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57 ABSTRACT 

The stick of a joystick type control device is rigidly af 
fixed to a carrier plate that extends normal to it. The 
plate is gimbal mounted on a fixed base and has four 
reaction receiving elements equidistant from the stick 
axis, arranged two along each gimbal axis, at opposite 
sides of the stick. Four springs react, all in the same di 
rection, between the fixed base and the plate, one 
against each reaction receiving element. When the 
stick is in a normal position the springs exert equal 
forces. 

3 Claims, 5 Drawing Figures 
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JOYSTICK TYPE CONTROL DEVICE WITH 
DISPLACEMENT FEEL 

This invention relates to joystick type controls for 
cranes and similar machines, and is more specifically 
concerned with a swingable lever control device by 
which two variable inputs to a machine to be controlled 
can be simultaneously but independently regulated, 
and wherein the swingable lever is biased to a normal 
position in such a manner that a person manipulating 
it can readily detect, by feel, the amount and direction 
of its displacement about each of a pair of axes around 
which it can swing. 
The joystick type of control is perhaps best known in 

its application to airplanes, in which it had its earliest 
extensive use for effecting simultaneous but indepen 
dent control of elevators and ailerons; but because of 
the natural and self-explanatory action that it has, it is 
coming into increasing use for control of other ma 
chines. Thus a joystick or swinging lever control may 
be provided for the operator of a crane, so that he can 
regulate lifting and lowering by moving the stick fore 
and-aft and can control lateral swinging of the crane 
boom by moving the stick from side to side. 

In an airplane a joystick gives the pilot definite infor 
mation about its position and effect solely by feel, inas 
much as air loads on the ailerons and elevators feed 
back forces that yieldingly resist motion of the stick out 
of a neutral position, and the magnitude of the force 
component in each direction corresponds, generally 
speaking, to the amount of displacement of the stick in 
that direction. However, where a joystick type of con 
trol lever is connected with variable input producing 
means such as a rheostat or a hydraulic control valve, 
there is no such inherent feedback to the control lever, 
and either the stick must be urged to a normal or neu 
tral position by some sort of biasing means not in a 
feedback loop, or the operator of the machine must vi 
sually determine the position of the stick from time to 
time. Visual determination of stick position is particu 
larly unsatisfactory in the case of a machine such as a 
crane, where the operator must constantly keep his 
eyes on a zone remote from his station in the interests 
of safe and efficient operation. 
Heretofore the swinging levers of joystick type con 

trols for cranes and similar machines have not had a 
satisfactory feel from which an operator could detect 
the exact amount of displacement of the lever about 
each of its axes. Operators of such machines therefore 
required long periods of training and experience before 
they could operate them skillfully, and not all persons 
were able to achieve a high degree of skill in their oper 
ation. 

In one attempt to overcome this deficiency in prior 
joystick type control devices, track-like guide members 
that embraced the lever and were formed as brackets 
were mounted to swing about the axes around which 
the lever was swingable. At least in certain embodi 
ments, this prior expedient had the disadvantage that 
the lever could not be displaced from its normal posi 
tion simultaneously about both of its axes of swinging 
motion, so that all operations of the machine had to be 
performed sequentially, with an inevitable loss of effi 
ciency and some compromise with safety. Another seri 
ous disadvantage of all such prior guide track arrange 
ments was that both the lever and the tracks would 

2 
wear down with continued use, with the result that the 
accuracy of the control system gradually decreased. 
By contrast with these prior expedients, the present 

invention has for its general object the provision of a 
5 joystick, type of control device that provides a definite 

feel from which a person manipulating the lever of the 
device can know, without looking at it, the exact 
amount and direction of displacement of the lever from 
its normal position about each of its axes of swinging 
motion, and by which those axes are effectively defined 
for him. 

It will be apparent that it is also an object of this in 
vention to provide a control input device comprising a 
single manually manipulatable control member by 
which two variable inputs to a machine to be controlled 
can be simultaneously but independently governed, 
which device operates in a natural and self-explanatory 
manner and has a feel such that an untrained person 
can quickly acquire a high degree of skill in using it to 
control the machine on which it is installed. 

It is also an object of this invention to provide a con 
trol device of the character described which has no 
rails, guides or similar parts that tend to wear with use, 
and which is simple, inexpensive and easily maintained. 
With these observations and objectives in mind, the 

manner in which the invention achieves its purpose will 
be appreciated from the following description and the 
accompanying drawings, which exemplify the inven 
tion, it being understood that changes may be made in 
the specific apparatus disclosed herein without depart 
ing from the essentials of the invention set forth in the 
appended claims. 
The accompanying drawings illustrate one complete 

example of an embodiment of the invention con 
structed according to the best mode so far devised for 
the practical application of the principles thereof, and 
in which: 

FIG. 1 is a perspective view of a control device em 
bodying the principles of this invention; 
FIG. 2 is a sectional view taken on the plane of the 

line II-II in FIG. 1; 
FIG. 3 is a more or less diagrammatic view showing 

the control lever or stick of the device of this invention 
displaced from its normal position about only one of its 
two axes of swinging motion and illustrating the force 
that is required to effect such displacement of it; 
FIG. 4 is a view similar to FIG. 3, but illustrating the 

control lever displaced about both of its axes from its 
normal position; and 
FIG. 5 is a diagram illustrating the relationship be 

tween the force which is required to displace the con 
trol lever and the direction in which the lever is swung. 
Referring now to the accompanying drawings, the 

numeral 1 designates a joystick type control device em 
bodying the principles of this invention, having a lever 
or stick 2 which is adapted to maintain a normal posi 
tion, in which it is illustrated in FIG. 1, and which can 
be manually swung away from that normal position in 
any direction in accordance with requirements for gov 
erning a machine that the device controls. The lever 2 
is rigidly secured to the center of a plate-like carrier 3 
which has its top and bottom surfaces normal to the 
axis of the lever. 
The carrier 3, as hereinafter explained, is swingably 

mounted on a fixed base of the device that comprises 
a bottom plate 23 and an inverted U-shaped or chan 
nel-like frame member 8. The legs 12 and 13 of the U 
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shaped frame 8 are secured to and project up from op 
posite marginal portions of the bottom plate 23, and 
the web portion 14 of the frame is parallel to and 
spaced above the bottom plate. The carrier 3 is dis 
posed between the upright legs of the frame 8, and be 
tween the bottom plate 23 and the web portion 14 of 
the frame. 
To provide for swinging motion of the carrier, and 

hence of the lever 2, the carrier has a gimbal connec 
tion with the base, comprising a ring 4 which surrounds 
the carrier with some clearance, a coaxial pair of piv 
otal connections 9 and 10 by which the ring is swing 
ably supported on the base, and another coaxial pair of 
pivotal connections 5 and 6 by which the carrier is 
swingably supported on the ring. Both the carrier 3 and 
the ring 4 are here shown as square, but they could as 
well be circular, or of any other suitable shape. 
The pivotal connections 9 and 10 between the ring 

and the base extend through the legs 12 and 13 of the 
inverted U-shaped frame member 8, substantially at the 
centers of those legs, and the pivotaxis 11 that they de 
fine extends parallel to the bottom plate 23. The pivot 
connections 5 and 6, between the carrier 3 and the ring 
4, define an axis 7 that is normal to and intersects the 
pivot axis 11. Both axes 7 and 11 intersect the axis of 
the lever 2 and are normal to it. 
The lever 2 projects up from the carrier 3 through a 

hole 15 in the web portion 14 of the U-shaped frame 
8. The diameter of the hole 15 is of course substantially 
larger than that of the lever, and that hole defines the 
limits of swinging motion of the lever and thus of the 
carrier about the two coordinate axes 7 and 11 of the 
gimbal connection. In its normal position, illustrated in 
FIGS. 1 and 2, the lever is vertical and is centered in 
the hote 15. 
To keep dirt and other articles from falling through 

the hole 15, a bellows-like cover 16 is secured to the 
stick and to the upper surface of the web 14 all around 
the hole. 
Any movement of the lever or stick 2 must of course 

result in change of a variable input to a machine to be 
controlled. To that end, the pivot connection 10 com 
prises a pin 17 which is fixed to the ring 4 for rotation 
therewith and which extends through the leg 12 of the 
U-shaped frame. Secured to the outer end of that pin 
is the movable element 18 of an input control device 19 
that has its fixed portion 20 secured to the base of the 
device. While the control device 19 could be a valve or 
the like, it is here illustrated as a potentiometer having 
a slider as its movable element 18 and having its sta 
tionary element connected by means of conductors 21, 
22 to an associated control device (not shown), which 
can comprise, for example, an electro-hydraulic trans 
former. It will be understood that the pivotal connec 
tion 6 between the ring 4 and the carrier 3 is generally 
similar to that just described and that it provides for ac 
tuation of another similar control input device that has 
its movable element constrained to motion with the 
carrier 3 and has its stationary element fixed to the ring 
4. Thus, rocking of the lever 2 about the axis 11 effects 
variation of one input to a machine to be controlled, 
while rocking of that lever about the axis 7 effects vari 
ation of another such input, and the two inputs can be 
controlled simultaneously but independently. 
Reacting between the carrier 3 and the base of the 

device is a group of four biasing members, each com 
prising a compression spring 36 and a rod 29. These co 
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4 
operate to urge the ever 2 towards its normal position 
in such a manner that a person manipulating the lever 
is informed by feel of the amount by which he has dis 
placed it about each axis from its normal position. The 
compression springs 36 are accommodated in a hous 
ing 24 which is secured to the underside of the bottom 
plate 23 and in which there is a block having four up 
right bores 25, one for each spring. Assuming that the 
lever 2 is in its normal position, normal to the bottom 
plate 23, the axes of the bores 25 are all parallel to and 
equidistant from the axis of the lever, and each of said 
bore axes intersects one of the swinging axes 7 or 11. 
Thus the bores 25 can be regarded as arranged in pairs, 
with each pair of bores disposed along one of the axes 
7 or 11 and with the bores of each pair spaced to oppo 
site sides of the lever axis. 
Each of the compression springs 36 is confined in one 

of the bores 25, and the bore thus defines the location 
of the spring and the direction in which its biasing force 
is exerted. There are four holes 30 in the bottom plate 
23, each concentric with one of the bores 25 and each 
somewhat smaller in diameter than its bore, and 
through these holes 30 extend the rods 29 that connect 
the springs 36 with the carrier 3 to impose the biasing 
forces of the springs upon the carrier. 
At its underside the carrier 3 has four generally coni 

cal wells or sockets 31, in each of which the upper end 
portion of one of the rods 29 is engageable. These wells 
or sockets thus comprise reaction receiving elements 
on the carrier. With the lever 2 in its normal position, 
these wells or sockets are centered on the axes of the 
bores 25, and their bottoms are concavely rounded to 
fit the generally hemispherical upper end portions of 
the rods 29. 
Each of the rods 29 extends a substantial distance 

down into its bore 25, and its lower end portion is 
threaded to accommodate a correspondingly threaded 
stop nut 33 and jam nut 34. The body portion of the 
stop nut 33 has a diameter to be guidingly received 
within the upper coils of its spring 36, and it has a cir 
cumferential flange 32 around its top that seats on the 
top coil of its spring. The jam nut 34 is of course tight 
ened against the underside of the stop nut 33 to prevent 
undesired rotation of the latter. 
The four springs 36 all have the same load response 

characteristics, and the stop nuts 33 are so adjusted 
along the rods 29 that with the lever 2 in its normal po 
sition all four springs exert equal upward forces P. 
upon the carrier 3 through the rods. To provide for 
such adjustment of the stop nuts, each of the rods. 29 
has a screw driver cross-slot across its bottom end, ac 
cessible through a hole 37 in the bottom wall 35 of the 
housing 24, and each stop nut has a radially opening 
hole 32a in its flange portion, accessible through a hole 
38 in the side wall of the housing. 

It will be apparent that when the stop nuts 33 are 
properly adjusted, the springs 36 tend to maintain the 
lever in its normal position, inasmuch as the equal bias 
ing forces then exerted by the springs, which are all im 
posed upon the carrier in the same direction, are in bal 
ance with one another about the axes 7 and 11. It will 
also be apparent that when the carrier 3 is tilted, due 
to rocking of the lever 2, the very small lateral motion 
component of the upper end portions of the rods 29 is 
accommodated by a very slight swinging or tilting of 
the rods, made possible by flexing of the springs 36 and 



3,744,335 
S 

accommodated by the connections between the rods 
and the wells 31 in the carrier. 
When the lever is rocked, a force P. must be applied 

to it to overcome the biasing force of one or more of 
the springs. If the lever is moved in one of the vertical 
planes 27 or 28 that lie on the respective axes 7 and 11, 
so that it is swung only about the other axis 11 or 7, 
only one of the springs 36 is compressed. However, if 
the lever is moved in any other direction, two springs 
are compressed, and a larger force P is required to ef 
fect such displacement of the lever. The variation of 
displacing force required to effect displacement of the 
lever in any particular direction is diagrammatically ill 
lustrated in FIG. 5. If the force required to move the 
lever in one of the planes 27 or 28 is taken as unity, 
then the force required to swing it to an angle of 45° 
relative to those planes will be equal to V 2, or 1.414. 
This force relationship identifies the axes 7 and 11 to 
the operator and enables him to detect by feel any de 
parture from swinging motion of the lever solely about 
one of those axes. 
From the foregoing description taken with the ac 

companying drawings it will be apparent that this in 
vention provides a joystick type control device by 
which an operator can simultaneously but indepen 
dently regulate two variable inputs to a machine to be 
controlled and which enables him to readily determine 
solely by feel the amount of each input that he is com 
manding by his manipulation of the lever or stick of the 
control device. 
Those skilled in the art will appreciate that the inven 

tion can be embodied in forms other than as herein dis 
closed for purposes of illustration. 
The invention is defined by the following claims: 
1. In a control device comprising a lever that is manu 

ally swingable from a defined normal position about ei 
ther or both of two fixed axes that are perpendicular to 
one another and the lever, and by manipulation of 
which lever an operator can simultaneously but inde 
pendently regulate two variable inputs to a machine to 
be controlled, said control device further comprising 
means for regulating one of said inputs in correspon 
dence with displacement of the lever from its normal 
position about one of said axes and means for regulat 
ing the other of said inputs in correspondence with dis 
placement of the lever from its normal position about 
the other of said axes, 
means by which the lever is supported for its swinging 
motion, is biased towards its normal position, and 
is provided with a feel that enables a person manip 
ulating it to detect the amount and direction of its 
displacement from its normal position about each 
of said axes, the last mentioned means comprising: 
A. carrier means rigidly secured to the lever, 
B. a fixed base; 
C. gimbal means connected between the fixed base 
and the carrier means to support the latter for 
swinging motion, said gimbal means having pivot 
means that respectively define said two axes; 

D. four reaction receiving surfaces on the carrier 
means disposed in a plane normal to the lever 
and equispaced from the lever, said surfaces 
being located to opposite sides of the lever along 
each of said axes; and 

E. four biasing members, one for each of said reac 
tion receiving surfaces on the carrier means, 
each reacting between the fixed base and its sur 
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6 
faces, said biasing members all having like bias 
ing characteristics and exerting equal biasing 
forces upon the carrier means when the lever is 
in its normal position, and all exerting their bias 
ing forces in one direction normal to said plane. 

2. The control device of claim 1, further character 
ized by: 
A. each of said reaction receiving surfaces on the car 

rier means defining a concave socket that opens to 
ward the base; 

B. said base having four wells therein, each opening 
toward the carrier means and located to have its 
axis concentric with one of said sockets when the 
lever is in its normal position; and 

C. each of said biasing members comprising 
1. a compression spring confined in one of said 
wells in the base, and 

2. a rigid thrust transmitting member having one 
end engaged in one of said sockets and having its 
other end engaging the end of its spring that is 
proximal to the carrier means so as to transmit 
biasing forces between the spring and the carrier 
63S 

3. A control device comprising a lever that is manu 
ally swingable to and from a defined normal position 
about either or both of two fixed axes that are perpen 
dicular to one another and the lever, and by manipula 
tion of which lever an operator can simultaneously but 
independently regulate two variable inputs to a ma 
chine to be controlled, said control device comprising: 
A. means providing a fixed base; 
B. a gimbal ring; 
C. pivot means connected between the base and the 
gimbal ring to mount the gimbal ring for swiveling 
motion relative to the base about one of said axes; 

D. a carrier to which the lever is rigidly secured and 
which has surface portions disposed generally in a 
plane normal to the lever; 

E. other pivot means connected between the gimbal 
ring and the carrier to mount the latter for swivel 
ing motion relative to the gimbal ring about the 
other of said axes as well as for swiveling with the 
gimbal ring about said one axis; 

F. first variable output means connected between the 
base and the gimbal ring for producing a first out 
put that depends upon the angular position of the 
gimbal ring relative to the base; 

G. second variable output means connected between 
the carrier and the gimbal ring for producing a sec 
ond output that depends upon the angular position 
of the carrier relative to the gimbal ring; 

H. said surface portions on the carrier, comprising 
two pairs of reaction receiving surfaces, one pair 
for each axis, the pair of surfaces for each axis 
being centered therealong at opposite sides of the 
lever and equidistant therefrom and both being on 
the same surface portion of the carrier; 

I. two pairs of biasing members, one of said biasing 
members being connected with each of said reac 
tion receiving surfaces and each comprising a 
spring which also reacts against the base, the bias 
ing members of each pair having substantially iden 
tical biasing characteristics and both imposing 
upon the carrier forces which are in the same direc 
tion generally parallel to the lever and which are in 
balance when the lever is in its normal position. 
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