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3,323,386
TWO-AXIS CONTROLLER .

Richard O. Musick, Robert R, Ballard, and William L.

Robertson, all of Lancaster, Calif., assignors fo t_he

United. States of America as represented by the Admin-

jstrator of the National Aeronautics and Space

Administration

Filed Aug, 2, 1965, Ser. No. %1_@,159
6 Claims. (Cl. 74—471

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

The present invention relates generally to control de-
vices wherein movement of a single member is translated
into corresponding movement of two or more other mem-
bers. More particularly, the invention relates to a control
device, more commonly termed a joystick mechanism, in
which displacement of a single manually operated con-
trol stick results in varying the output of two potentiom-
eters to deliver two control signals and thus provide dual
control in varying degrees from a single control move-
ment.

Joystick mechanisms have been widely used for con-
trolling the flight of experimental flight vehicles, drones,
guided missiles and any other vehicle or vehicle simula-
tor requiring two simultaneous control movements in
varying degrees from a single manual control movement.
These mechanisms usually include a control stick fixed
to a ball member mounted in a suitable support structure
such that movement of the control stick will result in
rotation of the ball member about its center. Rotation of
the ball about its center is translated through suitable cam,
gear and shaft arrangements to two or more gears or
variable resistance devices that in turn control the posi-
tion of, for example, the control surfaces of an aircraft.
These devices, while performing satisfactorily, have been
rather complicated and bulky mechanisms in that con-
siderable apparatus was necessary to translate the motion
of the ball member into movement of the control sur-
faces of an aircraft.

A control device constructed in accordance with the
present invention, as discussed hereinafter, aveids the
disadvantages of previous devices and provides a simple,
small and highly reliable control device. This is accom-
plished by mounting a control stick on a ball member
rotatably mounted in a support structure for rotation
about its center. The ball member has a plurality of slots
and a slideway formed therein. A slide member that in-
cludes a slot is slideably mounted in the slideway. The
slot formed in the slide member and one of the slots
formed in the ball member each receive a control shaft
of a potentiometer mounted in a suitable position in the
support structure. The output shaft of each potentiom-
eter can then be rotated to vary the output of the poten-
tiometer by rotation of the ball member about its center.
This construction permits a direct connection, of the poten-
tiometer control shafts to the ball member and thus re-
duces the complexity and size of the mechanism.

It is therefore a principal object of this invention to
provide a control device which is simple, more compact,
and more reliable than existing control devices.

Another object of this invention is to provide a control
device utilizing a pair of potentiometers whose control
shafts are directly coupled to and rotated by a rotatable
ball member.

Other objects and advantages of the present invention
will become more apparent by considering the detailed
description below in conjunction with the attached draw-
ing wherein:
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FIG. 1 is an exploded view of the two-axis controller.

FIG. 2 is a side elevation, in cross-section, of the two-
axis controller.

FIG. 3 is a view along lines 3—3 of FIG. 2.

FIG. 4 is a view of the ball member, partially in sec-
tion, removed from its support structure.

Referring now to FIG. 1 of the drawings, there is shown
a control device consisting of a cylindrical housing 10
in which a ball assembly 12 is rotatably mounted. Hous-
ing 10 consists of a first lower cylindrical portion 14 that
supports the ball member and a second cylindrical sec-
tion 16 mounted on section 14 by bolts, screws or any
other suitable means (not shown) to retain the ball mem-
ber in position. The upper end of housing 10 is closed
by a cover plate 18 having an aperture 20 formed there-
in and the lower end of housing 10 is closed by a cover
plate 22 having an aperture 24 in the center thereof.

Ball assembly 12 consists of a ball member 26, a con-
trol stick 28 fixed to the ball member and extending up-
wardly therefrom, and a ball positioning assembly 30 at-
tached between the lower end of ball member 26 and bot-
tom cover plate 22. The ball assembly also includes, as
more clearly shown in FIGS. 2 and 3, two arcuate slots
32 and 34 that occupy diametrically opposed positions in
the periphery of ball member 26. A third and larger slot
or slideway 36 is formed in the periphery of ball member
26 in a position intermediate the position of slots 32
and 34. A slide member 38 is mounted in slot 36 for
lateral sliding movement therewithin. Slide member 38
includes an arcuate slot 48 which is substantially identical
to slots 32 and 34. A bearing surface 42 is formed in sec-
tion 14 of housing 10 to support the ball member and a
bearing surface 44 is provided in section 16 of housing 10
to retain the ball member in position. The curvature of
bearing surfaces 42 and 44 is such that ball 26 will be re-
strained against any lateral or vertical displacement but is
easily rotated about its center. The bearing surfaces also
function to retain slideable element 38 in slideway 36.

Ball positioning assembly 30 consists of a rod 42 fixed
to the lower end of ball 26. Rod 42 has a spring 44 at-
tached thereto and this spring extends downwardly to a
point where it is attached to a second rod 46 extending
through opening 24 in bottom cover plate 22. The lower
end of rod 46 is threaded to receive a nut 48 which can be
tightened to tension spring 44. When ball member 26 is
rotated about its center rod 42 will be displaced and ten-
sion on spring 44 will be increased. When the force ap-
plied to ball 26 for rotation thereof is removed the spring
tension in spring 44 will automatically return ball 26 to
what is termed a neutral position wherein rod 42 is in a
vertical position.

Referring now to FIGS. 1 and 3, a pair of potenti-
ometers §0 and 52 are mounted in suitable recesses 51
and 53 in housing sections 14 and 16. Potentiometer 50
has a control shaft 54 extending therefrom and this con-
trol shaft extends through the housing and into arcuate
slot 32. The end 55 of control shaft 54 that extends into
slot 32 is squared off so that rotation of the ball member
in the direction indicated by arrow A will result in rota-
tion of the control shaft whereas rotation of the ball
member in the direction of arrow C will not rotate con-
trol shaft 54. Potentiometer 52 has a similar contrel shaft
56, having a squared off end 57, which extends into the
arcuate slot formed in slide member 38. Rotation of the
ball member in the direction indicated by arrow C will re-
sult in rotation of control shaft 56 whereas rotation of
the ball member in the direction indicated by arrow A
will not rotate the control shaft. It is necessary that slot
40 be movable with respect to the ball member or other-
wise there would be a binding between the ball member
and the two potentiometer shafts when the ball member
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was rotated. Since the slots are vertically oriented and
are positioned on a ball member, it is apparent that the
top and bottom portions of the slots are closer together
than are the middle portions thereof. Since the potenti-
ometer shafts are fixed, it is apparent that if the ball mem-
ber were rotated such that the control shafts were in the
upward end of the slots there would be interference there-
between if one of the slots were not moveable. A third
arcuate slot 34 is formed in the periphery of ball member
26 in a position such that it is diametrically opposed to
arcuate slot 32. This slot receives a guide pin 58 which
prevents torsional movements of the ball member about
its center.

It is apparent from a consideration of FIG. 3 that move-
ment of the control stick such that ball 26 is rotated in
the direction of arrow A will result only in rotation of
the control shaft of potentiometer 50. Likewise, rotation
of ball member 26, in the direction of arrow C, will re-
sult only in rotation of the control shaft of potentiometer
52, however, rotation of the ball member in the direction
of arrow B will result in rotation of control shafts of both
potentiometers and thus the output of both potentiometers
will be varied. Rotation of ball member 26 in some direc-
tion between that indicated by arrow B and C will result
in a considerable rotation of control shaft 56 and a lesser
amount of rotation of control shaft 54. Therefore, the
variation in a control signal from potentiometer 52 will
be considerably greater than the variation in the control
signal from potentiometer 58 due to the greater amount
of rotation of control shaft 56. Potentiometer 50 is con-
nected to and delivers a control signal to a control device
58 which could, for example, be a control surface of an
aircraft. Potentiometer 52 is likewise connected to and de-
livers a control signal to a second control device 60 which
could be a second control surface of an aircraft.

The operation, in summary, is rather simple and it is
apparent that movement of the control stick 28 along a
vertical or horizontal axis will rotate the control shaft of
only one of the two potentiometers whereas movement of
the control stick in any direction other than along the
horizontal and vertical axes will result in rotation of both
control shafts to a greater or lesser degree depending upon
the angle from the vertical or horizontal through which
the control stick is moved.

This completes the detailed description of the invention.
While a preferred exemplary embodiment has been dis-
closed herein, it will be obvious to one skilled in the art
to which this invention relates that many changes and
modifications thereto can be made without departing from
the spirit and scope of the invention, as defined in the
claims appended hereto.

What is claimed is:

1. A control device comprising:

(a) a support structure that includes a bearing surface;

(b) a ball member rotatably supported in said bearing
surface;

(c¢) resilient means connected between said support
structure and said ball member for biasing said ball
member to a neutral position;

(d) actuator means connected to said ball member for
rotating said ball member away from the neutral
position;

(e) an outwardly opening slot in said ball member;

(f) a slideway in said ball member;

(g) a slide member slideably mounted in said slide-
way, said slide member having an outwardly opening
slot therein;

(h) a first control mechanism connected to said sup-
port structure, said first confrol mechanism includ-
ing a control shaft which extends into the slot in said
ball member;

(i) a second control mechanism connected fo said sup-
port structure, said second control mechanism includ-
ing a control shaft which extends into the slot in said
slide member, whereby rotation of said ball member
will rotate the control shafts of said first and second,
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control mechanisms to determine the degree of con-
trol exerted thereby. )

2. A control device comprising:

(a) a support structure that includes a bearing surface;

(b) a ball member rotatably mounted on said bearing
surface;

(c) resilient means connected between said ball mem-
ber and said support structure for biasing said ball
member to a neutral position;

(d) actuator means fixed to said ball member for im-
parting a desired amount of rotation thereto;

(e) an outwardly opening slot in said ball member;

(f) a slideway in said ball member;

(g) a slide member slideably mounted in said slide-
way, said slide member having an outwardly open-
ing slot therein;

(h) a first control means mounted in said support struc-
ture whose output controls a first mechanism, said
first control means including a control shaft whose
angular position determines the output of said first
control means, said output shaft extending into the
slot in said ball member for rotation thereby when
said ball member is rotated;

(i) a second control means mounted in said support
structure whose output controls a second mecha-
nism, said second control means including a con-
trol shaft whose angular position determines the
output of said second control means and which ex-
tends into the slot in said slide member and is ro-
tated thereby when said ball member is rotated,
whereby, rotation of said ball member will control
the amount of control exerted by said first and
second control means on said first and second
mechanisms.

3. A control device for providing simultaneous dual
control movements from a single manually operated
control comprising:

(a) a housing having a bearing surface;

(b) a ball member rotatably mounted in said bearing
surface, said ball member having an upwardly ex-
tending control stick fixed thereto;

(c) a slot formed in said ball member;

(d) a slideway formed in said ball member;

(e) a slide member having an arcuate slot formed
therein slideably mounted in said slideway;

(f) a first control means mounted in said housing in
a position such that a control shaft extending there-
from will extend into said arcuate slot and be ro-
tated thereby when said ball member is rotated to
vary the output of said first control means and

(g) a second control means mounted in said housing
in a position such that a control shaft extending
therefrom will extend into the arcuate slot formed
in said slide member and be rotated thereby when
said ball member is rotated to vary the output of
said second control means.

4. A mechanism for providing simultaneous dual con-
trol movements from a single manual control movement,
said mechanism comprising:

(a) a housing having a socket formed therein;

(b) a ball member rotatably mounted in said socket,
said ball member having a control stick extending
therefrom, whereby movement of said control stick
will rotate said ball member about its center;

(c) an arcuate slot formed in said ball member;

(d) a rectangular slideway formed in said ball member;

(e) a slide member having an arcuate slot formed
therein slideably mounted in said rectangular slide-
way;

(f) a first potentiometer mounted in said housing, said
first potentiometer having a control shaft that ex-
tends through an opening in said housing and into
said arcuate slot in said ball member;

(g) a second potentiometer mounted in said bousing,
said second potentiometer having a control shaft
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that extends through an opening in said housing and
into the arcuate slot in said slide member, where-
by rotation of said ball member will rotate the con-
trol shafts of the potentiometers to vary the out-
puts thereof; and

(h) means connected between said ball means and
said housing for biasing said control stick to a neu-
tral position.

5. A two axis controller comprising:

(a) a support structure;

(b) a ball member rotatably mounted in said support
structure for rotation about its center;

(c) a control stick attached at one end to said ball
member whereby a force exerted on said control
stick will result in rotation of said ball member;

(d) resilient means connected between said support
structure and said ball member for maintaining said
ball member in a neutral position wherein said con-
trol stick is in a vertical and upwardly extending
position;

(e) a first outwardly opening arcuate slot formed in
said ball member that is vertically oriented when
said ball member is in the neutral position;

(f) a slideway formed in said ball member;

(g) a slide member slideably mounted in said slide-
way, said slide member having a second outwardly
opening arcuate slot formed therein that is ver-
tically oriented when said ball member is in the
neutral position;

(h) a first control means mounted in said support
structure that is operatively connected to a first
control surface for controlling the movement there-
of, said first control means including a first rotatable
control shaft whose angular position determines the
amount of control exerted by said first control means
on the first control surface, said first contro] shaft
extending through said support structure and into
said first arcuate slot;

(i) a second control means mounted in said support
structure that is operatively connected to a second
control surface for controlling the movement there-
of, said second control means including a second
control shaft whose angular position determines the
degree of control exerted by said second control
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means on the second control surface, said second
output shaft extending into said second arcuate slot
formed in said slide member.

6. A two-axis controller comprising:

(a) a support structure;

(b) a ball member rotatably mounted in said support
structure for rotation about its center;

(c) a control stick attached attached at one end thereof
to said ball member whereby movement of said
control stick will rotate said ball member about its
center;

(d) resilient means connected between said support
structure and said ball member for biasing said ball
member to a neutral position wherein said control
stick is in a vertical and upwardly extending position;

(e) two outwardly opening arcuate slots formed in
said ball member, said two slots being oriented ver-
tically when said ball member is in the neutral posi-
tion;

(f) a slideway formed in said ball member;

(g) a slide member having an outwardly opening and
vertically oriented arcnate slot slideably mounted
in said slideway, said two arcuate slots and said
arcuate slot in said slide member being spaced sub-
stantially 90° apart about the periphery of said ball
member;

(h) a first potentiometer supported in said support
structure, said first potentiometer including a con-
trol shaft which extends into one of said two ar-
cuate slots;

(i) a second potentiometer supported in said support
structure, said second potentiometer including a con-
trol shaft that extends into the arcuate slot formed
in said slide member;

(j) a guide pin mounted in said support structure that
extends into the other one of said two arcuate slots
to maintain the alignment of said ball member,
whereby rotation of said ball member will result
in rotation of said potentiometer control shafts to
vary the output of said potentiometers.

No references cited.

MILTON KAUFMAN, Primary Examiner.



