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My invention is an improvement in electrical 
control units and method of making the same, 
and relates more particularly to variable resist 
ance units. 

5. Heretofore, it has been the common practice 
to provide rheostats, potentiometers or other 
similar electrical control devices with a variable 
resistance unit in the form of a coil of resistance 
wire helically wound on an insulated ring or 

10 other support. In Such devices, numerous diffi 
culties have been experienced, such as creating 
noise in circuits in which they are used, lack of 
uniform variation in resistance throughout the 
range of operation of the device, and general poor 

S eficiency in operation. 
It is one of the objects of my invention to 

overcome such difficulties and to produce a cons 
trol unit which is highly efficient in operation. 
Another object of my invention is to construct 

20 a variable resistance unit in which the density 
of the material of the unit is varied from one 
extreme to the other throughout the greatest 

a dimension of the unit. 
A further object of my invention resides in 

25 producing a variable resistance unit by varying 
the density of the material of the unit in the 
process of manufacture, whereby the greatest di 
mension of the unit will be less per ratio of re 
sistance than a corresponding unit of substan 

80 tially the same ratio of resistance in which the 
density of the material is Substantially uniform 
throughout. 
A Still further object of my invention resides 

. -in constructing a variable resistance unit of the 
35 above-named character, in which the material 

of the unit comprises an intimate mixture of an 
electrical conducting material and a non-con 
ductor and binder molded to Suitable form and 
in which the density of the mixture may progress 

40 to a predetermined maximum throughout the 
greatest dimension of the unit. 
Another object of the 'invention consists in 

the simplicity of construction, ease of manufac 
ture and inexpensiveness of the device, and in 
the method of making the same. 
Other objects and advantages of my inven 

tion will more clearly appear from the follow 
ing description of several embodiments thereof, 
reference being made to the accompanying draw 

50 ings in which ilke reference characters are em 
ployed to designate like parts throughout the 
Sale. 
In the drawings: 
Fig. is a perspective view of one embodiment 

of my invention, illustrating the resistance unit 

(C1, 201-60) 
as it comes from the mold, and before the con-. 
tact face is reduced to lie in a single plane. 

Fig. 2 is a view similar to that shown in Fig. 
l, and shows the second step in the method of 
manufacture, wherein the contact face is re 
duced. 

Fig. 3 is a view similar to those in Figs. 1 and 
2 and illustrates another step in the process of 
manufacture, that is, wherein the unit is severed 
and adapted to be suitably mounted in a support. 

Fig. 4 is a view similar to that shown in Fig. 
3 and illustrates a second embodiment of my 
invention. 

Fig. 5 illustrates either embodiment mounted 
in its Support and ready for use. In this figure, 
I have shown a cover for the device which may 
be applied in use. - 

Fig. 6 is a perspective view of another em 
bodiment of my invention in which the resistance 
unit is illustrated as being in the form of a bar 
or rod and shows the same before the contacting 
Surface has been reduced, 

Fig. 7 is a perspective view of still another 
embodiment of my invention which is similar 
in many respects to that form shown in Fig. 1, 
except that the variation in density of the ma 
terial in the present embodiment is not uniform 
ly varied throughout the greatest dimension of 
the unit. 

Fig. 8 is a view similar to that shown in con 
nection with the embodiment in Fig. 7, but shows 
a slight variation in the densities of the mate 
rial throughout the greatest dimension of the unit, 
and 

Fig. 9 is a graphic view of the resistance curves 
of the units shown in Figs. 1 to 6 inclusive, rep 
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resented by the curve A; Fig. 7 is represented by 
the curve B; and Fig. 8 is represented by the 
curve. C. 
In carrying out my invention, I will first de 

scribe a simple method or process of its manu 
facture. The embodiments of my invention illus 
trated in the drawings are ring-like in form, 
although it is to be understood that my inven 
tion is equally Well applied to resistance units 
in other forms if desired, such as rods, bars or 
tubes extending more or less along a single Ion 
gitudinal axis. 
One method of constructing my invention con 

sists in first intimately mixing together proper 
predetermined proportions of conductor and 
non-conductor materials with a suitable binder. 
A typical resistance composition may consist of 
3% graphite, 22%phenol formaldehyde resin and 
75% fine silica in approximately those propor 
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2 
tions. The mixture is then Subjected to pressure 
and heat, if necessary, so that in molding the unit 
in ring-like form, the density of the particles of 
the mixture throughout the extent of the ring is 
progressively varied from a given starting point 
On the annulus. One way of accomplishing this 
which I have found highly satisfactory, is to em 
ploy a male die having a helically arranged ma 
terial pressing face. It will be seen that when 
Such a die is pressed against the material in the 
mold it will press the particles into intimate con 
tact at one point of the unit and will gradually 
diminish the density thereof in cross sectional 
area along the ring at progressive points through 
out the remainder of the ring. In other words, 
the density of the particles will be gradually va 
ried from a maximum to a minimum, or vice 
versa, about the complete periphery of the ring 
Or unit. 
The next step consists in reducing the helically 

disposed face 1 of the ring 2 so that the said face 
Will lie in a substantially single plane throughout 
its extent, as illustrated in Fig. 2. This may be 
done in any suitable manner, as by grinding the 
upper Surface 1 down to a uniform ring thick 
eSS. 
The next step in carrying out this method of 

manufacture consists in removing a section, 3, of 
the ring located at and including the maximum 
and minimum densities of the compressed mix 
ture. This step is illustrated in Figs. 3, 4 and 5. 
The ring-like unit is then ready for properly 

forming its terminals 4 and 5, as shown in Fig. 3. 
The terminal ends of the ring may be under cut 
at 6, if desired. The unit is now ready to be 
mounted in any suitable support or housing, a 
movable contact 7 being provided for purposes 
which will be more fully described hereinafter. 

It will thus be seen that by my invention I 
have not only produced an inexpensive and effi 
cient method of manufacturing variable resist 
ance units, but that the unit itself has many 
novel features which eliminate many of the diffi 
culties heretofore encountered with Such de 
Vices. 

It has been the common practice in making 
variable resistance units or controls to helically 
Wind a wire having desirable resistance char 
acteristics upon an annular core of insulating 
material. The convolutions, while being close 
together, must of necessity be spaced from each 
other on the core. In such devices employing a 
contact arm movable over the convolutions, it 
becomes necessary to cut out one or more con 
volutions at a time as the contact is moved. It 
is therefore evident that the resistance control 
in a circuit in which the device is connected 
Cannot be as finely adjusted as where the con 
tact moves over a continuous conducting surface, 
as distinguished from an interrupted conductor 
Surface. Circuits employing these prior art de 
vices are necessarily noisy due to the make and 
break operation of the contact over the wound 
resistance element. 
In my invention I have produced a resistance 

element which presents a continuous conductor 
surface to the movable contact, although the con 
ductivity of the Surface throughout the extent 
thereof is uniformly varied from a maximum to 
a minimum, or vice versa. As I have stated 
hereinbefore, I accomplish this desired condition 
by progressively varying the density of the mix 
ture comprising the element. - 

In Fig. 3 I have illustrated one type of unit 
having a number of relatively highly conductive 

1992,410 
portions along the contact Surface of the unit. 
These portions can be in the form of inserts or 
may be applied by spraying metal thereon over 
a stencil, the portions being arranged to lie at 
an angle to the radii of the ring so that the mov 
able contact will at all times engage at least two 
adjacent contact portions. In Fig. 4 I have 
shown a still different arrangement wherein 
these portions may be in the form of small discs 
arranged in a Somewhat staggered relationship. 
In assembling the unit, it may be seated in a 

Suitable housing or Support 8, composed of in 
Sulating material. 
an axial opening for receiving the shaft 9 which 
carries an operating knob (not shown) on one 
end and the movable contact on its other end. 
In the embodiment shown in Fig. 5, the contact 
member 7 includes a hub i0 Secured to the Shaft 
9. The contact arm 7, however, is carried pri 
marily by a ring-like member 11 Spaced from the 
hub, except at a point defined by the web or stop 
12. This web may be bent, as shown at 13, to 
impart a slight tension to the arm 7. A stop 
14 projects through the opening 15 between the 
members 10 and 11 and is engageable by oppo 
site Sides of the web 12 as the contact 7 is moved 
from one extreme position to the other. Suit 
able lugs 16 and 17 connecting with the movable 
contact 7 and with one end 5 of the resistance 
unit, respectively, may be used. When the device 
is used as a rheostat, and a lug 18 may be con 
nected to the other end of the unit when the 
device is to be used as a potentiometer. 
Although I have illustrated in the drawings 

resistance units of ring-like form, it is to be un 
derstood that my invention may be equally well 
employed in making resistance units in Straight 
bar or rod form in which the density of the 
material of the unit is uniformly varied from One 
extreme to the other throughout the length of 
the bar or rod. - 

In Fig. 6 I have illustrated an embodiment of 
my invention in which the unit is in the form of 
a bar or rod 20, in which the density of the mate 
rial thereof progresses or is graduated through 
out the length of the rod or bar. In constructing 
this type of resistance unit, the upper surface of 
the portion represented at 21 lies in a plane in 
clined to that in which the longitudinal axis of 
the unit lies. The portion 21 is removed, as by 
grinding, to present a contact face 22 which lies 
in a plane substantially parallel to the axis of the 
rod or bar. . In this form of the invention, a 
movable contact may be caused to engage the 
upper finished surface 22 and moved therealong 
as desired, and the portions of the rod to the 
right in Fig. 6, being less dense in composition, 
will be of a higher resistance than corresponding 
portions to the left in Fig. 6 where the material 
of the rod is more dense, and therefore the par 
ticles composing the material are in more inti 
mate contact with each other. 

In Figures 7 and 8 I have illustrated still an 
other embodiment of my invention, in which the 
unit is shown as being Substantially ring-like in 
form and in which the density of the material 
of the unit is non-uniformly varied throughout 
the annulus. For instance, in Figure 7, a portion 
of the ring at 23 represents a section in which 
the density of the material is Suddenly decreased 
to a point 24 in either direction. I have shown 
this portion 23 in relation to other portions of 
the ring in Figure 7. Substantially opposite the 
point on the ring identified at 25, although it is 
to be understood that any irregularity in the 

This housing is provided with 
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* density of the material, such as the section 23, 
may be provided at any point desired on the 
unit, and that a plurality of these irregularities 
may be employed if desired. 

In Figure 8 I have illustrated a section 26 
which represents a portion in which the density 
of the material is suddenly increased. This por 
tion of the ring may likewise be located at any 
point about the periphery of the ring and, if 
desired, a plurality of these increased density 
portions may be employed. In connection with 
Figure 8, however, where a decidedly increased 
density of the material is desired in any portion 
of the ring, it may be necessary to make the 
Overall depth of the ring greater than that shown 
in Figure 7. 
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It is to be understood that in carrying out my 
invention, various arrangements of densities of 
the material may be employed, it simply being 
necessary to apply pressure to the material dur 
ing its process of manufacture, and in degree 
according to the predetermined requirements of 
variation in resistance desired in the unit. 

In each instance, the upper surface of the 
ring, which of necessity does not lie in a single 
plane, may be reduced to present a uniform 
contacting surface lying in a single plane, as 
illustrated at 27. When the unit is finished to 
this extent, a section 3 may be removed to per 
mit the ring to be mounted in a suitable support. 
In Figure 9 the curve A represents the resist. 

ance curve of a unit such as is illustrated in 
Figures 1 to 6, wherein the density of the mate 
rial of the unit diminishes and the resistance of 
the unit increases uniformly throughout the 
greatest dimension of the unit. Curve B repre 
Sents the resistance curve of a unit in which 
the density of the material is gradually de 
creased from a maximum for a given distance 
along the unit and is then suddenly further de 
creased to a point indicated at 24, whereupon 
the density again is suddenly increased and pro 
ceeds from that point. On gradually to a mini 
mum density. Curve C in Figure 9 represents 
the resistance curve of a unit similar to that 
shown in Figure 8, whereas curve D represents 
the resistance characteristic in a unit having a 
uniform density throughout its length. 

In the graph, Figure 9, the ordinate repre 
sents resistance in ohms, while the abscissa 
represents the total distance traveled by the 
contact. 7. m 
Various changes may be made in the details 

of construction and arrangement of parts with 
Out departing from the spirit of my invention 
or the Scope of the appended claims. 

Having thus described my invention, I claim: 
1. The method of making an electrical resist 

ance unit for control devices which consists in 
forming the unit to shape and simultaneously 
applying a pressure to the material of the unit 
in which said pressure is varied from one point 
throughout the extent of the unit to impart a 
continuously varied cross sectional density to the 
unit material, whereby the electrical resistance 

3 
of the unit is varied throughout the extent of 
the unit. 

2. The method of making an electrical resist 
ance unit for control devices which consists in 
shaping the unit into a ring-like form and si 
multaneously applying pressure to the material 
of the unit in a progressive manner from one 
point and throughout the extent of the ring-like 
form to impart a continuous and uniform pro 
gressively varied density to the material of the 
unit, whereby the electrical resistance of the 
unit is gradually varied from a maximum to a 
minimum throughout its extent. 

3. AS a new article of manufacture, a variable 
resistance unit formed of a mixture of materials 
in which the ratio of the ingredients is con 
stant, said unit characterized by the fact that 
the density of the material of the unit is uni 
formly and continuously varied throughout the 
extent thereof. 

4. As a new article of manufacture, a variable 
resistance unit formed of a mixture of materials 
in Which the ratio of the ingredientS is constant, 
said unit characterized by the fact that the 
density of the material of the unit is continu 
ously and progressively varied throughout the 
extent thereof. 

5. As a new article of manufacture, a variable 
resistance unit formed of a mixture of materials 
in which the ratio of the ingredients is constant, 
said unit characterized by the fact that the 
density of the material of the unit is uniformly 
and progressively varied continuously from a 
minimum at one point of the unit to a maximum 
at another point thereof. 

6. A resistance unit including an intimate mix 
ture of conducting and non-conducting mate 
rials in constant ratio, the density of the said 
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mixture being progressively and uniformly varied 
from One point on the unit to another point On 
Said unit. 

7. The method of making an electrical resist 
ance unit for control devices which consists in 
shaping the unit into a continuous ring-like 
form and simultaneously applying pressure to 
the material of the unit in a progressive manner 
from one point and throughout the extent of the. 
ring-like form to impart a continuous and uni 
form progressively varied density to the mate 
rial of the unit, whereby the electrical resiste 
ance of the unit is varied from a maximum to 
a minimum throughout its extent. 

8. The method of making an electrical resist 
ance unit for control devices which consists in 
shaping the unit into a ring-like form and Si 
multaneously applying pressure to the material 
of the unit in a progressive manner from one 
point and throughout the extent of the ring-like 
form to impart a continuous and uniform pro 
gressively varied density to the material of the 
unit, whereby the electrical resistance of the 
unit is gradually varied from a maximum to a 
minimum throughout its extent, and Subse 
quently removing a portion of the ring-like form 
to provide an open circuit conductor. y 
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