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This invention relates to variable resistance devices and 
methods of making same. 

Conventional molded composition potentiometer de 
vices are generally not suitable for use in applications re 
quiring accuracy such as res-olvers and other computer de 
vices in which a given s. aft rotation produces a corre 
sponding change in output voltage of a potentiometer 
coupled to the shaft. 

llt is customary to obtain the required accuracy by uti 
lizing a long metal wire of small cross-sectional area as 
the resistance element. ‘in one practical embodiment 
such a long wire is wound on an insulated core which 
is in turn formed into a helix along which a movable 

ment of the probe from turn to turn often gives rise to ob 
jectionable noise in the controlled circuit. When low 
total resistance is desired, resolution suffers because of 
the necessity of using but a few turns of heavy wire. The 
small diameter of very high resistance wire often results 
in poor Wear ' ‘ ' 

Further, their use at very high their in 
ductance. 

It is apparent that conventional composition poten 
tiometers eliminate many of the stated disadvantages of 
the metal wire types. However, a primary objection to 
the use of the conventional composition type of poten 
tiometer is poor uniformity; for example, ‘with a potential 
applied to the fixed terminals, potential measurements 
made between a ?xed terminal and the variable arm ter 

' ' generally show the voltage does not vary uni 
formly with changes in arm position. Such non-uni 
formity results from variations in cross-sectional area 

d many other reasons which need not be discussed here. 
Su?ice it to say, however, that the present invention dis 
closes means and apparatus to compensate for such irregu~ 
larities thus making it practical to utilize molded composi 
tion resistance devices for precision applications. 

ing contact riding on a 
resistive material 
different times because it is nearly impossible to machine 
a broad contact and a flat surface so that the two always 
make contact in the same fashion. The slightest irregu 
larity in shaft alignment or the intrusion of a speck of dust 
will cause the contact to ride at different points or over 
different proportions of its length. It has been found that 
use of a point type contact tends to increase the inherent 
noise level. Also, it is a characteristic of materials, which 
have high speci?c resistivities compared with . ordinary 
metals, that a 

?at surface tends to touch the 
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the resistance material with a cross-sectional shape such 
that the contact area is small compared to the cross-sec 
tional area. Advantageously, this shape is that of a tri 
angle or a triangle with a rounded apex. Such a “track” 

be more accurately and unequivocally located with 
reference to the mechanism which moves the contact. 
If the moving contact is long and narrow, say a piece of 
wire and having a hardness chosen closeto that of the 

intrusion of dust will have a 
found that the 

track of this invention under ‘comparable contact condi 
tions, provides lower contact resistance than a ?at resist~ 
ance element of equal total resistance. Furthermore, the 
tapered track shape is ada ted to making elements of 
comparatively small cross-section. It is preferred that 
the cross-section of Potentiometers of this invention be 
held to a practical minimum. Thereby, a material of 
comparatively low speci?c resistance can be used to 
make a track of a given length and total resistance. In 
turn, the contact resistance then falls within a more de~ sirable range. 
The cooperation of the various advantages cited above 

achieves the surprising result that the variable resistors 
and potentiometers of this invention, while having very 
small contact areas, are more accurate and less noisy than 
conventional prior art products. 

Accordingly, it is an object of this invention to provide 
a variable resistance device having a resistance that varies 
accurately in a predetermined fashion with a change of control setting. 

I t is a particular object of this invention to provide an 
improved method of molding resistance devices. 

Still another object of this invention is to provide a 
variable resistance device which combines the advantages 
of good linearity and high resistance with long wear. 

Still a further object of this invention is to provide a 
low noise variable resistance device. 

- t is also an object of this invention to provide a method 
for improving the uniformity of composition resistance elements. 
A particular object is to 

potentiometer contact track having a preferred contact. 
lt is still another object of this invention 

precision potentiometer which may be manufactured at a 
relatively low cost. 

While it is 

lowing manner. If a particular region 
resistance element has a non~uniform area of low re 
sisitivity, this may be remedied by removing conductive 
material. ' ' 

_ from the contact surface. Similiarly, an 
area having too high a resistance may be corrected by ap 
plying at the area of high resistance. 

using a somewhat more resistive material such as a con 
ductive carbon coating. Accordingly, a structure is pro 
vided which permits removal or addition of material to 
compensate resistance without disturbing the contact sur< 
face. in addition, the procedure of machining portions 

rect a track which has less than a desired resistance but 
is satisfactory as to linearity. This is done by taking a 
uniform out along the entire length of a track, for instance 
with a milling cutter. In a similar fashion, a non-uni 
form cut, say a tapered cut, may be made to produce an 
element having a functional characteristic. 

This invention may best be understood by reference 
to the accompanying drawings, wherein 

Figure 1 is a plan view of a typical potentiometer of 
this invention. 

Figure 2 is an enlarged cross-sectional view of the 
resistance element of the potentiometer of Figure 1. 
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Figure 3 shows in elevation a cross-section of a sim 
ple compression mold for molding resistance units. 

Figure 4 represents diagrammatically an electrical cir 
cuit for testing the resistance element. 

Figure 5 shows an enlarged cross-sectional side view 
of a portion of the preferred resistance element. 
The potentiometer shown in Figure l utilizes a re 

sistance element 2 which is constructed in accordance 
with this invention. The resistance element 2 is shown 
comolded to an insulating base 4. Terminals 6 and 8 
are shown connected to the resistance element 2. 
radial arm 10 carries a movable contactor 12 which makes 
contact with resistance element 2, and by means of a 
conducting strip 14 and sliding contact 16, in turn makes 
an electrical connection through a metal ring 18 to ter 
minal 20. The form of the resistance element 2 is 
shown in Figure 2, the element 2 being bonded to the 
insulating base 4 along the line 22. It is to be noted 
that the element is molded in the form of a triangle 
having a rounded apex forming the contact track 24 
against which the sliding contact 12 is positioned. The 
rounded apex form has been found to be advantageous 
from the viewpoint of wear resistance and low noise. 
The simple piston mold shown in Figure 3 may be used 

to make potentiometers in accordance with this inven 
tion. A resistance material is ?lled into mold recess 
30 of lower mold portion 32 and the excess is removed. 
Mold collar 34 is inserted over lower mold 32 and the 
mold is charged with an insulating molding powder for 
the base. Piston 36 is inserted and the mold is then 
subjected to the combination of heat and pressure suit 
able for molding the particular resistance and insulating 
materials used. 

This method of ?lling the mold recess with conductive 
material, removing the excess, and then adding the in 
sulating molding powder permits the use of the insulat 
ing powder as a deformable piston to compress the con 
ductive material into a portion of the mold groove. As 
compared with the case wherein after molding the en 
tire groove is ?lled with molded resistive material this 
procedure permits the use of material having a com 
paratively low resistance when making a track. As 
pointed out above, decrease in contact resistance and 
noise result. Furthermore, the even ?lling of the groove 
with molding powder assures that the resistive material 
will be evenly distributed along the groove, hence im 
proving the linearity of the resulting track. 
One type of apparatus for measuring the linearity of 

potentiometers is shown schematically in Figure 4. The 
output of a 400 cycle per second signal generator 40 is 
applied to a standard potentiometer 42 and a potentiom 
eter 44 which is under test. A null indicating instru 
ment which is preferably an oscilloscope but which may 
be a sensitive meter is connected to variable contacts 46 
and 48 so as to indicate the magnitude and sign of any 
potential difference between said contacts. The con 
tacts 46 and 48 are mounted on movable arms 50, 52 
which are mechanically linked so that corresponding 
positions on potentiometers 42 and 44 are simultaneously 
contacted. Any deviation of resistance of potentiometer 
44 as compared to the standard potentiometer 42 will 
result in a voltage unbalance which would appear as 
a pulse on the oscilloscope 54. A correction may then 
be applied to the faulty area of the resistance element 
so as to eliminate this voltage unbalance. If the re 
sistance of the area is too low it is readily increased by 
removing a small amount of material as with a hand 
grinding tool. The effect of removing a given volume 
of resistance material varies in an inverse fashion with 
the distance of the area from the contact point. Thus 
a relatively large change of resistance may be obtained 
by removing material from an area 62 (shown in Figure 
5) or a relatively slight change by removing an area 
64 remote from the contact track 66. 
The construction shown in Figure 5 is particularly 

well adapted to take advantage of this phenomenon. All 
or part of the protruding ridge 68 may be removed to 
increase resistance without signi?cantly structurally 
weakening the contact track. 
A particular variable resistor was made by molding 

a ?at topped ring of moldable resistance material of the 
type comprising a synthetic resin and acetylene black, 
and having a speci?c resistivity of about 50 ohm centi 
meters. The ring was about 2 inches in internal di 
ameter, % inch wide and ‘A inch high. The ring, hav 
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4 
ing a resistance of about 3000 ohms end to end, was 
tested for linearity substantially as described above with 
a contact consisting of a small carbon rod. The maxi 
mum departure from linearity was found to be —_'-5%. 
A second potentiometer was made in the same mold 

and with the same overall dimensions. In this case the 
upper (contact) part of the ring, about 1756 inch thick, 
was made of a plastic similar to that of the ?rst poten 
tiometer but having a speci?c resistance of about 13 
ohm centimeters. The remainder of the molding was 
an insulating plastic comolded with the resistance ma 
terial. The ring showed a resistance, end to end, of 
about 3000 ohms. When tested for linearity it showed a 
maximum departure from linearity of i2.5%. Both of 
the above potentiometers showed considerable irregu 
larity of contact behavior with accompanying noise. 
A third potentiometer was made in a mold of the type 

described herein. The track of the potentiometer was 
about 2 inches in diameter at its peak. The track was 
about 0.035 inch wide at its base and 0.040 inch high 
with a rounded top. The conductive material was of 
the same type as before but had a speci?cresistance of 
about 2 ohm centimeters. The track had a resistance, 
end to end, of about 3000 ohms. When tested for lin 
earity it showed a maximum deviation of less than 0.6%. 
The contact behavior was smooth and with much less 
noise than was evidenced by either of the other two 
potentiometers. 

In a fourth case it was desired to mold a rectilinear 
potentiometer track 10 inches long having a resistance 
of 19,800 to 21,000 ohms. A track, 0.025 inch wide 
and 0.030 inch high with a rounded top, was molded 
from the same type of resistive material mentioned 
above but with a speci?c resistance of 3.5 ohm centi 
meters. As molded the track had the required linearity 
but a resistance of 18,300 ohms. The track was set up 
in a milling machine and an inward cut of 0.003 inch 
was made on one side of the track near its base. The 
resistance of the track was then 20,200 ohms. The 
linearity was approximately the same as before. 

Within limits speci?ed below it is desirable that the 
radius of curvature of the contact portion of the track 
be as large as possibl . The reasons are not wholly 
clear but it has been found that the contact resistance 
is smaller and more constant the larger this radius of 
curvature. In keeping with considerations outlined 
above, however, it is undesirable for the radius of curva 
ture to be so large that a bar contact has the possibility 
of touching at more than one point. It has been found 
by experiment that the radius of curvature of the contact 
area of the cross-section of a track should be between 
0.011l and 0.5 inch, preferably between 0.02 and 0.25 
1110 . 

It has been found that improved characteristics are 
obtained through the use of resistance materials having 
low speci?c resistances. In particular, speci?c resistivities 
below 10 ohm centimeters are preferred. Speci?c resis 
tivities below 100 ohm centimeters are desirable. The 
use of such relatively low speci?c resistance materials 
necessitate, for most total resistance ranges, the use of 
elements of low cross-sectional area. 
The element and method of making same discussed 

earlier permit the achievement of the small cross-section 
required. 

Suitable materials for the practice of this invention 
include moldable and castable conductive plastic mate 
rials, conductive hard rubbers, and conductive ceramics. 

While the variable resistor elements of this invention 
are best and most easily formed by a molding operation, 
they may, of course, be shaped in other fashions, as by 
casting, machining, etc. 

Although only tracks of straight and circular path 
shape have been discussed, this invention is equally useful 
in conjunction with tracks of any path shape or which 
are rendered non-linear by variation of cross-section or 
use of several materials of different speci?c resistivities 
in series. 

It is understood that in the claims appended hereafter 
it is our intention to cover all changes and modi?cations 
of the example of the invention herein chosen for pur 
poses of disclosure which do not constitute departures 
from the spirit and scope of the invention. 
We claim: 
1. For use in a potentiometer a composition resistance 

85 element, said element having only a single convex curved 
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contact face adapted to be tangentially engaged by a 
movable contactor. 

2. In a potentiometer, a pair of spaced ?xed contacts, 
a body of resistance material interposed between and in 
electrical contact with said ?xed contacts to provide a 
principal electrical path ' ' 

The potentiometer of claim 2 in which the resist 
ance material has a speci?c resistivity less than 100 ohm 
centimeters. 

4. The potentiometer of claim 11 in which the resist 
ance material has a speci?c resistivity less than 100 ohm 
centimeters. 

5. The potentiometer of claim 11 wherein the radius 
of curvature of said contact face is within the range of 
0.01 to 0.5 inch. 

comprising an insulat~ 
the molded composition 

type having a single convex curved contact making sur 
face attached to said base so as to permit said curved 
surface to be exposed, a movable contact adapted to 
engage only said single curved surface and ?xed ter 
minals in contact with said element. 

8. The device of claim 7 wherein said contact making 
surface has a radius of curvature betweeen 0.01 and 0.5 
mc . 

9. The device of claim 7 wherein the speci?c resis 
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tivity of said resistance element is less than 100 ohm 
centimeters. 

10. In a potentiometer, a pair of spaced ?xed contacts, 
a body of resistance material interposed between and in 
electrical contact with said ?xed contacts to provide a 
principal electrical path between said contacts, said body 
having a single contact face adapted to be engaged by 
a movable contactor, said contact face being disposed 
in the direction of said principal electrical path and 
being further characterized by a convex curved edge, and 
a long, narrow, movable contactor adapted to move rela 
tive to said contact face in electrical contact only with 
said single face and having its long dimension transverse 
to the electrical path. 
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