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This invention relates to variable resistance de-
vices and has for one of its primary objects to
provide -a variable resistance device capable of
permanent operation and having a wide range of
resistance.

In the conventional variable resistance devices
resistance elements of various materials are em-
ployed as single or multiple coatings on a ceramic
base. Due to the selection of resistance ma-
terials and the methods employed in applying
them to the base, inherent weaknesses in the re-
sistance materials develop due to heat, oxidation
and other atmospheric effects and by reason of
excessive wear by engagement with the contactor,
leaving it difficult, if not impossible to obtain uni-
formity of the variable resistance device or its ac-
curate control. This is especially true in such
devices employing bases wrapped with wire,
whether the bases contain any other material in
addition to the wire.

It is therefore an object of this invention to
provide a variable resistance device in which the
resistance structure is so applied to-the insulat-
ing base as to be virtually an integral part of
the base, constitute a permanent resistor imper-
vious to oxidation and other atmospheric effects
and present an efficient wear resisting contacting
surface for the movable contactor.

Another object is to provide a variable resist-
ance device in which the surface of the base is
purposely predeterminally roughened and the re-
sistance metal structure is so predeterminedly
applied thereto as to be of progressively varying
width or thickness, or both, so that the wear on
the resistance metal resulting from the engage-
ment therewith by the movable contact, will be at
a constant percentage throughout its length,
rather than at a constant amount, so as to insure
longer wear and greater accuracy in performance.

With the foregoing and other objects in view,
the invention resides in the corabination of parts
and in the details of construction hereinafter set
forth in the following specification and appended
claims, certain embodiments thereof being illus-
trated in the accompanying drawings, in which:

Figure 1 is an end view of the variable resist-
ance device, with the cover plate shown partly
broken away; :

Figure 2 ig a view in longitudinal section of the
same;

Pigure 3 is a view in perspective of the ring,
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partly broken away, showing a potentiometer .

formed of a base provided with a resistance ma-~
terial structure of varying thickness and width;
Figure 4 is a view in cross section taken through
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the base and the widest and thickest portion of
the resistance metal, the maximum wear line be-
ing indicated in dotted lines;

Figure 5 is a similar view showing the metal to
have been worn off down to the wear line of Fig-
ure 4;

Figure 6 is a view in cross section taken through
the base and the thinnest and narrowest portion
of the resistance metal, the maximum wear line
being shown in dotted lines;

Figure 7 is a similar view showing the metal to
have been worn off down to the wear line of Fig-
ure 6; and

Figure 8 is a graph laid out in resistance versus
degrees showing our device’s performance on orig~
inal calibration and calibration after wear as com-
pared to standard wire wound potentiometers.

Referring more particularly to the drawings,
the variable resistance device may comprise a ¢y~
lindrical casing | having a cover plate 2 remov-
ably secured to the casing by screw bolts 3. Suit-
ably position within the casing [ is a cylindrical
potentiometer ring comprising a base 4 and a re-
sistance material structure, generally indicated
at 5§, on the inside surface of the base. The cas-
ing also has an externally screw threaded sleeve
& for the proper mounting of the unit wherever
desired and shaft 7 is mounted to be rotatable
therein. Shaft 7 carries a flange 8 that carries
a resilient arm § provided with a ball 18 urged
against contact element #f of terminal 12. Ter~
minal {3 has a resilient member (4 in contact
with the potentiometer ring. Flange 8 also car-
ries a roller contactor {5 mounted cn a pin 16
and resiliently urged into constant contact with
the inner surface of the resistance material struc-
ture on the inside of the potentiometer ring by a
spring 7.

‘While the base 4 may he ceramic, glass, or other
suitable material, for purposes of illustration it
will be referred to as a glass cylinder. As pre-
viously stated, we desire to obtain a potentiometer
ring having a resistance material structure that is
virtually an integral part of the glass ring 4.
This we propose to accomplish, for instance, by
evaporating a resistance metal on to the inner
surface of the glass ring. For purposes of ilius-
tration, Nichrome will be discussed as a prefer-
able example.  In order to evaporate the Ni-
chrome on to and into the glass ring, we heat the
Nichrome to 2 temperature above its boiling point
in a vacuum and apply a potential between the
evaporating metal and the glass ring.  An alter-
nate method is known as “sputtering” in which
the cathode material is not heated, but a high
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potential between the anode and the cathode is
used. We have found that such an evaporated
metal process is readily controllable to insure im-
bedding of the Nichrome into the glass ring and
provide a coating whose thickness and width is
also readily controllable for any desired resist-
ance metal pattern of varying thickness or width
or both. A single layer resistance metal struc-
ture is shown in Figure 3 at 5§ as progressively in-
creasing in width and thickness from a thin nor-
row end 18 to a thick wide end 18. In Patent No.
2,537,671 we mention the possibility of employing
a contactor arm carrying a ball of mercury as the
element that actually engages the resistance met-
al structure because of its frictionless non-wear-

ing chaiacteristics in order to protect the thin

coating of resistance metal against wear and de-
terioration.

In our present invention we may employ a roll--

er such as shown at 15 as the movable contactor.
However, we have found that when a roller is
used as the contacting element of the movable
contactor, either in the conventional wire
wound type of potentiometer, or even the type
of resistance metal structure, and the method
of applying it to the glass ring, disclosed in our
above mentioned patent, the wear on the re-
sistance metal structure is constant in amount
throughout the length of the resistance metal
structure pattern and hence calibrations in po-
tentiometers of non-linear characteristics afier
a short usage of the device shows it to be en-
tirely unreliable for its intended purposes.
Hence, we have evolved an improved method of
applying the resistance metal by evaporation
thereof under vacuum conditions on the glass
ring so that the resulting wear on the resistance
metal by the roller will be constant in percent-
age throughout the Ilength of the resistance
metal pattern, rather than constant in amount.
In order to accomplish this we purposely
roughen the inside surface of the glass ring, by
lapping or etching or the like, such roughened
surface being indicated at 20 in Figures 4 to 7,
inclusive. Moreover, this roughening operation
on the surface is under fine degree control. By
controlled evaporation of the resistance metal
on the roughened surface 20 we are able to con-
trol such metal deposit to form any desired pat-

tern, such as one that progressively increases -

from a thin-narrow end i8 to a relatively thick
wide end {9. As shown in Figure 4, the resultant
deposit, shown at 18, shows the resistance metal
at the thick wide end to initially fill the hollows
of the roughened surface 20 and to protrude
thereabove equidistantly in the amount that it
fills the hollows 20 of the roughened glass ring
4. As stated hefore, the pattern of resistance
metal deposit on the roughened surface 28 of
the glass ring 4 may progressively decrease in
width and thickness towards the opposite end
I8, this opposite end 18 being shown in Figure
6 by comparison with the other thick wide end
19 of Figure 4. In hoth Figures 4 and 6 we have
indicated in dotted lines 21 the wear line of the
roller to be such that occurs when the roller
eventually wears through the resistance metal
to be in contact with the glass ring, as shown
in Figure 7. It will be seen, however, that when
this occurs at the thin narrow end g in Fig-
ure 7 there is a considerable thickness of re-
sistance metal at the thick wide end 19 above the
roughened surface 20 of the glass ring, as shown
in Pigure 5. Thus we obtain a constant per-
centage, as distinguished from a constant
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amount, of wear and thus increase the life of the
potentiometer as well as the reliability of the
performance of the device. As an example, we
may elect to use Nichrome as the resistance
metal and employ a roller i5 or the like, made of
copper coated with silver.

In Figure 8 we have shown a graph for com-
parison with curves plotted resistance versus de-
grees where resistance is a log function. Line A
represents our improved device after original
calibration, and dotted line B represents cali-
bration of our device after wear, the degrees of
wear and resistance being shown to be substan-
tially parallel in our device after wear of the
resistance metal from that shown in Figures 4
and 6 to that shown in Figures 5 and 7. By
comparison we have shown the dotted line C
which represents the wear pattern of standard
wire wound potentiometers after a like amount
of wear. Such a calibration shows such a con-
ventional device where the wear is constant in
amount throughout the length of the resistance
metal pattern rather than constant in percent-
age ag we obtain in our device.

We claim:

1. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure consist-
ing solely of resistance metal structure de-
posited on said roughened surface, said resist-
ance metal structure being deposited on said
roughened surface by controlled evaporation to
predeterminedly obtain a constant percentage
physical resistance to wear throughout its length
by moving engagement therewith of said con-
tacting member, and a movable contacting mem-
ber tc engage said resistance metal structure.

2. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure consist-
ing solely of Nichrome as a resistance metal
structure deposited on said roughened surface,
said resistance metal structure being deposited
on said roughened surface by controlled evapora-
tion to predeterminedly obtain a constant per-
centage physical resistance to wear throughout
its length by moving engagement therewith of
said contacting member, and a movable contact-
ing member to engage said resistance metal
structure.

3. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure consist-
ing solely of resistance metal deposited on said
roughened surface, said resistance metal struc-
ture being deposited on said roughened surface
by controlled evaporation to predeterminedly
obtain a constant percentage physical resistance
to wear throughout its length by moving engage-
ment therewith of said contacting member,
and a movable contacting membper to engage
said resistance metal, said resistance metal
structure varying in thickness throughout its
length.

4. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure con-
sisting solely of resistance metal deposited on
said ‘roughened surface, said resistance metal
structure heing deposited on said reughened sur-
face by controlled evaporation to predeter-
minedly obtain a constant percentage physical

' resistance to wear throughout its length by mov-

ing engagement therewith of said contacting
member, and a movable contacting member to
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engage said resistance metal, said resistance
metal structure varying in width throughout
its length.

5. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure consist-
ing solely of resistance metal deposited on said
roughened surface and a mpvable contacting
member to engage said resistance metal, said re-
sistance metal structure varying in thickness
and width throughout its length.

6. A variable resistance device including a base
having a roughened surface provided with a re-
sistance metal structure consisting solely of re-
sistance metal deposited on said roughened sur-
face, said resistance metal structure being de-
posited on said roughened surface by controlled
evaporation to predeterminedly obtain a constant
percentage physical resistance to wear through-
out its length by moving engagement therewith
of said contacting member, and a movable con-
tacting member comprising a rolling wheel to
engage said resistance metal structure.

7. A variable resistance device including an
insulating base having a roughened surface pro-
vided with a resistance metal structure consist-
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ing solely of Nichrome as a resistance metal de-
posited on said roughened surface, said resist-
ance metal structure being deposited on said
roughened surface by controlled evaporation to
predeterminedly obtain a constant percentage
physical resistance to wear throughout its length
by moving engagement therewith of said con-
tacting member, and a movable contact device
including a rolling wheel to engage said metal,
said resistance metal structure varying in thick-
ness and width throughout its length.
WILLIAM R. JACK.
LYSLE D. CAHILL.
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