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17 Claims.
1
This invention relates to potentiometers, and
more particularly to a potentiometer having the
resistance element arranged as a helix and a
sliding contact moving around the helical ele-
ment.

2

" defects or errors in the use of the potentiometer

Potentiometers of the type herein shown and i

described have been previously provosed and be-
cause of the helical arrangement of the resist-
ance element these potentiometers are being used
in many fields where extremely delicate measure-
ments are required. They are especially adapted
to fields in which low torque instruments are
required, as the very high resolution permits the
use of a contact member extremely light in
weight. As very light contact members could be
used, it was of course relatively easy to design
actuators for moving the contact members which
could be operated with relatively small forces.
These prior low torque designs, however, created
a problem in that it was difficult to accurately
limit movement of the sliding contact between
predetermined positions at opposite ends of the
resistance element. _

This was so as the very light sliding contacts
were not rugged enough to take the forces exerted

- relatively thin disc of ‘insulation material.

10

even in aireraft or other flight instrumentalities,
such as rockets.

The resistance element of the potentiometer
herein shown and described is helical in form
and is engaged by a sliding eontact carried by a
The
disc is keyed to a shaft which is mounted for
rotation about an axis coincident with the longi-
tudinal axis of the resistance element. The disc

- also carries means extending between adjacent

15

20

25

or acting thereon if the contact member itself .

formed a part of the mechanism for limiting or
stopping movement of the contact member as it
moved into a predetermined position at the one
end or the other of the resistance element.
Although a number of proposals have been

made to obviate this difficulty, none have suc-

cessfully solved the problem created. These pro-
posals have in most part failed because they have
attempted to use the contact member itself as

a part of the stop mechanism or as a means for ..

actuating the stop mechanism. Where some suc-
cess has been had by strengthening the contact
member or its carrier, it has been gained at the
expense of the low torgque operational feature
of the potentiometer. Other proposals involved
the employment of mechanisms which not only
produced hysteresis when the potentiometer was
connected to a low torque actuator, but also in-
troduced errors resulting from elements of the
mechanism adversely affected by acceleration,
deceleration and other conditions encountered in
some fields in which such potentiometers are
used today.

The potentiometer of the present invention is
free of the objections found in these prior poten-
tiometers, for the same can be used with any low
torque actuator, is free of hysteresis, and the
limit stops, positive in action, are of such con-
struction that they do not introduce operational
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- resistance element.

coils of the resistance element and cooperative
therewith as the shaft is rotated, to move the
disc lengitudinally of the shaft as it rotates
therewith to move the contact along the helical
The disc and contact mem-
ber are extremely light in weight and thus do not
produce inertia forces which would introduce
hysteresis when low torque actuators are used to
operate the potentiometer. It is possible to use
very lightweight elements in the potentiometer
of the present invention for the limit stops of
the potentiometer are not a part of the contact
mechanism, but are formed as separate means.

The means used to form the limit stops of the
polentiometer of the present invention are located
on the shaft to which the contact carrier is

‘mounted and the restraining forces are taken not

by the carrier or the contact member thereon but
by the shaft itself. The stop means includes,
in the one embodiment of the invention illus-
trated herein, a helical spring having the same
number of turns as the resistance element. The
spring sleeves the shaft and co-acts with a small
lug to move the latter longitudinally of the shaft
as the same is rotated. A pair of abutments,
fixedly carried by the shaft and longitudinally
spaced apart thereon, limit longitudinal move-
ment of the lug in opposite directions for the
helical spring extends between the abutments and
the turns of the spring determine the number of
rotations of the shaft necessary to move the lug
from a position in which it is engaging one of
the abutments to a position in which it is engag-
ing the other of said abutments.

Movement of the lug in either direction along
the shaft by rotation of the latter is stopped as
soon as the Iug is moved into engagement with
one or the other of said abutments. As the lug
is solidly mounted in a keyway or slot of a journal
member supporting the shaft for rotation, the
shaft is alsc held against rotation once the ug is
moved into engagement with an aputment.

It will thus be seen that the stop mechanism
of the potentiometer of the present invention
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is positive in action and is actually formed in part
by the shaft itself. As the shaft can be formed
to take relatively high torsicnal forces without
increasing the torque required to produce rota-
tion of the shaft and consequently movement of
the contact member, the stop mechanism is ex~
tremely rugged and yet does not impair the low
torque operation of the potentiometer.

The stop mechanism does not complicate as-
sembly of the potentiometer, for the resistance
element is merely mounted in its housing in such
a way that the element, when mounted, will re-
main fixed relative to the housing and the stop
mechanism then assembled in such a manner
that it will limit movement of the sliding contact
member between predetermined positions at op-
posite ends of the element. This is so, for the
helieal spring is so formed that the coils thereof
define a helical passageway of the identical num-
ber of turns as the helical resistance member and
the position of the lug relative to the coils or
turns of the spring can be set o always match
the position of the contact relative to the coils
or turns of the resistance element as the shait
is rotated.

Another feature of the potentiometer of the
present invention resides in the particular co-
action between the resistance element and the
stop mechanism. As the helical spring producing
longitudinal movement of the lug between the
abutment also determines the number of com-
plete revolutions of the shafi necessary to move
the contact about the entire series of turns of
the resistance element, it is cbvious that the same
stop mechanism is easily converted for use with
vesistance elements of varying numbers of turns
by merely using a spring defining a passageway of
the same number of turns as the particular ele-
ment with which the stop mechanism is used.
For example, if the potentiometer is a “ten-turn”
instrument, i. e., has a resistance element formed
of ten turns, the spring must define a passageway
of ten turns, and by merely substituting a spring
which defines an eight-turn passageway the stop
mechanism functions equally as weil with an
“gight-turn” resistance eiement.

In another embodiment of the present inven-
tion, the stop mechanism is substantially the
same as above mentioned except that two lugs
are used. In this form of the invention, the re-
sistance element is formed of a relatively small
number of turns and the helical spring control-
ling movement of the lug is formed with a larger
number of turns than the element. In the as-
sembly of this form of the stop mechanism, the
one lug is so disposed as to be engaging one abut-
ment while the other lug is mounted between
the turn of the spring corresponding to the maxi-
mum number of turns of the element. Thus,
when the shaft is rotated the first lug moves out
of engagement with its abutment and the second
lug will move into engagement with the other
abutment after the shaft has been rotated a num-
ber of revolutions equal to the number of turns
of the element.

Thus, the potentiometer of the present inven-
tion has all of the desirable features of the pre-
viously proposed helical potentiometers in that
the elongate resistance element permits very ac-
curate measurements to be made. Furthermore,
the contact mechanism is such that low torque
actuators can be used without the danger of
hysteresis creating errors in the measurement
affected. The stop mechanism, separate from
the contact mechanism, is extremely rugged and,
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while positive in action, does not complicate
either the assembly of the instrument or its
operation.

Other features and advantages of the present
invention will be apparent from the following de-
tailed description, particularly when taken in
connection with the accompanying drawing, in
which:

Figure 1 is a sectional view of one embodiment
of the potentiometer of the present invention in-
cluding the registering actuator for rotating the
shaft thereof; ’

Figure 2 is a section taken along line 2—2 of
Figure 1;

Figure 3 is a perspective view .of the contact
member coaxially carried by the shaft and shown
detached from the latter;

Figure 4 is a perspective view of the register-
ing actuator for rotating the shait;

Figure 5 is a perspective view of the contact
carrier shown detached from the shaft;

Figure 6 is a section taken along line 6—6 of
Figure 1;

Tigure 7 is a sectional view of the potentiom-
eter showing the lug in engagement with one of
the abutments;

Figure 8 is a perspective view of the lining
sheet which is bonded about the resistance ele-
ment with the ends of the lining sheet separated
to more clearly illustrate the leads of the re-
sistance wire; and

Figure § is a view similar to Figure 1 showing a
modified form of the potentiometer.

The potentiometier of the present invention,
referring now to the drawing, and more paxticu-
larly to Figure 1 thereof, comprises & resistance
element i, consisting of a core member i,
formed as a helix, having, in the embodiment of
the invention illustrated, ten turns or coils. The
core member |§ carries the resistance wire, which
is helically wound thereon as-in a conventional
potentiometer with the opposite ends of the core
exposed or free of resistance wire. The resist-
ance wire is insulated from the core member
preferably by coating the core member with a
suitable insulating material prior to the step . of
winding the resistance wire thereon.

In the now preferred method of forming the
resistance element, the same, after the resistance
wire is wound about the core ii, is dipped info a
liguid bath of some suitable insulating material,
which when set and hardened not only insulates
the turns of the resistance wire from each other,
but also holds these turns against displacement.
After the material in which the element is dipped
has set and hardened, the core member Iis
formed into a helix having the number of turns
desired. The insulation material is now removed
from at least the inner surfaces of the turns of
the element to permit electrical engagement be-
tween the resistance wire and the movable con-
tact 12 of the potentiometer.

In the illustrated embodiment of the present
invention, the movable contact 12 is: carried ad-
jacent the one end of a spring arm 13 the oppo-
site end of which is fixed to a disc {4 formed of
some non-current conducting material. The
disc 18, referring now to Figure 5, is formed with
a centrally located aperture 15 to permit the disc
to be coaxially mounted to a shaft 16 adapted to
rotate about an axis coincident with the axis
of the resistance element. The disc 14 is also
formed with a narrow, radially extending slot {1
opening at one end into the aperture {5 for pass-
ing a key 18 longitudinally extending along the
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shaft 16, If should now be seen that the disc 14
because of the key and slot connection to the
shaft 16 will rotate therewith, but yet is movable
longitudinally of the shaft i6.

To move the disc 12 longitudinally of the shaft
16, the disc, in the illustrated embodiment of
the present invention, is split as indicated at
i and the adjacent ends of the split portion
of the disc are held apart by the free end of

the spring arm {8 to which the contact member ;

12 is mounted. It will be seen now that the
peripheral portion of the disec forms a helix
and the helically arranged peripheral portion
of the disc extends between adjacent turns of
the resistance element 10.
the resistance element 18 is fixed within the
casing 21, and as the shaft 1§ turns relative to
the casing 21, the peripheral portion of the disc
{4 extending hetween adjacent turns of the ele-
ment acts as a follower which is cammed to
the left or right as viewed in Figure 1, depending
upon the direction or rotation of the shaft {6.
It should be understoed that the turns of the
resistance element I8 will act as a cam, coacting
with the peripheral portion of the disc 4 to
move the latier longitudinally of the shaft-i6
as the same is rotated. This movement of the
disc 14 will of course cause the contact member
{2 toc move around the individual turns or coils

of the resistance element to intreduce varying g

degrees of the resistance into a circuit forming a
part of the control apparatus.

The casing 21 in which the resistance element
{8 is fixed includes a cylindrical element 22, the

opposite open ends of which are closed by dise o

members 23 and 24 respectively. The cylin-
drical member 22 of the casing 2! is provided
with a lining element 25 of non-current con-
ducting material, which may comprise a sheet

of some suitable paper, which preferably is coated 4:

cr impregnated with a resinous material to
strengthen the same, as well as to render the
paper impervious to moisture. The sheet of
paper is somewhat longer than the circumference
of the inner cylindrical wall of the casing 21 so
that the opposite ends thereof overlap after the
lining sheet is coiled infto a cylindrical form.
This is clearly shown in Figure 2 of the drawing.

The resistance element, whose outer diameter

is substantially the same as the inner diameter 5

of the lining 25, is securely anchored or bonded
to the latter by a bonding agent indicated at
23, The bonding agent may consist cf the ma-
terial used to impregnate the lining sheet, or
may be a separate material applied between the
impregnated lining and the turns of the re-
sistance element. Whatever material is used,
the same should be one which will securelv
hond the turns of the element to the lining sheet.

The lining sheet 25 is held against rotation
relative to the casing 2{ by the drive screws
21, or other fastening elements, used to mount
the discs 23 and 2& within the opposite ends
of the cylindrical member 22. As the lining
258 is held against rotation relative to the casing,
the resistance element is, of course, also held
against movement relative to the casing.

The disc 23 carries the terminals of the po-
tentiometer and the rightward end of the re-
sistance element !0, as viewed in Figure 1, is
connected to a terminal 28 by a lead 29 elec-
trically connected to the one end of the resistance
element and, as best seen in Figure 8, passed he-
tween the overlapping end portion of the lining
25 somewhat longitudinally of the casing to a

As will be shown, 1:
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small aperture formed in the inner overlapping
end portion adjacent to the terminal 28. The
lead 28 is passed into the interior of the housing
through this aperture and then lead outwardly
of the housing through a passage 30 in the disc
33 formed adjacent the terminal 28 which is
fixed in an opening in the disc 23 by peening
over the inner end thereof as indicated at 31i.
The free end of the lead 29 is preferably se-
cured to a pin 32, carried by the terminal 28,
by a solder, although other means may be used
to electrically interconnect the lead 29 and the
pin 32.

A lead 33 electrically connected to the left-
ward end of the resistance element, as viewed
in Figure 1, is passed through an opening formed
in the inner overlapping end portion of the lin-~
ing 26, referring again to Figure 8, and then
passed longitudinally to the left, as viewed in
Figure 1, to a second aperture through which
the lead is passed into the interior of the casing
2i. The free end of the lead is then passed
through a passage 24 in the disc 22 contiguous
to a terminal 38 similar to the terminal 28 which
is fixed to the disc 23 in the same manner as is
terminal 28 fixed to the disc 23. The lead
33 is electrically connected to the pin of ter-
minal 35 in the same manner that lead 28 was
fixed to the pin 82 of terminal 28.

A flexible lead 3§ of a length substantialiy
equal to the shaft 1§ is wrapped akbout the lat-
ter and has one end electrically connected to
the resilient arm I3 which carries the contact
member 12. The opposite end of this lead is
electrically connected, referring now to Figure 3,
to an annular member 37 of a resilient current
conducting material carrying a contact member
48. The member 37 is fixed to a disc 39 of some
suitable insulation material, which is coaxially
mounted to the one end of the shaft (8 and
rotates therewith. As the conduciing member
37 is fixed to the disc 28, the contact membper
38 obviously will move in an annular path as
the shaft 1§ is rotated. The resilient current
conducting member 37 holds the contact 58 car-
ried thereby in good electrical engagement with
an annular contact 4{ fixed to the inner face
of the disc 23 by s terminal member 44 similar
to members 28 and 35, and which includes a
pin 45 outwardly projecting from the disc 23.

It should now be seen that as the shaft 16 is
rotated and the disc 14 is moved longitudinally
thereof, the flexible lead 2§ will follow the disc
{4 to the end that the contact {2 is at all times
electrically connected to the pin 45. Care should
be taken to insure that the resilient member 27
to which the contact 38 is mounted will always
urge the latter against the fixed contact 4§ to
maintain good electrical engagement between the
contact 38 and the annular contact member £14.

The potentiometer just described hss all of

-the desirable features of previously proposed po-

tentiometers of this type, for the elongate re-
sistance element 18 permits, as should be un-
derstood, extremely acecurate messurements to be
made. As the disc 14 to which the contact {2 is
mounted is formed of a relatively light weight
material, and as this disc itself is employed to
move the contact {2 longitudinally of the resist-
ance element (8, there is little resistance to move-
ment of the contact {2, and the shaft {6 can

. be connected to measuring instruments of vari-

ous types, which develop relatively low torque
forces in operation.
The potentiometer of the present invention is
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therefore not likely to produce errors in meas-
urement due to hysteresis. In fact it has been
found that in some fields of use, it is necessary to
introduce some frictional resistance to rotational
movement of the shaft 15, and this is most con-
veniently done by mounting a spring washer 46
between the inner face of the disc 24 and a col-
lar 47 fixed to the shaft {6 adjacent to its pas-
sage through the disc 24.

It is of course desirable to provide some mecha-
nism for limiting the movement of the contact
f2 along the element {8 and between the ex-
posed opposite ends of the same, as well as for
preventing the disc {4 from being moved out of
engagement with the outer turns of the resist-
ance element {8 for it will be remembered that it
is this engagement which produces the longitu-
dinal movement of the disc 14 relative to the shaft
16, Although in some previously proposed poten-
tiometers, this stop mechanism has coacted with
the contact carrier itself to limit movement of
the latter, in the present invention the stop
mechanism is separate and forms no part of the
contact carrier. This is done to relieve the disc
{4 of the strain which would obviously be im-
posed thereon if the disc was moved into engage-
ment with fixed abutments or the like, which
would limit movement of the disc {4.

The stop mechanism of the potentiometer of
the present invention is formed by reducing the
shaft 16 as indicated at 48 to form an annular
channel receiving a helical spring 8. The spring
circumscribes or sleeves the bottom wall of the
channel and the opposite ends of the spring are
fixed to the shaft I8 by anchoring the ends in
narrow grooves formed adjacent the side walls
51 and 52 of the channel. The side walls 51 and
52 of the channsel are formed with abutments 53
and 54, respectively, each having a relatively wide
face extending substantially parallel to the longi-
tudinal axis of the shaft i5. The abutments are
arranged in oppositely facing relation and, as will
be hereinafter shown, cooperate with a small lug
55 to limit rotation of the shaft {6 and conse-
quently movement of the contact 12.

The lug 55 is slidably mounted in a slot 56
formed in the wall of the bore of an elongate
bearing member 57 in which the shaft 1§ is jour-
nalled. The bearing member 57 is formed with
an -enlarged head-like extremity which is co-
axially fixed in a centrally located opening in the
disc 28 with the body or shank portion of the
bearing member projecting cutwardly from the
exterior face of the disc. It will be seen that the
slot B8 extends longitudinally of the shaft i§ and
is of a depnth less than the thickness of the lug
55 so that a portion of the lug projects into the
channel £8. The outer face of the lug 55 actu-
ally engages the bottom wall of the channel 48
and is thus supported for sliding movement by
the walls of the slot 58 as well as the bottom
wall of the channel 48. The portion of the lug
55 projecting from the groove 88 is adapted to
be mounted between adjacent turns of the spring
48 which, as the shaft is rotated, moves the lug
55 longitudinally of the slot 56 in one direction
or the other depending upon the direction of
rotation of the shaft 6. The coils of the spring
89 disposed between the side walls §l and 52
are of such a number that the same define there-
between a helical passageway of the same num-
ber of turns as the resistance element. The
helical passageway defined by.the coils of the
spring extends from one abutiment to the other
and the 1ug moves relatively through the pas-
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sageway as the spring revolves with the shaft.
Thus revolutions of the shaft equal in number to
the turns of the resistance element will move the
lug from one abutment to the other.

As long as the lug 55 is between any adjacent
turns of the spring 28 other than the outer pairs
of adjacent turns, the lug will be moved longi-
tudinally of the shaft 18, for each rotation of
the same, a distance equal to the diameter of
the wire of which the spring is formed. The
lug during its relative movement around and
through the outer pairs of adjacent turns of the
spring must move a relatively greater distance,
however, to bring the lug into facewise engage-
ment with cne or the other of the abutments
53 and 54.

To bring about this movement the side walls
5{ and 52 of the channel are formed as helical
surfaces having a pitch substantially equal to
the width of the faces of the abutments 53 and
54. With the side walls 8! and %2 thus formed,
the g during its relative movement through
the outer pairs of adjacent turns of the spring
will move a distance longitudinally of the shaft
equal to the pitch of the helical surfaces pre-
sented by the walls i and 82 of the channel
48. 'This is so, for the lug, as it distends the
turns of the spring 48, will be urged thereby
against one or the other of the helical surfaces
presented by the side walls 51 or §2 and conse-
quently when dispesed between either of the
outer vairs of adjacent turns will move during
a complete revolution of the shaft {8 a distance
substantially egual to the pitch of the surfaces,
which, as above explained, is substantially equal
to the width of the faces of the abutments.
Movement of the lug into engagement with either
abutment will, of course, hold the shaft against
rotation.

This construction results in a more positive
and more rugged stop mechanism, for the lug
can be formed of a relatively larger size than
would be possible if the helical surfaces were not
present. This should be obvious, for otherwise

» the abutment could be no wider than the di-

ameter of the wire of which the spring is formed.

In the assembly of the potentiometer of the
present invention the contact member 12 is posi-
tioned so that it is in engagement with a pre-
determined peoint or position at the one end of
the resistance element (8. While the contact
meraber is held in this position the stop mecha-
nism is assembled with the lug in engagement
with the abutment 54, With the potentiometer
thus assembled, rotational movement of the shaft
16 will, as previously explained, move the disc
{4 longitudinally of the shaft to bring about
movement of the contact member {2 around
the turns of the resistance element 10. With
the potentiometer assembled as above described,
that is, with the lug 55 engaging the abutment
54 and the contact 12 engaging a predetermined
position at the rightward end of the resistance
element as viewed in Figure 1, ten turns of the
shaft 18 will move the lug into engagement with
the abutment 54 as the contact 12 moveg into
engagement with a predetermined position at
the opposite or leftward end of the resistance
element as viewed in Figure 1.

Although any means may be used to turn or
rotate the shaft {6, in the embodiment of the
invention illustrated in Figure 1, a registering
actuator 98 of the type shown and disclosed in
my copending application, Serial No. 790,402,
(now Patent No. 2,532,970, issued December 5,
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1950) is shown. This actuator comprises a body
member §9 directly fixed to the one end of the
shaft 16 and consequently the shaft is rotated
as the body member is rotated. The manner in
which the elements of the actuator cooperate
with each other to register turns of the shaft
16 is not required for a full understanding of
the invention herein shown, but suffice it to say,
the actuator comprises a pair of scales 690 and
61, referring now tc Figure 4, which indicate,
respectively, fractional and complete revolutions
of the shaft i6.

Although the lug is subject to shear forees, if
an attempt is made to rotate the shaft after
the lug is engaged with one or the other of the
abutments, by merely forming the Iug of a ma-
terial having a high shear strength, all danger
of the lug failing in use is eliminated. The stop
mechanism of the present invention furthermore
is positive in action, for the retaining forces are
exerted directly on the shaft and not indirectly
as in some prior potentiometers. The shaft,
however, is well able to take the torsional forces
created therein as the lug is moved into engage~
ment with one or the other of the abutments
integrally formed on the shaft. Purthermore,
the stop mechanism of the present invention in
no way interferes with the overation of the
potentiometer and does not increase the torque
required to rotate the shaft i85.

As the turns of the helical spring control the
relative movement of the lug about the shaft in
substantially the same way as the turns of the
resistance element control the relative movement
of the contact relative to the shaft, a potenti-
ometer having a five-turn resistance element, for
examnle, can be provided with a stop mechanism
of the present invention by merely using a five
turn helical spring.

There is shown in Figure 9 a potentiometer of
substantially the same construction as that of
the potentiometer shown in PFigure 1, and in
which elements thereof identical to elements of
the first described potentiometer are identified by
the same reference characters. 'The poten-
tiometer of Figure 9 differs from the poten-
tiometer shown by Figure 1 only in the number
of turns of the resistance element. The re-
sistance element 82 of the potentiometer illus-
trated in ¥Figure 9 is formed with but five turns
and consequently can he housed in g casing 63
of a shorter length than the casing 21.

As the resistance element 62 has but five turns,
the spring 64 controlling movement of the lug
-85 is consequently formed of the number of turns
or coils which will define a five turn passageway
through which the lug relatively moves as the
shaft is rotated. The mode of operation of the
potentiometer of Figure 9, however, is the same
as that of the potentiometer shown by Figure 1,
with this exception: The contact (2 is moved
from one extreme position at the one end of
the resistance slement to & second extreme posi-
tion at the opposite end of the element by five
complete revolutions of the shaft 65. The five
complete revolutions of the shaft also, as should
now be understood, move the lug 55 from 3 po-
sition in which it is engaging the one abutment
to a second extreme position in which it is en-
gaging the second ahutment.
the lug moves into engagement with an abutment
and prevents furthsr rotation of the shaft at the
same time the contact moves into its limit or pre-
selected position on the resistance element.

It should be seen now that by merely changing

Thus, here again 7
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the helical spring, it is possible to adapt the
stop mechanism of the present invention to po-
tentiometers having g wide range of turns. Al-
though some difficulty might be experienced with
one-turn instruments if but one lug was used,
the stop mechanism can be adapted to a one-
turn insfrument by using two slugs in the place
of onie. Insuch a construction, the potentiometer
would be assembled with the one lug engaging
the one abutment and the contact 2 at the one

extreme position relative to the resistance ele-

ment and the second lug would be mounted be-
tween the second and third turns of the helical
spring adjacent to the opposite abutment. This
second lug would obviously then move into en-
gagement with the opposite abutment upon one
complete revolution of the shaft. One complete
revolution of the shaft would of course move
the other lug out of engagement with its abut-
ment, but one complete revolution of the shaft
in the opposite direction would again move this
lug back into engagement with its abutment.
In this particular arrangement of the stop
mechanism, the number of turns in the helical
spring would, of course, be immaterial.

Although the now preferred embodiments of
the present invention have been shown and de-
scribed herein, it iy to be understood that the
same is not to be limited thereto, for it is sus-
ceptible to changes in form and detail within
the scope of the appended claims.

I claim:

1. A potentiometer of the type described, com-
prising: w3 resistance element disposed helically
akout an axis to provide g plurality of turns,
there being a helical space between and bounded
by the sides of adjacent turns; a rotor journalled
to turn about the axis of said helix: a contact
assembly, including a guide element, disposed in
@ plane which is angled with respect to a plane
perpendicular to said axis, the angle between said
planes being substantially equal to the helix angle
of said resistance element; said guide element
extending into said space and engageable with
atb least one of adjacent turns defining said space;
a contact carried by said contact assembly and
spaced from said guide element; means for
mounting said contact assembly to move along
said rotor in a direction substantially parallel
to sald axis; said guide element following said
helical space as said rotor is turned about said
axXis to advance said contact assembly along said
rotor and maintain said contact in engagement
with said resistance element; and means, sepa-
rate from said conbact assembly, for engaging
and positively holding said rotor against contin-
ued rotation after said contact assembly has
moved said contact into engagement with either
end of said element, thereby limiting movement
of said contact to movement between predeter-
mined positions at opposite ends of said element.

2. A potentiometer of the type described, com-
rising: a resistance element providing a plurality
of turns extending around an axis, there being
a space between adjacent turms of the same
figuration as said resistance element; a contact
assembly, including a guide element extending
into said space between adjacent turns of the
element; said contact assembly providing a con-

.tact spaced from said guide element and retained

in contact with one of said turns by said assem-
bly as the same moves along said axis: a rotor
journalled to turn akout said axis; means for
mounting said contact assembly to move along
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said rotor to retain said guide element between
said adjacent turns while advancing said con-
tact along said resistance element; a pair of
-spaced abutments formed on said rotor; shear-
resisting means reciprocally movable longitudi-
nally- of ‘said rotor between and into engagement
‘with one or the other of the said abubments; and
means for moving said shear-resisting means in
opposite directions longitudinally of said rotor
upon totation thereof in opposite directions, the
engagement of said shear-resisting means with
either of said abutments holding said rotor
against further rotation in the direction produc-
ing movement of said shear-resisting means into
engagement with the engaged abutment.

-3. A potentiometer of the type described, com-
~prising: a resistance element disposed helically
-gpout -an axis to provide a plurality of turns, said

element including a. core and a resistance wire
~wound substantially helically therearound to
form-minor turns, the minor turns formed by the
-opposite ends of said resistance wire being
located inwardly of the opposite ends of said
core toform exposed core portions at the opposite
ends of said core; a shaft eoaxially mounted for
rotational movement relative to said resistance
- element; contact means engaging said element
and keyed to said shafi for rotational movement
therewith: means carried by said contact means
-extending intermediate adjacent turns of said
element and reacting therewith to move said con-
tact means longitudinally of said shaft as the
_same ‘is rotated, whereby rotation of said shaft
moves said contact means in a helical path along
Said-element; a pair of abutments longitudinally
-spaced-apart on said shaft; stop means movable
‘between and into engagement with said abut-
-ments; said stop means holding said shaft against
_rotation when moved into engagement with one
_or .the other of sald abutments; and means for
-synchronizing movement of said stop means rela-
tive to said sbutments with movement of said
contact means whereby said stop means moves
into engagement with one or the other of said
abutments as said contact means moves into en-
_gagement with one or the other of the minor
turns formed by the opposite ends of said re-
sistance wire.

4. A potentiometer of the type described, com-

prising: a helical resistance element having a ;

-pre-selected number of turns; a shaft; means for
mounting said shaft coaxially of said element
. for rotational movement relative thereto: a con-
tact adapted to engage said element; a contact
carrier mounted to said shaft for rotational
movement therewith and longitudinal movement
there along,. said carrier extending between ad-
jacent turns of said element and reacting there-
with. to move said contact along said resistance
element as said shaft is rotated; a pair of abut-
ments Jongitudinally spaced apart on said shaft;
a lug;. means carried by said mounting means for
holding said lug against rotation with said shaft
while . permitting movement of said lug longitu-
dinally of said shaft between -and into engage-
ment with one or the other of said abutments;
a helical spring  fixedly sleeving said shaft and
disposed between said abutments, said spring de-
fining a helical passageway having a number of
turns equal to the number of turns of said re-
sistance element; the turns of said spring moving
said lug longitudinally of said shaft as the latter
is rotated; the movement of said lug into en-
gagement with one or the other of said abut-
ments holding -said shaft against further ro-
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t&tibn in the direction producing movement of
said lug into engagement with the engaged:abut-

‘ment.

5, A potentiometer of the type described, com-
prising: a helical resistance element having a
preselected number of turns; a shaft coaxially
mounted for rotational movement relative to said
elemernt; a contact adapied to engage said ele-
ment; a contact carrier mounted to said shaft for
rotational movement therewith and longitudinal
movement therealong, said carrier extending be-
tween adjacent turns of said element and react-
ing therewith to move said contact along said
resistance element as said shaft is rotated; a
pair.of abutments longitudinally spaced apart on

~said shaft: a lug; means for supporting said shaft

for rotation, including means for mounting said
lugs for reciprocal movement longitudinally of
said shaft between and into engagement with one
or the other of said abutments; and a helical
spring sleeving said shaft and disposed between
said’ abutments, said spring defining a helical
passageway having a number of turns equal to

-the preselected number of turns of said resist-
-ance element; said lug being mounted for relative
‘movement through the turns of said spring as the

latter rotates with said shaft, whereby rotation
of said shaft moves said lug longitudinally of said
shaft, the engagement of said lug with one or the
other of sald abutments holding said shaft
against further rotation in the directicn produc-
ing movement of said lug into engagement with
the engaged abutment.

‘6. “A potentiometer of the type described, com-
prising: -a helical resistance element having a
preselected number of turns; a shaft coaxially
mounted for rotational movement relative to
said element; a contact adapted to engage said
element; a contact carrier transversely mounted
to-said shaft for rotational movement therewith
and longitudinal movement therealong, said car-
rier extending between adjacent turns of said
element and reacting therewith to move said con-
tact along said resistance element as said shaft

-is'rotated; a pair of spaced abutments formed on
-said shaft; a lug retained against rotation and

mounted for reciprocal movement longitudinally

-of said shaft between and into engagement with

one or the other of said abutments; means car-
ried by said shaft and disposed between said
abutments defining a helical passageway having
a number of turns equal to the number of turns
of said resistance element; said lug being
mounted for relative movement through the
turns of said passageway as said last named
means rotates with said shaft; the engagement of
said lug with one or the other of said abutments
holding said shaft against further rotation in
the direction producing movement of said lug
into engagement with the engaged abutment.
7. A potentiometer of the type described, com-

-prising: a resistance element disposed helically

about an axis to provide a plurality of space
turns; a shaft mounted for rotation about an
axis coincident with said first named axis; a
relatively thin disc of insulating material keyed
to said shaft for rotational movement therewith
and longitudinal movement therealong; a flexible
arm having one end fixed to said disc; and a con-
tact carried adjacent to the free end of said arm
and resiliently held thereby in engagement with
said element; said disc being formed with a slit
radially extending inwardly from the periphery
thereof; the free end of said arm extending
through said slit and holding the defining edges
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of said slit spaced apart to form the periphery
of said disc as a helix having a pitch substan-
tially equal to the distance between adjacent
turns of said resistance element: the periphery
of said disc extending between adjacent turns of
said resistance element and reacting therewith
as said disc rotates with said shaft to move said
disc longitudinally of said shaft and the contact
around the turns of said element.

8. A potentiometer of the type described, com-
prising: an open ended housing providing an in-
ternal cylindrical wall surface; a sheet of in-
sulating material coiled to extend around said
wall surface with the opposite end portions there-
of in overlapping arrangement; s resistance ele-
ment disposed helically about an axis to provide
a plurality of equally spaced turns:; means bond-
ing the outer surfaces of said turns to the inner
surface of said coiled sheet engaging said eylin-
drical wall surface; means closing the open ends
of said housing; means for holding said closing
means against displacement from said housing,
said holding means securing said coiled sheet
to said housing thereby fixing said resistance
element against the movement relative to said
housing; an electrical conductor connected to op-
posite ends of said resistance element, the inner
overlapping end portion of said sheet having an
opening formed therein through which at least
one of said conductors is passed to longitudinally
extend between said overlapping end portions.

9. A potentiometer of the type described, com-
prising: a resistance element disposed helically
about an axis to provide a number of turns; a
shaft; means for mounting said shaft for ro-
tation about an axis coincident with said first
named axis, a contact assembly mounted to said
shaft for rotation therewith and longitudinal
movement therealong; means for moving said
assembly longitudinally of said shaft as the same
is rofated; a contact mounted tc said assembly
and engaged with and movable about the turns
of said element as said assembly is moved along
said shaft as it rotates therewith: means fixed
to said shaft defining a passageway helically ar-
ranged about an axis coincident with the axis of
rotation of said shaft, said passageway formed of
the same number of turns as said element; a
member slidably mounted in a groove formed in
said shaft-mounting means longitudinally ex-
tending relative to said shaft: said member hav-
ing a portion thereof disposed within said pas-
sageway and relatively movable therethrough as
said shaft is rotated; an abutment fixed to said
shaft and disposed at each end of said passage-
way, revolutions of said shaft equal in number
to the turns of said element moving said mem-
ber from » position in which the same is en-
gaging one of said abutments to a position in
which the same is engaging the other of said
abutments while simultaneously meving said con-
tact from a predetermined position adjacent one
end of said element to a predetermined Dposition
adjacent the other end of said element.

10. A potentiometer of the type described,
comprising: a resistance element disposed heli-
cally about an axis to provide a number of turns
equally spaced apart; a shaft; means for mount-
ing said shaft for rotation about an axis coin-
cident with said first named axis; a contact as-
sembly mounted to said shaft for rotation there-
with and longitudinal movement therealong;
means carried by said assembly extending be-
tween adjacent turns of said element and re-
acting therewith to move said assembly longi-
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tudinally of said shaft as the same is rotated;
a contact mounted to said assembly and engaged
with and mevable about the turns of said ele-
ment as said assembly is moved along said shaft;
means on said shaft defining a helical passage-
way of the same number of turns as said element;
a member held against rotation with said shaft
and movable longitudinally of the same; said
member having a portion thereof disposed with-
in said passageway and relatively movable there-
through as said shaft is rotated: and an abut-
ment fixed to said shaft and disposed at each
end of said passageway; movement of said mem-
ber into engagement with either one of said abut-
ments by rotation of said shaft holding said
shaft against a continued rotation in the direc-
tion producing movement of said member into
engagement with an abutment.

11. A potentiometer of the type described, com-
prising: a resistance element disposed helically
about an axis to provide a plurality of turns, said
element including a core and a resistance wire
wound substantially helically therearcund to
form minor turns, the minor turns formed by the
opposite ends of said resistance wire being located
inwaxrdly of the opposite ends of said core to form
exposed core pertions at the opposite ends of said
core; a shaft coaxially mounted for rotational
movement relative to said resistance element:
contact means engaging said element and keved
to said shaft for rotational movement therewith;
means carried by said contact means extend-
ing intermediate adjacent turns of said element
and reacting therewith to move said contact
means Jongitudinally of said shaft as the same is
rotated, whereby rotation of said shaft moves
said contact means in a helical path coincident
with the turns of said element: a pair of abut-
ments longitudinally spaced apart on said shaft:
a lug movable between and into engagement with
one or the other of said abuiments; said last
named means holding said shaft against rotation
when moved into engagement with one or the
other of said ahutments; and a helical spring sur-
rounding said shaft between said abutments, said
spring defining a helical passageway of the same
number of turns as said resistance element and
synehronizing movement of said lug relative to
said abutments with movemant of said contact
means relative to said element whereby said lug
moves into engagement with one or the other of
said abutments as said contact means moves into
engagement with one or the other of the minor
turns formed by the opposite ends of said resist-
ance wire.

12. A potentiometer of the type deseribed, com-
prising: a resistance element disvosed helically
about an axis to provide a number of turns equal-
Iy spaced apart; a shaft; means for mounting
said shaft for rotation ahout an axis coincident
with said first named axis; a contact assembly
mounted to said shaft for rotation therewith and
longitudinal novement therealong: means ear-
ried by said assembly extending between adjia~
cent turns of said element and reacting there-
with to move said assembly longitudinally of said
shaft as the same is rotated: a contact mounted
to said assembly and engaged with and movabie
about the turns of said element as said assembly
Is moved along said shaft by rotation thereof ;a
pair of abutments longitudinaily spaced apart cn
said shaft; a helical spring coaxially fixed to said
shaft intermediate said abutments; the coils of
said spring defining a helicai passageway of the
same number of turns as said resistance element ;
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and a lug mounted for sliding movement longi~
tudinally of said shaft, a portion of said lug €x-
tending into said passageway, whereby rotation
of said shaft moves said lug relatively through
sald passageway coincident with movement of
said contact about the turns of said element; en-~
gagement of said lug with one or the other of
said abutments holding said shaft against rota-
tion, thereby limiting movement of said contact
relative to the turns of said element hetween pre-
determined positions at opposite ends of said ele-
ment,

13. A ‘potentiometer of the type described,
comprising: a helical resistance element having a
preselected number of turns; a shaft coaxially
mounted for rotational movement relative to said
element; a contact adapted to engage said ele~
ment; a contact carrier transversely mounted to
said shaft for rotational movement therewith and

_longitudinal movement therealong, said carrier
extending between adjacent turns of said element
‘and reacting therewith to move said contact
along said resistance element as said shaft is
rotated; a pair of spaced helical surfaces coaxially
formed on said shaft; an abutment formed on
each surface and presenting a face substantially
parallel to the axis of said shaff and of a width
substantially equal to the pitch of said helical sur-
faces; & multi-turn spring fixed to said shaft and

defining a helical passageway of the same num- 3

ver of turns as said element extending between
said surfaces; a lug slidably mounted relative to
said shaft; a portion of said lug extending be-
tween adjacent turns of said spring; means for
holding said lug against rotational movement
with said spring as the shait is rotated to move
said contact along said element; the turns of
said spring as the latter rotates with said shaft
slidably moving said lug longitudinally of said
shaft, movement of said lug relative to the turns
of said spring coinciding with movement of said
contact relative to the turns of said element so
that said lug moves into engagement with one
or the other of said abutments as said contact
moves into a predetermined position at one end

or the other of said element, the spaced helical.

- surfaces ccoperating with said spring to move
said lug -a distang:e substantially egual to the
width of the faces of said abutment during the

revolubion of said shaft relatively moving said lug :
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through either of the outer turns of said passage-~

way.

14, A potentiometer of the type described,
comprising: a helical resistance element having
a preselected number of turns; a shaft coaxially

mounted for rotaticnal movement relative to said::

element; a contact carrier transversely mounted
to said shaft for rotational movement therewith
and longitudinal movement there along; a con-
tact mounted to said carrier and adapated to en-

gage said element; said carrier extending between::

adjacent turns of said element and reacting
therewith to move said contact along said resist-
ance element as said shaft is rotated; said shaft
being reduced in diameter to form an annular

groove therearcund; an abutment formed on each-

of the opposite side walls of said groove; said
side walls each defining a helical surface of a
pitch substantially equal fo the width of each
abutment, each surface leading to the abutment
formed thereon; a helical spring coaxially fixed
to said shaft and disposed within said groove to
extend between said abutments; said spring de-
fining a helical passageway having the same
number of turns as said resistance element; a
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lug slidably mounted relative to said shaft; a
portion of said lug exiending between adjacent
turns of said spring; means for hoiding said lug
against rotational movement with said spring as
the shaft is rotated to move said contact along
said element; the turns of said spring as the latter
rotates with said shaft slidably moving said lug
longitudinally of said shaft, movement of said lug
relative to the turns of said passageway coincid~
ing with movement of said contact relative to the
turns of said element so that said tug moves into
engagement with one or the other of said abut-
ments as said contact moves into a predetermined
position at one end or the other of said element,
the helical surface formed on each side wall of

said groove cooperating with said spring to move

said lug a distance substantially equal to the
width of the abutment during the revolution of
the shaft relatively moving said lug through
either of the outer turns of said passageway.

15. A potentiometer of the type described, com-
prising: a helical resistance element having a
preselected number of turns; a shaft coaxially
mounted for rotational movement relative to said
element; a contact carrvier transversely mounted
to said shaft for rotational movement therewith
and longitudinal movement therealong, said car-
rier extending between adjacent turns of said
element and reacting therewith to move said
contact along said resistance element as said shaft
is rotated: said shaft being reduced in diameter
to form an annular groove therearound; an abut-
ment formed on each of the opposite side walls
of said groove; a helical spring defining a helical
passageway of the same number of turns as said
element, said spring coaxially fixed to said shaft
and disposed within said groove to extend be-
tween said abutments; a lug slidably mounted
relative to said shaft; a portion of said lug ex-
tending between adjacent turns of said spring;
means for helding said lug against rotational
movement with said spring as the shaft is rotated
to move said contact along said element; the
turns of said spring as the latter rotates with said
shaft slidably moving said lug longitudinally of
said shaft, movement of said lug relative to the
turns of said passageway coinciding with move-
ment of said contact relative to the turns of said
element so that said lug moves into engagement
with one or the other of said abutments as said
contact moves into a predetermined position ab
one end or the other of said element.

16. An instrument of the type described, com-
prising: a shaft; means for mounting said shaft
for rotational movement about the longitudinal
axis thereof; means operatively connected to said
shaft and moved thereby as the same is rotated;
and means for limiting rotational movement of
said shaft to a predetermined number of revolu-
tions thereby preselectively limiting movement of
said last named means, said limiting means in-
cluding means on said shaft defining a helical
passageway having turns of the same number as

< said predetermined number, a member held

against rotation with said shaft and movable
longitudinally of the same, said member having
a portion thereof disposed within said passage-
way and relatively movable through one complete
turn thereof upon each complete revolution of
said shaft, and an abutment fixed to said shaft
and disposed at each end of said passageway,
movement of said member into engagement with
either one of said abutments by rotation of said
shaft holding said shaft against continued rota-
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tion in the direction producing movement of said
.member into engagement with an abutment.

17, An instrument of the type described, com-
prising: a shaft; means for mounting said shaft
for rotational movement about the longitudinal
axis thereof; means operatively connected to said
shaft and moved thereby as the same is rotated;
and means for limiting rotational movement of
said shaft to a predetermined number of revo-
lutions, thereby preselectively limiting movement
of said last named means between alternate limit
positions, said limiting means including a pair of
abutments longitudinally spaced apart on said
shaft, a helical spring surrounding said shaft be-
tween said abutments, said spring defining a heli-
cal passageway having turns of the same number
as said predetermined number, a lug mounted be-
tween the coils of said spring and movable through
the passageway defined thereby upon rotation of
said shaft and into engagement with one or the
other of said abutments depending upon the di-
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rection of rotation of said shaft, the helical pas~
sageway formed by said spring synchronizing
movement of said lug relative to said abutments
with movement of the means operatively con-
nected to said shaft, whereby said lug moves into
engagement with one or the other of said abut-
ments as said means is moved into one or the
other of its limit positions.

WILLIAM D. VAN DYKE.
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