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This invention relates, in general, to rheostats
and specifically to rheostats wherein the resist-
ance change is obtained by variation of pressure
upon a pile of individual resistors.

This invention resides in an improved form
thereof in which the ohmic resistance, in response
to a given applied pressure to the pile of individ-
ual resistors, is predictable and consistant, the
same resulting from control of the atmosphere
surrounding the individual resistors. .

It is common practice to use individual resis-
tors such as plates of carbon arranged in a pile
or column. The plates are contained in an insu-
lated rack or in an insulated tube with the faces
of the plates in contact with each other and a
screw or plunger device is arranged to apply the
pressure at-one end of the column., A particu-
lar type of such a pressure rheostat employs
rlates made of graphite, coated with amorphous
earbon, which plates provide a low internal re-
sistance and a high surface or contact resistance.
With little pressure upon the pile of the plates
the resistance is nearly all made up of surface
contact resistance and with high pressure upon
the pile the resistance is practically only that of
the -internal resistance of the plates.” Another
type of pressure rheostat utilizes plates homoge-
neous throughout of amorphous carbon,

Amorphous carben when used in the prevail-
ing atmosphere may undergo a change in its con-
tact resistance dependent upon the extent of ac-
cess of the atmosphere to the surface of the car-
bon and the degree of temperature of the car-
bon. Such changes may not be of marked degree
and may well be permissible in the rheostat for
the ordinary control of electrical machines and
devices. There is, however, a demand for rheo~
static control wherein a precise contrel is required
and wherein the resistance must be in close lim-
its when a pre-determined pressure is applied. It
is in the latter field that my invention applies.

It is a commercial practice to form the carbon
as used in the individual plates of the pressure
rheostat at temperatures in the neighborhood of
1500° . The carbon is foermed in pots or cruci-
bles placed in a gas-fired furnace, which uses gas
made from coal. The carbon jn its formation is
kept in the furnace for a period long enough to
have the carbon in a fixed state so far as tem-
perature is concerned.

I have discovered that carbon formed in this
manner and when used in a rheostat from which
oxygen is excluded will not change in contact re-
sistance, if the temperature is kept below the
formation temperature of the carbon. Likewise
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such carbon placed in a vacuum and operated be-
low the formation temperature will not change to
an’ appreciable degree in its contact resistance.
It is understood, of course, that carbon has a neg-
ative temperature coefficient, and change in re-
sistance due to temperature alone is not consid-
ered. My invention therefore provides for a rheo-
stat in which the measure of resistance is depend-
ent upon pressure applied and in which like pres-
sures will cause like resistance to be repeated.

It is an object of this invention to remedy the
shortcoming and fault of a particular type of
change in resistance of amorphous carbon as used
in the pressure type rheostat.

It is a further object of this invention to pro-
vide a rheostat device of the pressure type of such
capacity and of such construction that it may be
used for the percision control of motors and
other electrical devices in the usual industrial
applications.

It is a still further object of this invention to
provide a rheostat device of the pressure type uti-
lizing carbon type dises, which discs are protected
from the access of oxygen.

An example of my invention is hereinafter
more particularly described by reference to the
accompanying drawings forming a part hereof.

The several figures of the drawings are briefly
described as follows:

Figure 1 is an assembly view in side elevation
of g rheostat constructed in accordance with this
invention; . .

Figure 2 is a perspective view of an individual
resistor in the form of a graphite disc coated with
amorphous carbon;

Figure 3 is a transverse sectional view of a frag-
ment of the disc shown in Figure 2;

Figure 4 is a transverse sectional view of a frag-
ment of a disc composed entirely of amorphous
carbon;

Figure 5 is a longitudinal sectional view of a
gas-tight joint as used in the construction of the
rheostat;

Pigure 6 is a longitudinal sectional view of the
end of the rheostat on which pressure is applied
and as shown in Figure 1; and

Figure 7 is a longitudinal sectional view of the
stationary end of the rheostat as shown in Fig-
ure 1,

As depicted in the drawings, the rheostat prop-
er housed in the steel tube ! is mounted in a U-
shaped frame 2, forming an assembly arranged
to receive pressure in the direction indicated by
the arrow in Figure 1. The steel tube 1 is provid-
ed with a ceramic insulating lining 8§ which re-
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ceives individual resistors 40 of the type shown
in Figure 3 or Figure 4 to be described in more
detail later.

Referring now more particularly to Figure 6,
a pressure plunger {8 is shown mounted within
a corrugated flexible metal tube 1T with its inner
end in electrical connection with the end of the
pile of resistors 40 and with its outer end in elec-
trical contact with a flexible jumper connection
10. A metal plug 19 is attached by a gas-tight
connection to the inner end of the flexible tube
11. The outer wall of the metal plug 19 is at-
tached with a gas-tight connection to a metal
thimble 8. The outer end of the flexible metal
tube {7 is attached to a metal plug 20 which, in
turn, is attached to the pressure plunger i8; both
of said latter two attachments being gas-tight.
The steel tube | is provided with a hermetically
joined extension in the form of a metal sleeve 11
which provides a support for a gas impermeable
porcelain tube 4, the latter being connected to
metal thimble 6 as shown. The joint construc-
tion between metal sleeve | and porcelain tube
4 and the joint construction between metal thim-
ble 6 and porcelain tube 4 is impermeable to gas
and will be described in detail later on. The
pressure plunger (8 is drilled and threaded to
receive the stud 24 formed as a part of the metal
socket 26. The flexible jumper 10 is fastened to
metal socket 26 by means of nut 25 and thus
brought into electrical connection with the
plunger 8. Within the metal socket 26 there is
a porcelain button 27 to which pressure may be
applied as indicated in Figure 1.

The construction of the stationary end of the
rheostat is shown in detail in Figure 7 in which
a metal sleeve 12 forms an extension of the steel
tube |, thus providing a support for a gas im-
permeable porcelain tube 3. To the outer end
of porcelain tube 3 is attached by gas-tight con-
nection a metal thimble 5. On the end of the
pile of discs 40 is a metal contact disc 15 to which
is attached flexible conductor {4, the other end
of which conductor is attached to a stud 13. The
stud 13 is attached to metal thimble 5 by a gas-
tight connection which, in this case, is a silver
solder joint not shown. The metal thimble is
threaded on its end portion, as shown, to afford
connection to a circuit.

The metal thimble 6, the metal sleeve 11, the
metal sleeve 12, and the metal thimble 5 are at-
tached to their respective porcelain tubes 4 and
3 by a construction as shown in detail in Figure
5. Illustrating this, the porcelain tube 3 is coated
with a copper film 23 which, in this particular
construction, is sprayed on. The metal thimble
5 or the sleeve, as the case may be, is then placed
over the end of the porcelain tube and the inter-
mediate space is then filled with solder 22 by a
soldering operation. This type of juncture has
been found to be gas-tight.

Referring to Figure 1, the electrical connection
is completed from the jumper 10 to bolt 8, which
is secured into the U-shaped frame 2 by the bush-
ing of insulating material 9.

With pressure applied to the porcelain button
21 as indicated in Figure 1, the pressure plunger
18 moves inwardly displacing the resistor discs 40
a slight distance depending upon the length of
the column of discs and the thickness of the discs.
The pressure plunger 18 is prevented from being
moved outwardly further than necessary by
shoulder 21 formed on plunger {8 as shown,

Referring to Figures 2, 3, and 4 the carbon type
disc is shown in Figure 2 and a fragment in trans-
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verse section in Figure 3. 'This type of disc has a
graphite interior 42 and a surface carbon coating
indicated as at 41, In Figure 4 a fragment of
the disc is indicated at 43, which is a carbon
type disec with carbon material throughout. The
type of disc used in the rheostat as described de-

‘pends upon the electrical service in which the

rheostat is used and also upon the over-all re-
sistance range required of the rheostat.

It appears that the contact resistance of the
pressure type rheostat depends largely on the
volatile content of the carbon surfaces.

By contact resistance is meant the resistance
developed to the passage of current between the
contacting or substantially contacting surfaces of
the carbon.

This dependence of contact resistance on vola-
tile content is explained by the fact that the vol-
atile matter is adsorbed on the carbon surfaces
and pores in the form of rather tightly adherent
films under certain conditions. These films con-
trol the closeness with which one piece of carbon
can approach another piece with the applied
pressure held constant. The thinner the film,
the closer the approach and the lower the re-
sistance and vice versa.

The volatile matter of such carbons might be
composed of many substances depending on the
complete history of the carbon—that is, a more
or less active carbon used for selective adsorption
of say lethal gases would have a volatile matter
largely composed of these gases and in an appli-
cation for adsorption of heavy hydrocarbon gases
from natural gas it follows that the volatile mat-
ter is largely hydrocarbons. However, in the
manufacture and use of carbons as applied to re-
sistors, the volatile matter is composed largely
of a complex mixture of compounds of carbon
and oxygen, water, and other gases whose pres-
ence and amounts depend on the manufacturing
conditions.

The success of my invention is probably at-
tributable to the formation of carbon elements
having a comparatively small amount of ad-
herent film of volatile matter of a fixed charac-
ter, and the enclosure of such carbon elements
within a gas tight chamber containing an inert
gas.

While this invention has been above described
by reference to a specific instance of an embodi-
ment thereof, it is intended that the protection
of Letters Patent to be granted hereon be not
unnecessarily limited thereby, and that such pro-
tection extend to the substance of the advance
contained in this disclosure and defined in the
claims hereto appended.

What I claim as my invention is:

1. In a compressible pile rheostat, a hermeti-
cally sealed casing having a deflectable wall, an
inert atmosphere within said casing, a plural-
ity of contiguous conducting elements having sur-
faces of amorphous carbon, said elements form-
ing a pile, an insulating surface forming a sup-
port for said pile within said casing, electrodes
having connections externally of said casing en-
gaging the ends of said pile, and pressure pro-
ducing means adapted to cause said electrodes to
be forced toward one another with accompany-
ing deflection of said deflectable wall and to ap-
ply pressure to said pile.

2. In a compressible pile rheostat adapted to
preserve consistent pressure-resistance relation-
ship at constant temperature the combination
comprising a pile of heat stabilized carbon con-
taining elements, a non-deflectable housing por-
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tion enclosing said pile and composed of a sub-
stance permanently impervious to gaseous dif-
fusion, an electrically conducting stationary ter-
minal in engagement with one end of said pile,
a deflectable housinhg portion composed of ma-
terial permanently impervious to gaseous dif-
fusion joined to said non-deflectable housing por-
tion by g joint permanently impervious to gase~
ous diffusion, an electrically conducting movable
terminal in engagement with the opposite end of
said pile insulated from said first named termi-
nal angd adapted to be forced towards said first
named terminal to apply pressure to said pile
with accompanying deflection of said deflectable
housing portion, and an atmosphere of gas non-
reactive with respect to carbon permanently
maintained within said housings and surround-
ing said pile.

3. In a compressible pile rheostat adapted
to preserve consistent pressure-resistance rela-
tionship at constant temperature the combina-
tion comprising a pile of heat stabilized carbon
containing elements, a non-deflectable housing
portion enclosing said pile composed of a sub-
stance permanently impervious to gaseous dif-
fusion, means within said housing adapted to
provide an insulated guide support for main-
taining said carbon elements electrically dis-
tinet and in pile formation, an electrically con-
ducting stationary terminal in engagement with
one end of said pile and extending outwardly
through said non-deflectable housing portion to
the exterior thereof through a joint permanent-
1y imprevious to gaseous diffusion, a deflectable

housing portion composed of material perma- -

nently impervious to gaseous diffusion joined
to said non-~deflectable housing portion by a joint
vermanently impervious to gaseous diffusion, an
electrically conducting movable terminal in en-
gagement with the opposite end of said pile in-
sulated from said first named terminal and ex-
tending outwardly through said deflectable hous-
ing portion to the exterior thereof through a
joint permanently impervious to gaseous dif-
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fusion, said movable terminal being adapted to
be forced towards said first named terminal to
apply pressure to said pile with accompanying
deflection of said deflectable housing portion,
and an atmosphere of gas non-reactive with re-
spect to carbon permanently maintained within
said housings and surrounding said pile,

.4, In a compressible pile rheostat adapted to
preserve a consistent pressure-resistance rela-
tionship at constant temperature the combina-
tion comprising a pile of heat stabilized carbon
containing elements, a non-deflectable housing
portion in the form of a metallic tube permanent-
ly impervious to gaseous diffusion enclosing said
pile, an insulating lining in said tube adapted
to provide an insulating guiding support for
maintaining said carbon containing elements
electrically distinct and in pile formation, an
insulating bushing composed of material per-
manently impervious to gaseous diffusion in one
end of said tube joined thereto by a fused joint
permanently impervious to gaseous diffusion,
an electrically conducting stationary terminal in
engagement with the end of said pile adjacent
said bushing and extending outwardly there-
through and joined thereto by a fused joint per-
manently impervious to gaseous diffusion, a sec-
ond insulating bushing formed of material per-
manently impervious to gaseous diffusion in the
opposite end of said tube and joined thereto by a
fused joint permanently impervious to gaseous
diffusion, a deflectable metallic bellows perma-
ently impervious to gaseous diffusion secured to
said second named bushing by a fused joint per-
manently impervious to gaseous diffusion, a mov-
able electrically conducting terminal in engage-
ment with the other end of said pile and ex-
tending outwardly therefrom through said bel-
lows through a fused joint permanently impervi-
ous to gaseous diffusion, and an atmosphere of
gas non-reactive with respect to carbon perma-
nently maintained within said housing bushings
and bellows surrounding said pile.

EUGENE C. RAGATZ.




