member 46 and insulator and 
a Suitable ining 48. The novable contact mein 
ber 44 is mounted on a magnetic core member 49, 
Which noves in a Slotted guide 50, is operated 3y 
the magnetic coi 5. When the coi 5 is ener 
gized the movable contact 44 may be drawn away 
from the stationary contact 43, the Spring 52 
being thereby placed under compression. The 
interior of the housing 45 may be charged with 
a suitable gas, for example, dichlorodifluoro 
methane, through a tube 53. An outleti tube 54 
may be provided to permit the discharge of the 
gas With greater facility. 
The circuit breaking device shown in Fig. 7 

consists of a Sealed container 55 containing the 
stationary contact 56, through which passes an 
exhaust orifice for the container 55. A novable 
contact 5 can be noved in and Out of engage 
ment with the fixed contact 56 by means (not 
shown) operating on the stem 58 of this contact. 
A suitable gas is introduced by the tube 59. 
When the contacts 56 and 57 pull apart, thereby 
striking an arc between them, then the charge 
of gas in the container SS escapes through the 
orifice 60 and puts out the arc, The fuorin 

ated gas causes rapid extinguishment of the arc 
between the contacts 56 and 57, When the volt 
age goes to zero and the high dielectric strength 
of Such gas prevents reformation of the arc When 
the Voltage again rises. In said application, Se- 5 
rial No. 198,680 (which is assigned to the same 
assignee as the present application), are de 
scribed Various forms of apparatus for advanta 
geously utilizing the arc-extinguishing character 
istics of fuorinated hydrocarbon gases. Vinile 10 
stich apparatus is not part of my present inven 
tion, it is shown as illustrative of the generic 
character of Iny invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
. An electric apparatus comprising the com 

bination of a cosed container, a high Voltage elec 
tric device therein, and a compreSSed gaseolus 
insulating meditinn for Said device, Said medium 
naving as a principal and essential ingredient 20 
gas of the group consisting of dichlorodifluoro 
methane, monochlorotrifluoro methane, tri 
chloromonofluoro methane, dichlorotetrafluoro 
ethane, trichlorotrifluoro ethane, and carbon tet 
rafluoride. 25 

2. An electric apparatus comprising the com 
bination of a closed container, a high voltage 
electric device therein, and an insulator con 
sisting of compressedi dichlorodifluoro methane 
for Said device. 80 

3. An electric transformer comprising the com 
bination of a closed container, inductivey related 
high Voltage windings therein, and a gaseous in 
Sulator for Said Windings consisting of dichloro 
difluoro methane at superatmospheric pressure. 85 

4. An electric transformer comprsing the com 
bination of a closed container, inductively related 
high Voltage Windings therein, and a gaseousin 
Sulator for Said Windings consisting of dichloro 
difluoro methane at a pressure of about 30 to 90 4o 
pounds per Square inch. 

ERANN. S. COOPR 


