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- . POTENTIOMETER -
Joseph Mair, 1090 Briarcliff Road, Monrovia, Calif.
Filed Dec. 8, 1959, Ser. Mo. 858,202
7 Claims. - (Cl. 338—174)

This invention relates to variable resistance devices of
the class of potentiometers and more particularly relates
to a rotary type dual potentiometer or variable resistance
apparatus for use in computers, aircraft, guided missiles
and similar mechanisms.

A precision type of potentiometer should not only have
a high linearity characteristic and a low “noise” charac-
teristic, but it should be simple in comstruction, rugged,
compact, light in weight and should be relatively immune
to shock, It should also be highly responsive to a low
torque so as to insure accurate performance.
~ An objective of the present invention is to provide a
compact rotary type of dual potentiométer that efficiently
utilizes the space that is normally available in single unit
potentiometers more  advantageously, thereby reducing
ihe space requirement of such a potentiometer to about
50% of ‘that normally required by two single potenti-
ometer units.

.. Another objective of this invention is to provide a'dual
potentiometer that can materially reduce the weight re-
quirement by one third over the weight normally required
by two single potentiometers in separate units.

A further objective of this invention is to provide a

novel rotary type of dual potentiometer wherein the wipers
that cooperate with their respective resistance umits are
mounted on a shaft so that they are angularly 180° apart
at all times. - This balances the drag of the wipers and
reduces the torque, both starting and running, that must
be applied to the shaft to vary the resistance. of each unit
- asrequired. -
An additional objective is to provide a dual ‘potenti-
ometer unit having an external construction adapted to
permit ganging any desired number of dual potentiometer
units so that these will ‘all ‘be operated by a single shaft;
this external construction including appropriate grooves
adapted to receive circular. clamps adapted to secure the
ganged units together in phased relationship, :

..-Another objective of the invention is to provide a ro-
tary type of .dual potentiometer wherein the external
clamping arrangement is designed to permit the. annular
clamps to be flush with the external surface of the casing
when the clamps are in place, with the exception of the
end clamps that hold the ends of the clamp together. . “This
arrangement permits easy external phasing of the -dual
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erated by the shaft, a rotor made of insulating material
on which are carried, in spaced relationship to each
other, two conductive slip rings provided with a prefer-
ably V-shaped groove. These two slip rings are insu-
lated from each other. - A stationary brush element rides
in its appropriate slip ring groove and is connected to a
suitable brush terminal, secured to the wall of the casing
and projecting therefrom. FEach rotor is also provided
with a suitable wiper support or arm for each resistance
element. - The wipers or wiper supports are in electrical
contact with the respective slip ring and the wipers or
the wiper supports as the case may be are positioned in
each dual unit so that they bear to each other an angular
relationship of 180°. The ends of each circular resist-
ance unit are connected to appropriate terminals respec-
tively, each of the corresponding end terminals are adja-

~ cent to its fixed brush terminal. This provides in a dual
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individual potentiometer. units whenever it-is desired to

gang a number of dual units together.

The rotary type of dual potentiometer unit according
to this invention comprises- an external casing which is
closed at one end by a cooperating: end plate having an
internal axial bearing or bushing housing, The opposite
end of the casing is closed by a second cooperating end
plate that also is provided with an internal- axial bearing
or bushing housing and has a central bore adapted to per-
mit passage of a.shaft. ~ A pair of circular resistances are
mounted within the casing so that each one of the resistors
is located near one end of the supporting casing, each of
the resistors being in spaced relationiship to the other and

each resistor being-insulated from'the casing. The cir-

cular resistors are placed within the casing so that they
are axially positioned; each circular resistor substantially
fills the entire circle and the small gaps formed by the
ends of the resistors are positioned angularly so that the
small gap of one resistor is located 180° from the gap of
the second ‘resistor of each dual potentiometer unit.:

. There is mounted on-the shaft, for each"dual unit op-
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potentiometer unit two groups of three terminals. each;
these protrude from the outer surface of the casing at
opposite. ends of a respective diameter.

The foregoing and subsequent description can be bet-
ter understood . and visualized by referring to the. accom-
panying drawings in which:

. FIG. 1 is an end plan view showing a dual potentiom-
eter unit with an axial shaft extending through the cas-
ing and further showing the conventional position of the
two sets of three terminals. ) ‘

FIG..2 is a cross section view of a single ‘dual potenti-
ometer unit with the end caps in pldce taken on the line
2—2 of FIG. 1.

FIG. 3.is an end elevation of a rotor; shaft and re-
sistor’ wipers when viewed from the extending shaft end.
The resistors are shown by the dotted lines and show
how the ends are in opposition. i

FIG. 4 is a side elevation showing the relationship of
the shaft, rotor, slip rings, wiper .arms and wipers that
were shown in FIG, 3. S ‘

FIG. 5 is a cross: section view illustrating how a plu-
rality of dual potentiometer units may be ganged on a
single shaft. :

Referring to the drawings, FIGS. 1'and 2 show a single
dual potentiometer unit.comprising a casing 10 having a
narrow internal circumferential groove 11 counterbored
from one end; the opposite end of the casing has a corre-
sponding external circumferential groove 12.  Groove 11
is adapted to receive cooperating groove 12 of a second
casing or ‘end plate. Adjoining the inner end of groove
12 there isva marrow groove 13 that is larger in diam-
eter- than groove 12 and terminates in a slightly: deeper
narrow -groove ‘14 which does not extend: to the sur-
face of groove 12: The cuter external surface.of cas- -
ing 19, from the end that counterbore 1l commences,
is provided ‘with a groove 15 corresponding in depth
to groove 13. Groove 15 also ends in a narrow slight
ly- deeper groove 16. - An annular clamping ring 17,
having a transverse cross section that corresponds to the
configuration of grooves 13, 14, 15 and 16, when two
casings or-a casing and. iis ends are mated together, se-
cures the casings or the casing and its ends together when-
ever the clamping ends of annular rings 17, designated in
FIG. 1 a5 18 and 19, are secured together by means of
a suitable fastener such as screw 20, after the clamp has
been properly seated in the grooves. ' Since the inner sur-
face of the longer ends of the clamp that fit in grooves
14 and ‘16 are slightly tapered, they tend to clamp the -
two .casings radially and longitudinally together when-
ever ‘the clamping annulus is pulled tightly around the
grooves by screw 20. ‘ .
< End ‘cap 21 has an axial bearing or bushing recess 22
in ‘which there is seated a’ball bearing -or bushing 23.

-The outer external surface of cap 21; adjacent the end
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from which bushing recess 22 extends, is also provided
with a mating groove 12 and a shallower groove 13 that
corresponds to groove 13 on the casing and also ends in
a slightly deeper groove 14, This permits clamping ring
17 to secure end cap 21 to the cooperating end of a
casing 10.

A second end cap 24 having a counterbored groove 11
at one end is also provided with a narrow external groove
15, corresponding to groove 15 of a casing, that ex-
tends inwardly and terminates in a slightly deeper groove
16. This permits cap 24 to close the other end of cas-
ing 10. The end of cap 24 from which counterbore 11
extends, is provided with an axial bearing or bush-
ing recess 25 in which there is seated a ball bearing
or bushing 26. A bore 27 extends axially through the
center of bearing recess 25 and continues through the
end of the cap. Bore 27 permits passage of a shaft 28
which is supported by bearings or bushings 23 and 26,
and is slightly larger than the diameter of the shaft so
as not to bind it.

Inside and adjoining the coupling portions 11 and 12,
the inner surface of the casing is provided with a groove
29 and a groove 30 in which are fitted insulating rings
31 and 32. A first circular resistor, preferably in -the
form of a mandrel wound resistance element 33, is sup-
ported by insulator 31 and a second circular resistor
34 in the form of a mandrel wound resistance element
is. supported by insulator 32. The inner surfaces of
the circular resistance elements 33 and 34 are coaxial
with shaft 28. One end 36 of circular resistance ele-
ment 33 is connected to insulated terminal 37 of FIG. 1,
and the other end 38 of circular resistor 33 is con-
nected to insulated terminal 39. Similarly one end 40
of circular resistor 34 is connected to insulated termi-
nal 41 and the other end 42 of circular resistor 34 is
connected to terminal 43. The gaps between the ends
of circular resistor elements 33 and 34 are positioned
within the casing on their respective insulator so that
the gaps bear an angular relationship of 18¢° to each
other. While the preferred resistor element is a mandrel
wound circular coil it is intended that any other suitable
type of circular resistor could be employed in place
of resistors 33 and 34.

A rotor element 44 made of suitable nonconducting
insulating material is secured on shaft 28 by any suit-
able means such as keying, press fitting, splining, or a
focking screw. Rotor element 44 is substantially cylin-
drical and has a central projecting annulus 45 that is
narrow- in. width and serves to insulate and separate slip
rings 46 and 47 from each other when these are in posi-
tion on the outer surface of rotor 44. Slip rings 46 and
47 are made of an electrical conducting material having a
low resistance and each slip ring is provided with a pref-
erably V-shaped groove designated by the numerals 48
and 49 respectively.

A resilient brush is secured to a terminal 51 which
extends from casing 16 and is adjacent terminals 37 and
39 as shown in FIG. 1. Resilient brush 50 rides in
V-shaped groove 48. A second resilient brush 52 is
secured to terminal 53 that extends from casing 1¢ and
is adjacent terminals 4% and 43; brush 52 rides in V-
shaped groove 49.

A wiper arm support 55 extends radially outwardly
from one end of rotor 44 and makes contact with slip
ring 46. A second wiper supporting arm 56 extends
radially outwardly from the other end of rotor 44 and
makes elettrical contact with slip ring 47. Arm 55 is
positioned  diametrically opposite to arm 56 but at the
opposite end of the rotor. A first wiper 57, preferably
of low resistance precious metal, is secured to the end of
- arm 55 and a second and similar wiper 58 is secured to
the end of arm 56. That portion of each wiper that
comes in contact with the inner surface of the circular
resistance elements is preferably shaped to resemble a V
and: is preferably located near or at the end of the wiper.
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The bottom of each V is curved slightly and assists the
wiper in sliding smoothly along the circular resistor con-
tact surface with a minimum of drag. The length of
the wipers is uniform and this is adjusted so that the
V-shaped contact portions press against the inmer sur-
face of the circular resistor element with sufficient pres-
sure; this is preferably adjusted so that the wipers will
exert approximately 4 mg./inches of force. Arms 55 and
56 may be long or short depending on the diameter of
the particular petentiometer casing that is employed.
Since the arms are 180° apart, the wipers that are secured
to the arms will also have the V-shaped contact por-
tions located 180° apart.

FIG. 5 shows a cross section view of a combination
of three rotary type dual potentiometer units ganged on
a single shaft. This arrangement provides six individual
potentiometers. As many dual units can be ganged on
one shaft as can be satisfactorily supported by that
shaft. Combinations have been assembled that contained
thirty dual potentiometer units; such an arrangement
made available sixty individual resistances which could all
be operated by a single shaft after they had been prop-
erly phased in.

The phasing of each potentiometer unit is accomplished
by simply loosening screw 2§ of the appropriate annular
clamp 17 and rotating the casing until that particular
unit showed the proper resistances for the setting of the
shaft.

The operation of the dual potentiometer according to
this invention is as follows: wipers 57 and 58 ride against
the inner surface of the circular resistance means as the
shaft is rotated and since the circular resistance means is
coaxial with the shaft the wiper will exert the correct
pressure at all times. The current that will flow at any
position is controlled by the amount of resistance that is
between the wiper contact and the end of the circular
resistor. The fixed resilient brush being always in con-
tact with its respective slip ring, will complete the cir-
cuit between the wiper contact and the terminal at the
end of the resistor.

The amount of rotation that the rotor and wiper as-
sembly make in reaching from one end of the resistor to
the other varies depending on the particular specifications
for various sized potentiometers. This usually varies
from 351° to 358° and is partly dependent on the size
of the potentiometer as well as the diameter of the resist-
ance wire forming the circular resistor.

The novel dual potentiometer unit makes it possible to
utilize two resistors in the space that is normally required
for a single resistance element due to the improved con-
struction. This reduces the space requirement about
50% and the weight requirement about 33%. Balancing
the drag of wipers on opposite sides of the rotor also re-
duces the starting and continuing torque and permits
smoother, delicate and more sensitive adjustment of the
resistances required. :

1t is to be understood that various alterations may be
made in the details of comstruction without departing
from the scope of the present invention as defined by the
following claims.

I claim:

1. A rotary wvariable resistance device comprising: a

- casing having a longitudinal axis; a first circular resistance
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means carried in said casing, concentric with said axis
and insulated from said casing; a second circular resist-
ance means carried in said casing, concentric with said
axis and insulated from said casing, said first and second
circular resistance means being in spaced relationship
with each other, the ends of the first circular resistance
means being positioned in said casing so that they bear
an angular relationship of 180° to the corresponding
ends of the second circular resistance means; a shaft
axially supported within said casing and capable of rota-
tion therein; an insulator rotor secured. to said shaft; a
first slip ring and a second slip ring concentrically mount-
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ed on said insulator rotor; said first and second slip rings
being insulated from each other; a first - brush means

adapted to engage said first slip ring; a -second brush:

means adapted .to engage said second slip ring; a first

wiper means connected to said first slip ring and adapted.

to make contact with said first circular resistance means;
a second . wiper means connected to said second slip ring
and adapted to ‘make contact with said second circular
resistance means, said first and second wiper means bear-
ing an angular relationship of 180° to each other; means
for making external connection with each end of the first
circular resistance means and with said first brush means;
and means for making external connection with each
end of the second circular resistance means and with said
second brush means. \ '

2. A rotary variable resistance device comprising: a
casing having ‘a longitudinal axis; a first circular resist-
ance means carried in said casing, concentric with said
axis and insulated from. said casing; a second circular
resistance means carried in said casing, concentric with
said axis and insulated from said casing, said first and
second circular. resistance means being in spaced rela-
tionship with each other, the ends of the first circular
resistance’ means being positioned in said casing so that
they bear an angular relationship of 180° to the corre-
sponding ends of the second circular resistance means;
a shaft axially supported within said casing and capable
of rotation therein; an insulator rotor secured to said
shaft; a first slip ring and a second slip ring concentrical-
ly mounted on said insulator rotor, said first and second
slip rings being insulated from each other; a first brush
means adapted to engage said first slip ring; a second
brush means adapted to engage said. second slip ring; a
first wiper means. connected to said first slip ring and
adapted to make contact with said first circular resist-
ance means; a second wiper means connected to said
second slip ring and adapted to make contact with said
second circular resistance means, said first and second
wiper means bearing an angular relationship of 180° ¢o
each other; a terminal means externally associated with
said casing adapted to make connection with one end
of the first circular resistance means; a terminal means
externally -associated with said casing adapted to make
connection with the other end of the first circular re-
sistance means; a terminal externally associated with said
- casing ‘adapted to make connection with said first brush
means; a terminal means associated externally with said
casing adapted to make connection with one end of the
second circular resistance means; a terminal means ex-
ternally associated with said casing adapted to make con-
nection with the other end of said second circular re-
sistance means; and terminal means associated external-
ly with said casing adapted to make connection with said
second brush means.

3. A rotary- variable resistance device ‘comprising; a
casing having a longitudinal axis; a first circular resist-
ance means carried in said casing, concentric with said
axis and insulated from said- casing; a second circular
resistance means. carried in said casing, concentric with
said axis and insulated from said casing, said first and
second circular resistance means being in spaced relation-
ship to each other, the ends of the first circular. resist-

ance means being positioned in said casing so that they ;
. 85

bear an angular relationship of 180° to the correspond-
ing ends of the second circular resistance means; a first
closure member adapted to engage one end .of 'said cas-
ing; a second closure member adapted to engage the
other end of said -casing, said second closure member
being provided with an axial bore; a shaft; means asso-
ciated with said first and second closure members for
axially and rotatably supporting said shaft within said
casing, said shaft extending through said axial bore in
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said -second closure member; an -insulator rotor secured

to said shaft between said first-and second closure mem-

({4

6.
bers; a first and a second slip ring secured to said insula-
tor rotor and in spaced relationship to-each other and
insulated from each other; a first brush means adapted to
engage the first slip, ring; a second brush means adapted
to engage the second slip ring; a first wiper means con-
nected to the first slip ring and adapted to make contact
with the first circular resistance means; a second wiper
means connected with' the second slip ring and adapted
to make contact with the second circular resistance
means, said first and second wiper means bearing an an-
gular relationship of 180° to each other; means for mak-
ing external connection with each end of the first circu-
lar resistance means and with the first brush means; and
means for making external connection with each end of
the second circular resistance means and with the second
brush means. .

4. Arotary variable resistance device according to claim
3 wherein each end of the casing is provided with means
for ‘axially- attaching another cooperating. casing thereto;
and locking means associated with each end of said co-
operating casings adapted to hold each pair of cooperating
casings in longitudinal and radial relationship. with each
other, )

5. A rotary variable resistance device comprising; a
plurality of cooperating casings, cach casing having a lon- -
gitudinal axis; a first circular resistance means, concentric
with said respective axis in each of said casings, each of
said circular resistance means being insulated from its re-
spective casing; a second circular resistance means, con-.
centric with said respective casing axis, in ‘each of said
casings, each of said circular. resistance means being in-
sulated from its respective casing, each of said first circu-
Iar resistance means. being in spaced relationship to its
corresponding second circular resistance means, the ends
of the first circular resistance means: being positioned in
its respective casing so that it bears an angular relation-
ship of 180° to the corresponding ends.of the second cir-
cular resistance means within said casing; a first closure
member adapted to engage the open end of one of the end

-casings in said assembled plurality of cooperating casings;

a second closure member adapted to engage the open end
of the other of the end casings in said assembled plurality
of cooperating casings, said second closure member hav-
ing an axial bore; a shaft; means associated with said
first and second closure members for axially and rotat-
ably supporting said shaft within said plurality of co-
operating casings, said shaft extending through said axial
bore in the second closure member; a plurality of insulator
rotors-secured ‘to said shaft, one rotor being adapted to
cooperate with its corresponding casing; a first and a sec-
ond slip ring secured to each of said insulator rotors, said
first and corresponding second slip rings being insulated
from each other; a first brush ‘means associated with each
of said casings and adapted to engage its corresponding
first slip ring; a second brush means associated with each
of said casings and adapted to engage its corresponding
second slip ring; a first wiper means associated with each
of said rotor insulators in contact with its respective firsi
slip ring and adapted to contact its respective first circu-
lar resistance means; a second wiper means associated with
each of said rotor insulators in contact with its respective
second slip ring and adapted to contact with'its respective -
second circular résistance means, each pair of cooperating
first and second wiper means. bearing an anguiar relation-
ship of 180° to each other; means associated with each-
individual casing adapted to permit -external connection
with each end of each respective first circular resistance

‘means ‘and - with each respective first- brush means; -and
‘means associated with each individual casing adapted to

permit' external connection with each end of each respec-
tive second circular resistance means and with' each re-
spective second brush means. ! : .
6. A rotary variable resistance device according to claim
5 wherein locking means are associated with each end of
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cooperating casings adapted to secure said casings in ax-
ial, longitudinal and radial relationship to each other.

7. A rotary variable resistance device comprising, a
casing having a longitudinal axis; means at each end of
said casing for coupling said casing to the cooperating
ends of a corresponding casing and to cooperating closure
members; a first circular resistance means carried in said
casing, concentric with said axis and insulated from said
casing; a second circular resistance means carried in said
casing, concentric with said axis and insulated from said
casing, said first and second circular resistance means
being in spaced relationship with each other, the ends of
the first circular resistance means being positioned in said
casing so that they bear an angular relationship of 180°
to the corresponding ends of the second circular resistance
means; a shaft axially supported within said casing and
capable of rotation therein; an insulator rotor secured to
said shaft; a first slip ring and a second slip ring con-
centrically mounted on said insulator rotor, said first and
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second slip rings being insulated from each other; a first

brush means adapted to engage said first slip ring; a second
brush means adapted to engage said second slip ring; a
first wiper means connected to said first slip ring and
adapted to make contact with said first circular resistance
means; a second wiper means connected to said second slip
ring and adapted to make contact with said second cir-
cular resistance means, said first and second wiper means
bearing an angular relationship of 180° to each other;
means for making external connection with each end of
the first circular resistance means and with said first brush
means; and means for making external connection with
each end of the second circular resistance means and with
said second brush means.
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