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(57) Abrége/Abstract:

A control system for an active hand controller, for example, uses a control stick connected to and controlled by a motor.
Electronics are provided to control the motor to eliminate oscillations due to motor torgue and high gain due to breakout at the
control stick when the control stick Is at about its null position. Both hardware as well as software implementations can provide
position dependent dampening to the control sticks such that when the control stick is located about a null position, a higher rate
of dampening Is provided than when the control stick Is located outside the null position, when a lower rate of dampening Is
provided. The system provides a stable active hand controller control stick without degraded force and feel characteristics of the
system.
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(87) Abstract

A control system for an active hand controller, for example, uses a control stick connected to and controlled by a motor. Electronics
are provided to control the motor to eliminate oscillations due to motor torque and high gain due to breakout at the control stick when the
control stick is at about its null position. Both hardware as well as software implementations can provide position dependent dampening
to the control sticks such that when the control stick is located about a null position, a higher rate of dampening is provided than when the

control stick is located outside the null position, when a lower rate of dampening is provided. The system provides a stable active hand
{ controller control stick without degraded force and feel characteristics of the system.




10

15

20

CA 02148481 2001-06-01

~64159-1408

1

POSITION DEPENDENT RATE DAMPENING IN AN ACTIVE HAND CONTROLLER

D PATENTS

=1

CROSS REFERENCE TO RELAT:

This application is related to United States Patent

5,291,115 and United States Patent 5,264,768.

BACKGROUND OF THE INVENTION

This invention is related to an active hand control
system of the type wherein manual control input devices such as
control sticks employed in a servo-coupled control system are
provided with an electrically generated and controlled

simulated variable rate feel. In particular, the invention

relates to a system having a control stick such as is employed

in aircraft, which is servo-coupled to the control system of

the aircraft through electronics and a motor mechanism.

p—
masd

B

The electronics and motor mechanism of these types or

systems provide a simulated feel to the control stick when 1in

operation which is similar to that of a purely mechanical

system. Yet more specifically, in these types of systems when

the control stick thereof is positioned near a null or center

position, it begins to oscillate due to the high gain in the

torgue versus position curve used to achieve breakout forces by

the motor which is driving and is in turn driven by the control
stick, as well as oscillations caused by gear backlash at

connection of the control stick to the motor. The system
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in accordance with the invention eliminates such oscillations
at about the null position for the control stick without
degrading the force and feel characteristics of the control
stick. .

servo-control technology is well developed as applied in

the field of robotics. 1In particular, electrical motor and

capable of reflecting forces eXperlenced at the robotic end,
hback to, for example,_a human operator. |

one example of the type of control system to which the
present invention is directed is disclosed in U.S. Patent No.
4,150,803 which teaches a control stick for an operator having
an electro-SLmulated Varlable rate feel. The simulated feel
of the device of U.S. pPatent No. 4,150,803 is provided by a

a boom employed durlng rafuellng operatlons between aircraft
in fllght. '
 These types of controllers generally involve the use oI
a control stick Wthh 1s actuatable in at least two mutually
perpendlcular planes to provn.de both vertical and lateral
control of the deV1ce belng controlled - An example of such
a control stick is shown in U.S. Patent No. 3,270,260, 1in
which the control Sthk of the dev1ce has electrical pickup
means xn.plate;form4 for example, capacxtance bridge circuits
arranged 1in ‘a symmetrical arrangement such that a force
;-.exerted on the Sthk having a sy'mmetrlcal arrangement of

cxrcults unbalances “them and produces a signal which 1is
proportional to the force belng exerted on the stick. The

signals generated by ‘the electrical pickups are used to

,ugenerate.output.slgnalsthrough.approprlate electronics, with
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the electronics being used to command a control actuator to
effect cuntrol of.the device being controlled.

Typically, in these systems the control stick 1is
mechanlcally ~oupled at its axis to at least one motor which
applies eithe a resisting force on the control stick or, 1n
response to a signal produced by sensors that detect forces
applied to the dev1ce surfaces being controlled, drives the
control stick and in turn, drives the device being controlled
to alleviate forces generated by the device under control as
felt by the operator.

' These types of controllers are particularly desirable for
use in the operatlon of modern day aircraft, in particular, in
the form of control', sticks or .yokes. In operation, the
devices as used in the cockpit of aircraft are typically
designed to exhibit some desired ‘foroe “versus displacement
characteristics to “the user whereby the magnitude of the
control stick. displacement is proportional to <the force
applied. The c0ntroller'produces as its output an electrical
SLgnal correspondlng to the control stlck position, and the
signal is used to control the alrcraft through the action of
various motors and mecham.cal.means, J.n a manner which is well
known to those of ordinary Sklll in the art and is
conventional.  Thus, in use such systems provide an
electronically controlied manual lnput control stick having
force and feel characteristics 1like those of purely
mechanically lihked'Systems.; Theee applications in aircraft
are typically referred to as "fly by wire! applications.
Examples of presently existing appllcatlons of this technology
are the systems employed. in the Airbus A300 Transport
Alrcraft the General Dynamlcs 'F16 Fighter aircraft and the
NASA Space Shuttle. o

In the past, in order to enhance or improve the force and
feel characteristics of such simulated feel control sticks,



O6-26-01

10

15

20

30

09 : 39
ID=613 232 8448

64159-1408

4

controller electronics were emploved in combination with
sensors for detecting the position of the control stick. A
signal. was generated and processed by controller electronics to
drive a motor which in turn drove the control stick to simulate
the feel of a mechanilical system. Such controller electronics
also included input from the system being controlled such as,
for example, an aute pileot system or reflecting any external
forces acting on the flight control surfaces of the aircraft
which would, as a result of feedback and input from the
surfaces, be input into the controller electronics to be
reflected through the motor connected to the control stick at

The user.

The use of a feedback loop in which the position of
the control stick 1s detected and a signal resulting therefrom
is processed by controller electronics to result 1n control of
a motor to which the contrel stick 1s connected to achileve
force and feel characteristics typical of a mechanical system
18 known. In accordance with one improvement as disclosed in
above-mentioned U.S., Patent No. 5,264,768, 1t 1s recognlized
that the detection of the position ¢©of the control stick fails
to fully achieve the desired force and feel characteristics
typical of mechanical systems. It is taught in U.S. 5,264,768
thal < mechanlcal system cap be more fully simulated by also

detecting the amount of force being exerted on the control

stick, and processing both the position as well as the force
signal by controller electronics. This is done to generate a
control signal for the motor to which the control stick 1is
connected which reflects both force and position as part of the
feedback loop. By reflecting force in the loop, the effects of
external operational non-linearities resulting from the
electro-mechanical connections of the manual control stick are

eliminated.

CA 02148481 2001-06-26
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Notwithstanding the improvement disclosed in U.S.
5,204,768, when the control stick of such a system is located
about 1ts null position, a fairly large motor torgue causes the
hand controllear to oscillate at null unless the position signal
15 exactly at zero when fed to the feedback loop which
processes such a slignal through the controller electronics.
Traditionally, the oscillations at null have been corrected by

providing a conventional rate dampening signal manipulation

which adds stability to the control loop. However, the impact
of providing significant rate dampling 1s a degraded transient
response. More particularly, excessive rate dampening, in
accordance with the prior art in an active hand controller,
makes the hand controller feel viscous. The invention

addresses the problems of providing such rate dampening with a

degraded transient response,

SUMMARY QF THE INVENTION

In accordance with the invention, it 1s recognized

that the amount of rate dampening required to stabilize a

manual input control means, i1i.e., a control stick, controlled
by servo-control loop at about the null position, exXceeds that
needed at other positions due to the high gain in the torque
versus position curve of a motor to which such a control stack
is connected to achieve breakout forces. Other causes of such
oscillation include resultant gear backlash in operation 1in the

interconnection between the motor and the manual input control

means .

CA 02148481 2001-06-26
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In accordance with one aspect, the invention 1s directed
to an improvement 1n an active hand controller system which
has manual 1input control means,. i.e., a control stick,
connected to a motor. The motor serves to provide
predetermined force and feel characteristics to the manual

input control means to be reflected at a user. The motor 1is

~onnected to control electronics, 1.e., a feedback loop, for

well as at the system being controlled, for example, at 1its
flight control surfeCes. ' '

In accordance with the invention, selective rate
dampening means is provided and serves to provide a signal
representing a higher amount of rate dampening to the control
electronlcs means for generatlng a control signal which
dampens the oscxllatlons . occurring as a result of the

manual J.nput control means when the manual input control 1is at
about its null pOSltlon. The selectlve rate dampening means
provn.des a signal J,ndlcat:we of lesser rate dampening when the
manual input control means is positioned at a location other
than about its null p051t10n, Thereby the system's stability
is enhanced w:;.thout degradlng the predetermn.ned force and feel

characterlstlcs thereof |
For purposes of thlS dlsclosure, it is noted that by "at

about 1its null p051t10n" is meant the position of the manual
input control means wherein oscillations occur as a result of,
for example, the high galn in the torgue versus position curve
of the motor to whlch it is connected ‘£o achieve breakout
forces as well as from oscn..llatlons caused by gear backlash at
the connection to the motor, nabout null” means typically
less than about two (2) percent of.full.dlsplacement of the

control stick.
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In a yet more specific aspect, the selective” rate
dampening means in accordance with the invention comprises a
switch movable between a first position and a second position
which is controlled by a comparator connected to the manual
input control means thrcugh position detecting means. The
position detecting means detects the position of the manual
input control means and generates a signal representative of

the position for controlling the switch to be in the 'second
position to provide a relatively high gain level signal to the

controller electronics means when the manual input control

means is at about its null position to increase rate dampening
thereof. The switch is arranged to be in the first position
to provide a relatively low gain signal to the controller
electronics means to prcvide re1atively'lower rate dampening
when the control stick is'not'at about the null position.

- In a yet still more specific aspect, the invention also
includes differentiating' means operating on the position
signal whlch represents the posn.t:.cn of the manual 1input
control means, 1l.e., control stick, to generate a signal

representative of veloc1ty of movement of the manual control
input control means.  ‘The dlfferentlatlng means is connected
in a manner wherein the pos:.tn.cn 51gna1 detected and the
velocity signal generated are each supplled separately to the
select:z.ve rate dampenlng means tc be factored into the control
of the swltch between the f:.rst and second positions to
determine whether a h:t.gher or lower rate dampenlng is desired
in response to the position of the control stick.

In another aspect the selective r=~e dampening means in
accordance with the lnventlon comprls~ a digital computer.
The computer, by operata.ng scftware in accordance with the
detected position N of the menual input control means,
calculates and generates a sz.gnal of relatively high gain when
the manual input control is at about its null position to
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increase rate dampening thereof. When the detected position
is outside about the null position, the signal generated Dy
the software 1s of relatively lower gain.
In yet another aspect, the invention consists of a method
5 of dampening oscillations in an active hand controller system
having manual input control means, i.e., a control stick. The
manual input control means is connected to a motor which
‘causes the oscillations to occur in response to feedback
signals controlllng the motor when the manual input control
10 means is at about its null p051tlon.. In accordance with the
method it is first determined whether the manual input control
means is in one of a_first.position about null or a second
position outside of about null. If the manual input control
neans is at about null, the position signal feedback to the
15 motor is more highly dampened than if outside about null.
vet still other details of the invention will become

apparent from a reading of this specification.

20  BRIEF DESCRIPTION OF THE DRAWINGS

Ha.v;ing brie.f ly described the invention, the same will
become better understood from the following detailed .
discussion made wlth reference to the accompanying drawings

25 . wherein: .
FIGURE 1 is a block diagram illustrating the active hand

controller system . electronics in accordance with the
invention, and further showing the means for providing the
'relatlvely selectlve hlgher dampening for the control stick

30 when the control Sthk is at about the null position;
FIGURE 2 1s a graph J.llustratlng the force versus

displacement nonwllnearltles occurring on the control stick at

different positlons thereof including additional non-
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linearities of the type which occur, for example, at. such

locations as are conventionally known as "soft stop";
FTGURE 3 is a more detailed diagram illustrating the

details of the block employed in the circuit diagram of FICGCURE

1. to show how selectlve rate dampening 1is provided to control

the motor connected to the control stick of the invention;
FIGURE 4 1s a block dlagram illustrating an alternate

embodiment of +the active hand controller system of the
invention as modlfled to 1mplement the software illustrated in

the flowchart of FIGURE 5j and
FTGURE 5 is a general flowchart diagram illustrating the

position dependent rate dampening of the invention provided as

a software version of a component of an endless control loop

to provide rate dampening as a function of position.

DETAILED DISCUSSION

In FIGURE 1 there 1is disclosed a Dblock diagram
illustrating the ‘selectible rate dampening circuit in
accordance with the 1nventlon. A control stick 11 with a hand

grip thereon has an external force 13 applied thereto by a
user, for example,_a pilot. The control stick 11 1is connected

+to the motor 19 which prova.des certain force and feel

characteristics back to the control stlck 11 to simulate a

conventional mechanical system. The control stick 11 is
connected through a gearhead 17 to the motor 19, and also has
a force sensor 15 connected to the control. stick 11 for
detecting the magnltude of the force 13 applied to the control
stick 11. A resolver 23 which is back-driven by the gearhead
17 as an operator moves +he control stick 11, is used TO
provide the motor 19 YOtor pOSltlon for <the purpose of
commutating the motor 19. Additionally, a command signal
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corresponding to the movement of the control stick 11 1s
provided by the resolver 23 to the system being controlled
through line 25. With respect to the position signal
generated by resolver 23 which is indicative of control stick
5 11 position, as well as the signal generated by force sensor
15 indicative of any force applied to control stick 11, these
signals are fed back 1into a control loop to be processed Dy
controller electronics 73 to output a signal through line 75
to control the motor 19 torgque to thereby provide appropriate
10 force and feel characteristics to the control stick 11.

A problem with these types of hand controllers 1s that
when the control stick 11 is located about its null or zero
position, the control stick 11 begins to oscillate due to
torque generated- by the motor 19. Traditionally, such

15 oscillations have been controlled by providing rate dampening
in the control system for the motor 19. Such rate dampening
enhances stability of the control stick but at the high cost
of degraded transient response. Excessive rate dampening 1in
an active controller makes the hand controller feel viscous 1in

20 an undesirable manner.

'In accordance ‘with the inventlion and the circuit
illustrated in FIGURE 1, rate dampening is provided at a very
high gain only when the control stick 11 is located within a
small region about -the center. positio.n. Thus, some stability

25 is provided without,degradinq the overall feel in use of the
control stick 1l. -

The reason for providing the higher rate dampening about

30 control stick 11 displacement is much greater than at other

positions. This is caused by hlqh position loop gain in the
torgue versus pos;tlon curve shown in FIGURE 2 for the motor

19, as well as because of other characteristics of operation,
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such as gear backlash at the interconnection between the

control stick 11 through the gearhead 17 to the motor 16.

In the embodiment of FIGURE 1, the force sensor 15
detects the force exerted on control stick 11 and provides a
signal indicative of the force applied through line 65. The

signal 65 from the force sensor 15 is conditioned and scaled to

create a high level (%5 or *10V) bipolar analog signal 69 that
changes linearly with force applied at the control stick 11.
For example, a strain gauge type force sensor typically has an
ocutput signal of £5 mV which is highly susceptible to noise.
Another example of a force sensor for use in the invention is a
force sensor with a modulated AC output dependent on force.

The conditioning and scaling electronics 67 transforms the
force sensor output 65 i1into a usable force signal 69. The
force signal is provided through line 69 to controller
electronics 73 1n a manner as disclosed in above-mentioned U.S.
Patent No. 5,264,768. Likewise, the feedback loop for the
position of the c¢ontrol stick 11 on the upper half of FIG. 1 1is
similar to that of U.S. 5,264,768 with the exception that the
position signal generated by the resolver 23 through line 27 is
passed through l1line 29 to differentiating block 37 to have the
derivative of said signal taken therein. The derivative is
done, for example, by monitoring the rate at which the
resolver—-to-digital converter increments its digital output up
or down, to result in a velocity signal which i1is passed through

line 39 to position dependent scaling block 41.

In the position dependent scaling block 41, the
velocity signal 39 i1s scaled according tc the position of the
control stick 11 as indicated by the position signal 47. For
example at about null, the position dependent scaling block 41

amplifies the rate signal 39 by a factor several times greater

CA 02148481 2001-06-26
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+rhan the scale factor at other positions. This could Dbe

accomplished by any number of different methods. One such

method would be by the circult shown in FIGURE 3. At about

null the switch at 105 remains open thereby increasing the

5 gain of the rate signal 33. At other positions the switch

remains closed. Similarly this function can be accomplished

by software as described with reference to FIGUREL 5 discussed

hereinafter.

The resolver 23 produces a modulated ac output signal 31

10 which must be demodulated in signal conditioning block 43 1in

order to produce a usable control signal in a control systemn.

Typically, a resolver-to-digital converter 1s used as signal

conditionlng block 43 to transform the resolver output to a

dlgital-or binary,representation of position. This digital

15 representation of positionis'then converted to a high level

analog signal 45 by a digital-to-analog converter chip also in

signal conditioning block 43. The resulting position signal

45 is passed through line 47 to be operated on along with the

velocity signal in pOSlthn dependent scaling block 41. The

20 operatlon 1n _p051t1.0n dependent scaling block 41 will be

' discussed in greater detail herein with the reference to

FIGURE 3. The reSultant Signal from block 41 is then passed.

through.line 61 to summing device 63. This signal from block

41 serves to have the COntrollerelectrOnics 73 provide elther

25 a high' or a low gain dampening signal through line 75 to motor

' 19 depending upon whether the control stick 11 is at or about
its null position, or outside of 1ts null position.

As also illustrated in FIGURE 1, the position signal is

also'passéd thrbugh line'49 into scaling block 51 and after

30 scaling 1in a conventional manner is passed through line 59

into summing deV102163, The posztion signal is also passed
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generation block 55 and passed through line 57 in summing
device 63 from where the combined signals are passed through
llne 71 into controller electronics 73 to provide the
approprlate control signal to motor 19.

As illustrated in FIGURE 3, the amount of dampening

of the signal resulting fromrposition dependent.scaling block
41 at line 61. The dampening is controlled by the circuit of
the position dependent scaling block 41 by means of the gain

'prov:Lded through operatlonal amplifier 113, - hereinafter op-amp

113. As can be seen from FIGURE 3, the op-amp 113 1s arranged

velocity signal through llne 39 belng passed through resistor

111 into the negatlve lnput of op-amp 113. Across the input

and output of the opwamp 113 are located a palr of resistors
107 and 109 arranged 1n parallel w:.th a switch 105 being
controlled by control funct:.on blook 101. The control
functron block 101 serves to 1ssue a 51qnal through line 103
to switch l05'to either open or close the switch 105. When

11.ne 9. Whether the sw:v.tch 105 1is opened or closed 1is

"dependent upon the pos:a.t:.on signal comlng through line 47 from

resolver 23. As can be apprec::x.ated in accordance with the
1nvent1.on, the ga::.n for the pos:t.tlon dampen:.ng signal from
position dependent scaling block 41 is controlled 1n

detected.
FIGU'RE 4 111ustrates an alternative implementation of the

1.nvent3.on where a dlgz.tal computer is used to close the

control through a specz.f:.o software 1mplementet1on described

wlth reference to FIGURE 5. - In FIGCURE 4 like elements are
u.mbered the eame as for FIGURE 1 and function the same unliess
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otherwise noted. In the control system of FIGURE 4, the high
level torque signal at line 69 and tﬁe rate signal at line 39
are converted to digital signals by analog to digital
converters 76 and 77. A digital computer 201, shown in dashed
5 lines replaces the elements shown enclosed thereby to
calculate, through the software described with reference to
FIGURE 5, and based on the input digital rate, position and
torque signals, a desired and calculated motor torque signal
which through line 78 1s. passed to dlgltal to analog converter
10 79 to be acted on by controller electronics 73 1n a manner
. gimilar to FIGURE 1. In the case of FIGURE 5, the signal
conditioning bloc'k 43 is now shown as resolver toO digital
converter 43' which was previously discussed with reference to
FIGURE 1 as an example of the type of device that could be

15 used as the signal condltlonlng block 43. |
The system of FIGURE 4 operates as more particularly
- descrlbed with reference to the flowchart of FIGURE 5 wherein
the software version of the :anentJ.on is implemented in an
endless loop which prov:.des rate dampening as a function of
20 position. components unrela.ted to rate dampening which are
‘needed to form the complete control loop are shown for
reference purposes in the block in dashed lines, but are not
necessary to illustrate the concept of the invention. Such
_ component steps in the program are conventional and well known

25 to those of ordlnary Sklll in the art.

' Turning now to the ‘software implementation of the
- invention, at the top of the control loop current real-time
measurements of ' pOSlthn and veloc:Lty are input.
Specifically, posn.tn.on and veloc:lty in this implementation may
30 be vector quantities, for example ' for a convent:s.onal six axis
active hand controller, the posz.tn.on and velocity will be six
component vectors. Subsequent to such input step, a list of
pre-defined non-overlapplng position bands or intervals are
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examined to determine in which band the current position is
located. For multi-axis systems where the position is
represented as a vector, a band is determined independently
for each axis. '

The "velocity - command - component” 1is the component of
the output feedback command which 1s responsible for
implementing rate dampening. The amount of rate dampening is
computed for each axis by multiplyving the “rate~factor" for
the current band with the velocity detected for movement of
the control stick 11. 'Typically, "rate-factors" are negative
numbers used to achievé the dampening', i.e., a force in
opposition to the current velocity. The "rate-factors" are
tabulated by the band for each axis independently. The
feedback command is'then.computed by summing the "velocity -
command - component® with any other'cOmmand components which
may be needed for reasons .other ‘than rate dampening. The
summed components result in a vector sum for a multi-axis
active hand controller SYStem. Finally, the feedback command
is output to the system being controlled and the loop is
closed by repeating the above; sequence for the next iteration.

It l1s noted that ‘the concept of the invention as
illustrated in hardware in FIGURE 1 and software in FIGURE 5

‘can be expanded to be employed w:Lth multlple position bands

with multlple degrees of rate dampenlng for hand controllers
having multiple axes. One. such appllcatlon where multiple
bands are needed 1nclude a system with "soft stops"
programmed lnto the force dlsplacement curve as illustrated in
FIGURE 2. Soft stop J.s a conventlional and well known concept
to those of ordinary Sklll in the art and need not be
disclosed in greater detan.l herein. With soft stops increased
dampening will be n(eededat the soft stop non-linearity on the
force versus displacement curve. Thus, additional position



WO 95/12153 PCT/US93/10459

2148401

16

bands would be needed around the two positions to keep the
systems stable as the controller passes through the soft stop
non-linear portion of the curve.
Having generally described the invention, the same will
5 become better understood as defined in a non-limiting manner
from the appended claims.
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what is claimed 1s:

1. In an active hand controller system having manual
“input control means connected to a motor providing desired
force and feel characterlstlcs to said manual input control
means to be reflected at a user, said motor connected to

control electronics means for controlling said motor in

control "means and at a system belng controlled, the
improvement comprlslng ' Selectlve rate dampening means for
providing a hlgher ‘amount of rate dampenlng to said control
electronics means when said manual input control means 1S
positioned at about its null position than when said manual
input control means is posxtloned other than about its null

position, whereby system,-stablllty is enhanced without

degrading said predetermlned force and feel characterlstlcs.

2. A controller system as J..n claim 1 whereiln said
selsctn,ve rate dampening' means comprises a switch movable
hetween a first posn.tlon and a second position, said switch
being connected and controlled by a comparator which is
connected to said manual control input means through position
'detectlng means, said posmtlon detectlng means arranged both
for detecting the posn.tlon of sald manual control input means
and for generating ‘a signal representative thereof and
transmltta.ng sald signal to sa_id? comparator for controlling
sald sw:t.tch to be in said second pos:Lt:Lon to provide a
relatively high gain signal to said controller electronics
means when said manual control input means is at a position

‘about null to 1ncrease rate dampem.ng, and for controlling

sa.ld switch to be J.n sa:.d f:.rst pos:z.tmn to prov:xde a relative
low gain s:x..gnal to sa;.d controller electronic's means to

'prov1de relatlvely 1ower rate dampening.
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3. A controller as in claim 2 further comprising
differentiating means 1Or operating on said position signal to
generate a signal representative'of velocity of movement of
said manual control input means, and ‘connected in a manner
whereln sald pOSlthn smgnal ‘and velocity signal are each
supplled separately to said selective rate dampening means to

" be factored into the control of sald switch between said first

.and second posmtlons._

4, A controller as in claim 2 further comprising
ampllfylnq means connected to said switch for generating the

higher gain or lower galn signal as an output therefrom in
accordance with the posz.tlon of said switch between said first.

and second positions. _ '
5. A controller as in claim 3 further comprising

ampllfylng means connected to sald.swltch for generating the
h:.gher gain or lower gain sz.gnal as an output therefrom in
accordance with the pos:t.tn.on of . san.d sw:Ltch between said first

and second p051tlons.

6. A controller as in clalm 4 wherein said amplifying

means is connected in .an  jnverting amplifier circuit

conflguratlon with two resn.stors connected in parallel with
_ respect to each other and with respect to said amplifying

means across an :mput and output thereof and sald switch

‘ belnq connected between the 1nput of sald ampllfylng means and

one of sald resistors. _ ) | _

7. A controller' as in claim 5 wherein said amplifying
means is connected an inverting amplifier circuit
conf:.guratlon wlth two res:.stors connected in parallel with

respect to each other and Wlth respect to said amplifying
means acrose an lnput and output thereof and said switch

~ being connected between the 1nput of sald ampllfyn.ng means and

' one of said r351stors.

s i e s i gl | S gy Yy s g 3‘»1&"(0;6%&'&*&0 ;
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8. A controller as in claim 1 wherein said _selective

rate dampenlng means comprlses a digital computer having
software stored therein adapted for calculating and providing
a feedback signal output to provide one of a higher dampening
to said control electronics means or lower dampening to said
control electronics means based on detection of the position
of said manual input control means.

9. A method of dampenlng oscillations in an active hand
controller system having manual input control means connected

to a motor, said oscxllatlcns resultlnq from the operation of

said motor, when said manual input control means is positioned
about its null position, +he method comprising the steps of:

determining whether said manual input control means is in one
of a first position about a null position thereof and a second
position outside about the null position thereof; if said
manual input control means is 1n said first position,
providing a hn.gher dampened pos:.t;n.on signal feedback TO
control said motor to be less responsive thereto to result in
reduced oscillations; and if said manual input control means
'is in said second position, providing a lower dampened

control means when in use.
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