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Description

Field of the Invention

[0001] This invention relates to force generation sys-
tems and particularly to a force generation system use-
ful for instance in the simulation of shoulder-supported
rocket launching.

Background of the Invention

[0002] In certain instances, it is desirable to create a
weight-loss or weight-unloading effect and thereby re-
duce the perceived weight and perceived weight distri-
bution of an object supported by a person. Such need
exists for instance in the training of shoulder-fired mis-
sile operators.

[0003] Shoulder-fired guided missile systems are an
integral part of modern defense operations. The effec-
tiveness of these weapons is rclatcd directly to the qual-
ity of the training the operators receive. Live firing of
these weapons provides optimal training experience but
is prohibitively expensive. Hence, simulator-based
training is preferred.

[0004] Effective simulators for tripod-supported
launchers are known. They reproduce the visual and au-
ral aspects of real systems through the use of computer
graphics and sound capabilities. In shoulder-supported
launching, however, the additional critical element of
physically supporting the launcher is involved. Given
that a typical missile may weigh 20 to 28 Ibs, or 9to 12.6
kg, the launcher's weight and centre of gravity change
dramatically at the instant the rocket/missile leaves the
launch tube. The rapid loss of mass and weight of the
missile creates the problem of a transient motion of the
operator and the tube which equates to a perturbation
in aiming. Such perturbation may have very serious con-
sequences, including being exposed to enemy fire, as
known to those familiar with the art.

[0005] Therefore, it is essential to prepare the opera-
tor for the physical changes experienced during the
launch so that the operator may develop counteractive
reactions helpful in aiming and delivering the missile to
the target.

[0006] A system for training the operator for the above
purpose should deal with several factors, viz. the rapid-
ity and dynamics of launch, the direction of the weight
loss and secondary forces.

[0007] The loss of weight during a real launch occurs
typically in a fraction of a second. Following the launch,
the operator's muscles keep exerting the upward push-
ing force that may lead to the disturbance in aiming as
discussed above. Furthermore, the loss of weight must
retain fidelity in the presence of operator motions. The
operator's motions should be relatively small as the suc-
cessful launch requires the operator to remain still and
steady for the duration of a shot. Another condition is
that the simulated lift force should be as close as pos-
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sible to a vertical direction. This is so because the real
missile weight loss occurs in the direction of gravity i.e.
vertically downwards.

[0008] Further, in a launch simulation exercise, the
upward stroke of the lifting force should not deviate sig-
nificantly from the amount of the real-life upward shift of
the launcher caused by the muscular reaction of the op-
erator upon the loss of missile weight.

[0009] Otherforces than the vertically oriented weight
loss are also present during launch. While the front-to-
rear recoil of the jolt is reduced in rockets because the
action of the exhaust gas of the rocket is not constrained
by a closed launch barrel end, certain forward/backward
forces are still present due to recoil, friction between the
missile and the launcher during the shot, and other fac-
tors. However, the most important perturbation to be
countered is the missile weight loss. The recoil force in
the case of self-propelled missiles is very much lesser
than the recoil force on the closed end of a cannon or
gun barrel. Its effect on the operator is minimized by the
open tube design of the launcher and the two-stage fir-
ing sequence. In the first stage, a much more powerful
thrust is designed to eject the missile from the launch
tube, while in the second stage, missile propulsion takes
place at a distance from the operator.

[0010] Known devices for aiding the operator in train-
ing have dealt with the problem of weight loss but not
with the verticality of the weight-loss force. A cable/rope
pull-down device uses ropes for temporarily affixing an
empty launch tube to the floor/ground thus creating an
added weight effect, and releasing the rope tension at
the instant of "firing" to simulate the missile weight loss.
The ropes are positioned vertically between the tube
and their attachment points at the floor or ground. The
drawback of this approach is in the restricted mobility of
the operator who is likely to move, deliberately or not,
directly before the launch. Any deviation from the proper
position before the launch creates a deviation from the
verticality of the weight-loss forces. It may also introduce
a significant error in the perceived forces and thereby
impede the training process.

[0011] Another method used an approximation of an
empty launcher having two weights, one at the front and
one at the rear of the launch tube, secured releasably
to the tube with a weight-release mechanism. The
weights were released at the instant of simulated firing.
This approach, while overcoming the problem with the
mobility of the operator and the verticality of the weight
loss force had also disadvantages including an added
weight of the weight-release mechanism itself and the
risk of the falling weights disturbing or harming the op-
erator, the latter necessitating extra personnel.

[0012] An example of a weight loss simulator for
shoulder-supported rocket launchers is disclosed in US-
A-4321043. An imitation weapon 13 is supported on a
weapon support stand 85 to which a weight 121 is at-
tached. When the imitation weapon 13 is "fired", the
weight 121 is released and falls freely to the terrain sur-
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face. This aims to simulate the weight loss which occurs
when a real rocket is launched.

[0013] Itis an object of the invention to provide a sys-
tem wherein at least some of the above-discussed draw-
backs are alleviated or eliminated.

[0014] It is another object of the invention to provide
a system and a method for generating and exerting on
an object a force of a predetermined magnitude-versus-
time waveform, wherein the stroke or displacement cre-
ated by the force is a secondary factor.

[0015] Itis yet another object of the invention to pro-
vide a method of exerting a virtually vertical tensile force
of a predetermined tensions vs. time waveform on an
object such as a simulated rocket launcher.

Summary of the Invention

[0016] According to the invention, there is provided
an apparatus for exerting a predetermined force on an
object, in a predetermined direction, comprising:

a reference structure disposed at a predetermined
position relative to said object,

an actuator associated with said reference structure
for generating a force of predetermined magnitude
vs. time waveform (i.e. magnitude as a function of
time),

a control means operatively connected with said ac-
tuator for activating the actuator in a predetermined
time-related manner, and

a link means operatively connecting said object with
said actuator for imparting, in operation, the force
onto the object;

CHARACTERIZED IN THAT said object (20) is op-
eratively connected with said actuator (30) by said link
means (19) from above. The actuator may be designed,
or adapted, for generating a tensile, compressive (push)
or another type of force of predetermined magnitude as
a function of time.

[0017] The link means may be a flexible or a rigid link,
depending on the operational requirements. It is under-
stood that the link means is not limited to a single link
as described for the exemplary embodiments of the in-
vention hereinbelow, if a plurality of links is feasible and
desirable.

[0018] The system may comprise guide means asso-
ciated with the reference structure for guiding the link
means along a predetermined route, or for maintaining
a predetermined orientation of the link means.

[0019] In a specific aspect of the invention, there is
provided a guide system for use in an actuating system
which comprises an actuator and a flexible link means
for connecting the actuator with an object. The guide
system comprises a frame (a reference structure), a link
positioning means movable with respect to the frame,
position detecting means for detecting a directional ori-
entation of the link means and generating a signal indic-
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ative of a deviation of the directional orientation of the
link means from a predetermined orientation, and mov-
ing means for moving said link positioning means in re-
sponse to said signal to achieve a predetermined orien-
tation of said link means.

[0020] The reference structure may be an existing
one or designed for a specific purpose and it may be
disposed at various positions relative to the object de-
pending on the desired force to be imparted thereto. In
a specific embodiment of the invention, with an object
to be lifted, the structure may be an overhead support
structure. In the latter instance, the overhead support
structure may be e.g. a scaffolding or a similar support
structure of sufficient size to accommodate the height
of the operator. The guide means may be installed on
such existing structure. It will be understood that the ex-
isting structure or its part then becomes a functional part
of the invention inasmuch as it provides a physical basis
for the operation of the system.

[0021] The guide means may be movable such that
its position relative to a fixed point on the ground can be
changed. While the guide may be movable along with
the support structure or its part, in an embodiment of the
invention the guide is movable relative to the stationary
structure.

[0022] The system of the invention operates on a dif-
ferent principle than known actuating systems, e.g. a
common overhead crane or hoist. The vertical lift oper-
ation of a crane or hoist is fundamentally different in the
selection of means and purpose than the system of the
invention. In a crane, the lift cable is connected to a high
strength, high mechanical impedance drive, typically a
gear reduced driven drum. The drum is connected to a
high strength motor. In operation, the motor is activated
for periods of time when it operates at a relatively con-
stant or controlled speed. The drum is intended to dis-
pense or wind up cable at that rate, independent of
whether a heavy or light object is hanging on the end of
the cable. The overall objective of crane operation is to
lift the object to a desired position (stroke) independently
of how heavy the object is and hence independently of
how much lift force is applied. The operation, under-
standably, is limited to lift forces within the capability of
the crane. In contrast to the above, the system of the
invention is specifically designed to exert a predeter-
mined force, in the time-related manner, on an object
independent of whether the object moves in response
to the application of that force (a "stroke-independent
force"). In the exemplary embodiment of the invention,
described hereinbelow, a system is described that can
apply a prescribed force regardless of whether or not
the object (launch tube) moves upward as a result.

Brief Description of the Drawings

[0023] In drawings which illustrate the system of the
invention and its operation in greater detail,
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Fig. 1 is a view of an embodiment of the system of
the invention prepared for operation,

Fig. 2 is a block diagram of the basic components
of one embodiment of the system of the invention,

Fig. 3 is a block diagram of the cable tension sens-
ing assembly,

Fig. 4 is a block diagram illustrating the functioning
of the first embodiment before the application of a
lifting force,

Fig. 5 is a block diagram illustrating the functioning
of the first embodiment during the application of a
lifting force,

Fig. 6 is a schematic diagram of the cable angle
sensor assembly,

Fig. 7 is a view of the robotic muscle-like actuator
with a stroke-modifying mechanism,

Fig. 8 is a block diagram of the basic components
of a second embodiment of the system of the inven-
tion, and

Fig. 9 is a block diagram illustrating the functioning
of the second embodiment.

Detailed Description of Preferred Embodiments of
the Invention

[0024] Referring now to the drawings, Fig. 1illustrates
a frame 10 supporting an x-y gantry arrangement con-
sisting of beams 14, a cart 12 and a cart 16. The cart 12
is slidable along the longer beams 14 of the frame 10,
and the cart 16 is slidable along the length of the cart
12. The cart 16 has an guide 18 which may be an eyelet,
a pulley or another guide enabling the longitudinal pas-
sage of a cable 19 thereover or therethrough.

[0025] While the system of the invention does not en-
compass an object to be lifted, the cable 19 is shown in
Fig. 1 as attached to a mock-up rocket launcher 20 in-
cluding a weight equivalent to the actual mass of a mis-
sile, the weight being positioned realistically within the
launcher tube of the launcher assembly. The definition
"realistically" means that the pseudo-missile is posi-
tioned so that its center of gravity matches the location
of the center of gravity of a real missile, thus approxi-
mating real launch conditions. The cable 19 is attached
to the launcher as close as possible to the centre of grav-
ity of the "missile" inside the launcher. The cable has a
first, vertical section defined by the object and the guide
18. At the other end, the cable 19 is engaged, via a pul-
ley 21, with a control module 22 which is secured to the
frame 10. The module 22 contains the control mecha-
nisms of the system, not shown in Fig. 1, including a
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take-up spooling mechanism, a servomechanism for
controlling the position of the guide 18 and a robotic
muscle-like pneumatic actuator, shown in Fig. 7, which
is associated with actuator control means. The opera-
tion of the control mechanisms will be explained below.
[0026] Apart from the above-described embodiment,
the point of the application of force to an object is gen-
erally chosen according to some criterion (e.g. center of
mass) related to the nature of either an entire object or
aportion (e.g. the "missile") of the overall object (launch-
er encompassing the missile).

[0027] Due to possible mechanical limitations, such
as the flexibility and bending of the support structure un-
der the load, the guide means may not be, and does not
have to be, movable in exactly a horizontal plane. As
illustrated in Fig. 1, the guide is movable in a direction
having an x and/or y component such as to impart a
movement of the first section of the link means with the
object attached thereto, in a x and/or y direction, per-
pendicular to the vertical(z axis).

[0028] The range of travel of the x-y gantry elements
12, 16 is about 2x2 feet, or 60x60 cm, which is sufficient
to accommodate movements of an operator underneath
the frame. For the launch simulation discussed above,
the operator holds the object (launcher) 20 on the shoul-
der under the x-y gantry 12, 14, 16 within the vertical
projection of the range of travel of the gantry elements,
to enable control means, discussed below, to maintain
verticality of the cable 19 at the moment of object lifting.
The control means cause the guide 18 to get into a po-
sition virtually vertical above the point of attachment of
the cable 19 to the object 20.

[0029] Itshould be recognized that the control module
22 may be mounted at various positions relative to the
support structure, for instance it may be anchored to the
gantry elements 12, 16. Accordingly, the cable 19 may
extend downwards from the control module to the ob-
ject, the entire operational length of the cable constitut-
ing the first portion thereof. In such a case, the control
module would also constitute the guide means as it
would be movable to position the cable vertically over
the object.

[0030] Referring now to Fig. 2, a cable tension gener-
ation control system 24 is indicated in phantom lines. It
includes a number of functionally associated compo-
nents, including a take-up spooling mechanism 26 as-
sociated with a brake 28. an actuator 30 associated with
an actuator force transmission mechanism 32, and a ref-
erence frame 34 which may be embodied by the casing
of the control module 22 when affixed to the frame 10
or another fixed support. The take-up spooling mecha-
nism 26 is exemplified by an electric motor of a capacity
sufficient to maintain a low take-up tension in the cable
19, and a wind-up drum. The latter is preferably
equipped with a sideways incremental motion so that a
single-layer cable winding is maintained on the drum at
all times thus preventing cable wedging and jamming.
The actuator, 30 and the brake 28 are each mechani-
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cally anchored to the reference frame 34. Alternatively,
the reference frame may be affixed to the cart 12 or cart
16 with the implication that the control system 24 is re-
siding at that location.

[0031] The tension generation control system 24 en-
gages the cable 19 which passes through a cable lift
point positioning system 36 and extends to the object
38 to be lifted.

[0032] In operation, when the operator holds the ob-
ject 38 on the shoulder underneath the frame 10, within
the travel range of the gantry 12, 16, the low-tension
take-up mechanism 26, e.g. a spooler, is activated to
keep a steady, low tension on the cable 19, the tension
being sufficient to keep the cable substantially taut with-
out distracting the operator. The tension should also en-
able the operator to move within the above-discussed
range, bend, crouch and lie down.

[0033] When activated, the cable lift point positioning
system 36 which includes the guide 18 (Fig. 1) functions
to position the guide 18 vertically above the object 38.
This function is accomplished through the monitoring of
the verticality of the cable 19 in its section adjacent to
the object. The monitoring is effected by means of an
angle sensor described hereinbelow.

[0034] For the main step of the operation of the sys-
tem of the invention, the application of the object lifting
force, the brake 28 is activated to immobilize the take-
up mechanism, or generally speaking, to arrest the lon-
gitudinal movement of the cable relative to the guide 18.
The actuator 30 is then activated to generate a pulling
force of a predetermined tension-versus-time wave-
form. The transmission mechanism 32 converts the ac-
tuator stroke and tension to adapt them to the require-
ments of the lifting exercise, i.e. required force and
stroke of lift. In the embodiment illustrated in Fig. 7, the
actuator is a pneumatic muscle-like robotic actuator
(known in the art as ROMAC) and the transmission
mechanism is an inverted tackle. Thus, the tension of
the actuator becomes reduced by a factor of say, six and
the stroke is extended by the same factor.

[0035] The spooling feature of the take-up mecha-
nism allows the system to naturally self-adapt to any
height of the operator as well as accommodate multiple
firing stances (prone, kneeling, standing). Preferably, to
avoid excessive friction and wedging of the cable on the
spooler drum, a single-layer winding spooler is pre-
ferred.

[0036] Referring now to Fig. 3, the operation of.the ca-
ble tension generation control system 24 (Fig. 2) is con-
trolled via feedback from a cable tension sensor 40. The
tension sensor is operatively associated with the cable
19 to generate a feedback loop 42, allowing the system
to react to the majority of physical forces associated with
the performance of the system, thus improving its fidel-
ity.

[0037] The operation of the low-tension take-up
mechanism 26 will be described in more detail based
on Fig. 4 which illustrates schematically the system be-
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fore the application of the lifting force. The actuator 30
is inactive, the brake 28 is disengaged allowing the take-
up mechanism 26 to operate. The operation of the
mechanism 26, as explained, aims at canceling any
slack of the cable 19 when the object 38 is supported
by the operator. The mechanism 26 (active) spools the
cable in or out to maintain a small tension in the cable.
The tension is monitored by the tension sensor 40 which
generates a signal indicative of the tension to a take-up
control unit 44 which in turn controls the take-up mech-
anism 26. At this stage of operation, the cable 19 which
extends between the object 38 and the take-up mecha-
nism, passes freely through the actuatorforce transmis-
sion mechanism 32 which is illustrated in Fig. 7.
[0038] The operation of the system during the appli-
cation of the lifting force is represented in Fig. 5. Here,
the take-up mechanism 26 is inactivated due to the
brake 28 being engaged. As a result, the cable 19 is
anchored against the reference frame through the take-
up mechanism. The actuator 30, anchored against the
same reference frame (Fig. 2) is actively generating a
tensile force and exerting the force between the refer-
ence frame and the actuator transmission mechanism
(described in detail with reference to Fig. 7). The oper-
ation of the actuator is controlled by an actuator control
unit 46 in response to a signal from the cable tension
sensor 40. The actuator generates a force proportional
to its internal pressurization. A pressurized fluid source
48, typically a compressed air source, is modulated via
the actuator control unit 46 such as to exert an appro-
priate internal actuator pressure to maintain the proper
cable lift force. The unit 46 includes a proportional, fast
acting servo valve adapted to add or exhaust com-
pressed air to or from the actuator based on the tension
signal from the cable tension sensor 40.

[0039] Fig. 6 illustrates the operation of the cable lift-
point positioning system 36 (see also Fig. 2), aimed at
maintaining a vertical orientation of the load-connecting
first portion of the cable 19. The operation of the system
36 is carried out in response to a signal from an angle
sensor 52. The overhead lift point (guide 18 in Fig. 1) is
positioned according to a signal from an angle sensor
52 which measures a deviation of the angle of the cable
from vertical. As explained hereinabove, any horizontal
movement of the operator during operation of the sys-
tem - fore, aft or side to side - will place the point of cable
attachment to the object in a position no longer directly
under the overhead cable lift point. This will give rise to
a non-vertical cable, at least in its first portion, and the
angle of the deviation will be read by the cable angle
sensor 52. The reading of the sensor 52 includes the
direction in which the cable has been deflected from ver-
tical, allowing the lift point position control unit 54 (a ser-
vomechanism) to move the lift point in the correct direc-
tion to attempt to eliminate the non-verticality of the ca-
ble 19.

[0040] For the embodiment discussed herein, a sim-
ulated rocket launch, it may be necessary to conduct the
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operation outdoors, on an uneven ground. The mechan-
ical components themselves (e.g. frame) are subject to
distortion from the original shape under load and this
may cause a non-horizontal movement of the gantry
(Fig. 1). Additionally, the frame 10 may not be placed on
a level surface. The above factors may make it more
difficult to determine a deviation of the cable from verti-
cal. However, means for determining the actual position
of the cable in relation to vertical in the above-described
conditions are known in the art. For simplicity, the frame
10 may be designed to be used on a reasonably level
surface or have level adjustment means (e.g. telescopic
legs). The overhead frame may also be designed with
sufficient rigidity such that negligible deflection occurs
under load encountered during the operation of the sys-
tem.

[0041] Referring now to Fig. 7, a preferred actuator/
transmission mechanism assembly is illustrated. The
pneumatic ROMAC actuator 30 is coupled with a five-
pulley tackle 50 which has a line 56 wound around the
pulleys 58. One end of the line 56, as illustrated, extends
into the cable for connecting to the object to be lifted,
while the other end is engaged with the take-up mech-
anism. As well known, the tackle will amplify the stroke
of the actuator six times while attenuating its tensile
force by the same factor. Of course, the degree of am-
plification/attenuation can be predetermined by select-
ing the number of pulleys to match the cable tension and
operator's vertical movement accommodation require-
ments.

[0042] The embodiment described above and illus-
trated in Figs. 1-7 operates in two distinct modes. One
mode characterizes the system as prepared for firing
(or, generally, the application of displacement force on
an object). In this mode, the actuator is inactive, the
brake is not engaged and the spooling motor (take-up
means) is maintaining low cable tension. The second
mode of operation is the instant of firing and onwards:
the spooling motor is disengaged, the brake is engaged
and the actuator is creating a high (tensile) force in the
cable (link). In the above-described embodiment, the
two modes are executed by separate components.
[0043] As exemplified below, the functions of the two
modes can be implemented with a single set of physical
components.

[0044] As shownin Fig. 8, the brake, actuator and ac-
tuator transmission mechanism of Fig. 2 have been
eliminated. A take-up actuation means 60 with take-up
mechanism 26, for example a spooling wind-up motor
and a drum are used instead, the motor having sufficient
capacity to exert the high tensile force which is produced
by the ROMAC actuator in the first embodiment. The
other elements of Fig. 8 are the same as in Fig. 2.
[0045] The operation of the second embodiment is
represented in Fig. 9 wherein the dotted line represents
the modified take-up/actuation assembly. In operation,
before "firing", the spooling motor with the drum main-
tains a constant cable tension like the take-up mecha-

10

15

20

25

30

35

40

45

50

55

nism of Fig. 4. For the "firing", a sufficiently high power
is supplied to the motor to create the required force (as
a function of time) in the cable 19. The (tensile) force in
the cable is monitored via the sensor 40 and a respec-
tive signal is generated thereby and fed to the take-up
control unit 44. The unit 44 in turn governs the perform-
ance of the take-up assembly 60, 26.

[0046] While the single set of components appears
simpler, its proper performance may be difficult to se-
cure. In order to create the high tensile force to be ap-
plied to the object 38, a significantly large motor is re-
quired with correspondingly high drive power demands.
Related problems may occur in the functioning of the
power electronics which may be significantly taxed. The
spooling-only embodiment of Figs. 8 and 9 also requires
a much larger range of operational capability for the
spooling control system 44 since the system is expected
to maintain correct force in the link 19 at both high and
low settings. A large motor may be encumbered with in-
sufficient sensitivity in maintaining the low setting.
[0047] The reliability of the second embodiment
would also have to be addressed. A malfunction of a
system without a brake and with no stroke limitation (as
in the case of ROMAC muscle-like actuator) could have
serious consequences, for instance if the spooler went
into a runaway action due to a linkage failure or another
component damage.

[0048] It is a feature of the invention that a system is
provided to exert a controlled force on an object while
the motion of the object (stroke, displacement, lift) can
be ignored as a secondary result, if any, of the force.
[0049] It will be understood that the system, at least
in the above-described application, may function satis-
factorily without the guide means (exemplified by the ca-
ble lift point positioning system 36) if certain deviations
from the predetermined direction (e.g. vertical) of the ob-
ject-displacement force can be admitted.

Claims

1. Apparatus for exerting a predetermined force on an
object (20) in a predetermined direction, compris-
ing:

a reference structure (10,12,14) disposed at a
predetermined position relative to said object
(20),

an actuator (30) associated with said reference
structure (10,12,14) for generating a force of
predetermined magnitude vs time,

a control means operatively connected with
said actuator (30) for activating the actuator in
a predetermined time-related manner, and

a link means (19) operatively connecting said
object (20) with said actuator (30) for imparting,
in operation, said force onto the object;
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CHARACTERIZED IN THAT said object (20)
is operatively connected with said actuator (30) by
said link means (19) from above.

Apparatus according to claim 1 wherein said actu-
ator (30) is a tensile force generating actuator.

Apparatus according to claim 1 or claim 2 further
comprising a movable guide means (18) associated
with said reference structure for guiding said link
means (19).

Apparatus according to claim 3 wherein said refer-
ence structure (10,12,14) is disposed at least partly
over said object; the link means (19) has a first por-
tion adapted to be attached to said object, and
means are provided for moving the guide means to
maintain the first portion of the link means in a sub-
stantially vertical orientation when the object is at-
tached thereto.

Apparatus according to claim 4 further comprising
a verticality sensor (52) for generating a signal in-
dicative of a deviation of said first portion of said link
means from a vertical orientation.

Apparatus according to any preceding claim further
comprising a take-up means (26) for maintaining, in
operation, a predetermined tension in said link
means.

Apparatus according to claim 6 wherein said actu-
ator is a take-up actuator.

Apparatus according to any preceding claim further
comprising a brake (28) associated with said link
means for locking said link means and preventing
a tensioning action of said take-up means.

Apparatus according to any of claims 6 to 8 further
comprising a tension sensor (40) associated with
said take-up means for generating a signal indica-
tive of a tension in said first portion of said link
means.

Apparatus according to any preceding claim where-
in said actuator is a robotic muscle-like actuator.

Apparatus according to any preceding claim where-
in said link means (19) is connected to said object
ata point having a predetermined relationship to the
centre-of mass of a portion of said object.

Apparatus according to any preceding claim where-
in the actuator for generating said force is one that
generates a stroke-independent force of predeter-
mined magnitude vs. time and the system further
comprises:
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a sensor means for monitoring a stress creat-
ed in said link means by said force and for generat-
ing a signal indicative of said stress and feeding
said signal to said control means.

13. A method of exerting a force on an object, using ap-

paratus according to claim 4, said method compris-
ing:

a) attaching the object to the first portion of the
link means,

b) positioning said object underneath said
guide means,

¢) moving the guide means to maintain the first
portion of the link means in a substantially ver-
tical orientation, and

d) activating said actuator to exert said tensile
force vertically upwards onto said object.

Patentanspriiche

Apparat zur Ausiibung einer vorbestimmten Kraft
auf ein Objekt (20) in einer vorbestimmten Rich-
tung, bestehend aus:

einer in einer vorbestimmten Position relativ zu
besagtem Objekt (20) angeordneten Referenz-
struktur (10, 12, 14),

einem mit besagter Referenzstruktur (10, 12,
14) assoziierten Stellorgan (30) zur Erzeugung
einer Kraft von vorbestimmter GroRe tber Zeit,
einem funktionsfahig mit besagtem Stellorgan
(30) verbundenen Kontrollmittel zur Aktivierung
des Stellorgans auf eine vorbestimmte zeitbe-
zogene Weise, und

einem Verbindungsmittel (19), welches das be-
sagte Objekt (20) funktionsfahig mit besagtem
Stellorgan (30) verbindet, um besagte Kraft im
Betrieb auf das Objekt zu Gibertragen;

DADURCH GEKENNZEICHNET, DASS besagtes
Objekt (20) mit besagtem Stellorgan (30) durch be-
sagtes Verbindungsmittel (19) von oben funktions-
fahig verbunden ist.

Apparat gemaR Anspruch 1, worin besagtes Stell-
organ (30) ein Zugkraft erzeugendes Stellorgan ist.

Apparat gemaR Anspruch 1 oder 2, auBerdem be-
stehend aus einem mit besagter Referenzstruktur
assoziierten beweglichen Fiihrungsmittel (18) zum
Fihren von besagtem Verbindungsmittel (19).

Apparat gemafl Anspruch 3, worin besagte Refe-
renzstruktur (10, 12, 14) zumindest teilweise lber
besagtem Objekt angeordnet ist; das Verbindungs-
mittel (19) hat einen zum Anbringen am besagten
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Objekt adaptierten ersten Abschnitt, und Mittel zum
Bewegen des Fihrungsmittels sind vorhanden, um
den ersten Abschnitt des Verbindungsmittels in ei-
ner im Wesentlichen senkrechten Orientierung zu
halten, wenn das Objekt daran angebracht ist.

Apparat gemaR Anspruch 4, auRerdem bestehend
aus einem Lotrechtstellungssensor (52) zum Er-
zeugen eines Signals, das eine Abweichung von
besagtem erstem Abschnitt von besagtem Verbin-
dungsmittel aus einer senkrechten Orientierung an-
zeigt.

Apparat geman beliebiger vorangehender Anspru-
che, auflerdem bestehend aus einem Aufnahme-
mittel (26), um im Betrieb eine vorbestimmte Span-
nung in besagtem Verbindungsmittel aufrechtzuer-
halten.

Apparat gemal Anspruch 7, worin besagtes Stell-
organ ein Aufnahme-Stellorgan ist.

Apparat gemaR beliebiger vorangehender Anspri-
che, aulerdem bestehend aus einer mit besagtem
Verbindungsmittel assoziierten Bremse (28), um
besagtes Verbindungsmittel zu sichern und eine
Spannwirkung des besagten Aufnahmemittels zu
verhindern.

Apparat gemaR beliebiger Anspriiche 6 bis 8, au-
Rerdem bestehend aus einem mit besagtem Auf-
nahmemittel assoziierten Spannungssensor (40),
um ein Signal zu erzeugen, das eine Spannung in
besagtem erstem Abschnitt von besagtem Verbin-
dungsmittel anzeigt.

Apparat gemaR beliebiger vorangehender Anspri-
che, worin besagtes Stellorgan ein robotisches,
muskelahnliches Stellorgan ist.

Apparat gemaR beliebiger vorangehender Anspri-
che, worin besagtes Verbindungsmittel (19) mit be-
sagtem Objekt an einem Punkt verbunden ist, der
eine vorbestimmte Beziehung zum Massenschwer-
punkt eines Abschnitts von besagtem Objekt hat.

Apparat gemaR beliebiger vorangehender Anspri-
che, worin das Stellorgan zur Erzeugung von be-
sagter Kraft eines ist, das eine hubunabhangige
Kraft von vorbestimmter GréRe Uber Zeit erzeugt
und das System aullerdem aus Folgendem be-
steht:

einem Sensormittel zur Uberwachung einer
Beanspruchung, die in besagtem Verbindungs-
mittel durch besagte Kraft entsteht, und zur Er-
zeugung eines Signals, das besagte Beanspru-
chung anzeigt, und zum Einspeisen von besag-
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tem Signal in besagtes Steuerungsmittel.

13. Eine Methode zur Auslibung einer Kraft auf ein Ob-

jekt mit Hilfe des Apparats gemaf Anspruch 4, wo-
bei besagte Methode Folgendes beinhaltet:

a) Anbringen des Objekts am ersten Abschnitt
des Verbindungsmittels,

b) Positionieren von besagtem Objekt unter-
halb von besagtem Fuhrungsmittel,

c) Bewegen des Fuhrungsmittels, um den er-
sten Abschnitt des Fihrungsmittels in einer im
Wesentlichen senkrechten Orientierung zu hal-
ten, und

d) Aktivieren von besagtem Stellorgan, um be-
sagte Zugkraft aufwarts auf besagtes Objekt
auszuliben.

Revendications

Dispositif pour exercer une force prédéterminée sur
un objet (20) dans une direction prédéterminée,
comportant :

une structure de référence (10, 12, 14) dispo-
sée dans une position prédéterminée par rap-
port audit objet (20),

un actionneur (30) associé a ladite structure de
référence (10, 12, 14) pour générer une force
d'amplitude prédéterminée en fonction du
temps,

des moyens de commande reliés d'une maniée-
re fonctionnelle audit actionneur (30) pour ac-
tiver I'actionneur d'une maniére prédéterminée
dans le temps, et

des moyens de liaison (19) reliant d'une manié-
re fonctionnelle ledit objet (20) audit actionneur
(30) pour impartir, en fonctionnement, ladite
force a I'objet,

caractérisé en ce que ledit objet (20) est relié
d'une maniére fonctionnelle audit actionneur (30)
par lesdits moyens de liaison (19) a partir du des-
sus.

Dispositif selon la revendication 1, dans lequel ledit
actionneur (30) est un actionneur générant une for-
ce de traction.

Dispositif selon la revendication 1 ou la revendica-
tion 2, comportant en outre des moyens de guidage
mobiles (18) associés a ladite structure de référen-
ce pour guider lesdits moyens de liaison (19).

Dispositif selon la revendication 3, dans lequel la-
dite structure de référence (10, 12, 14) est disposée
au moins partiellement au-dessus dudit objet, les
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moyens de liaison (19) ont une premiére partie qui
est adaptée pour étre fixée audit objet, et des
moyens sont prévus pour déplacer les moyens de
guidage afin de maintenir la premiere partie des
moyens de liaison suivant une orientation sensible-
ment verticale lorsque I'objet est fixé dessus.

Dispositif selon la revendication 4, comportant en
outre un capteur de verticalité (52) destiné a géné-
rer un signal indicatif d'une déviation de ladite pre-
miére partie desdits moyens de liaison par rapport
a une orientation verticale.

Dispositif selon I'une quelconque des revendica-
tions précédentes, comportant en outre des
moyens de compensation (26) pour maintenir, en
fonctionnement, une tension prédéterminée dans
lesdits moyens de liaison.

Dispositif selon la revendication 6, dans lequel ledit
actionneur est un actionneur a compensation.

Dispositif selon I'une quelconque des revendica-
tions précédentes, comportant en outre un frein
(28) associé auxdits moyens de liaison pour ver-
rouiller lesdits moyens de liaison et empécher une
action de mise sous tension desdits moyens de
compensation.

Dispositif selon I'une quelconque des revendica-
tions 6 a 8, comportant en outre un capteur de ten-
sion (40) associé auxdits moyens de compensation
pour générer un signal indicatif d'une tension dans
ladite premiére partie desdits moyens de liaison.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel ledit actionneur est
un actionneur robotique similaire a un muscle.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel lesdits moyens de
liaison (19) sont reliés audit objet en un point ayant
une relation prédéterminée avec le centre de mas-
se d'une partie dudit objet.

Dispositif selon I'une quelconque des revendica-
tions précédentes, dans lequel I'actionneur destiné
a générer ladite force est un actionneur qui génére
une force indépendante de la course dont I'ampli-
tude en fonction du temps est prédéterminée et le
systeme comporte en outre :

un moyen de capteur pour surveiller une con-
trainte créée dans lesdits moyens de liaison par
ladite force et pour générer un signal indicatif
de ladite contrainte et envoyer ledit signal
auxdits moyens de commande.
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13. Procédé pour exercer une force sur un objet, utili-

sant un dispositif selon la revendication 4, ledit pro-
cédé consistant a :

a) fixer l'objet sur la premiére partie des
moyens de liaison,

b) positionner ledit objet au-dessous desdits
moyens de guidage,

c) déplacer les moyens de guidage pour main-
tenir la premiére partie des moyens de liaison
selon une orientation sensiblement verticale, et
d) activer ledit actionneur pour exercer ladite
force de traction verticalement vers le haut sur
ledit objet.



EP 0 768 506 B1

[ "31

10



EP 0 768 506 B1

8¢ [ —!

WHLSAS

9¢ — | 1nt0d LarTEIEvD Y

DNINOILISOd v

ANV YA s DI WSINVHDAN TNV I
AOLVNLOV |—{NOISSIASNV YL - TIVE
|}

m/vm mm\_ NP o ve—"

_
_

1



EP 0 768 506 B1

24 ™
\
CABLE TENSION
GENERATION -

CONTROL SYSTEM

19 —~

40—
™ TENSION

SENSOR \ 1

i

OBJECT .

Fig. 3

12



EP 0 768 506 B1

wml/

61

JOSNHIS
,  NOISNAL

oy — 479V0

61 — |

om/

.y

INSINVHOHN
dOLVALOV NOISSINSNVYL
JOLVNLOV

L

.—N

LIN(] TOILINOD
C d-IAVL

@N/

\

IWSINVHOIN

SAT}OBUI
e’

d-JAV.L

//wv

31

QA1}0R

IAVdd

8T

13



EP 0 768 506 B1

JOSNHS
NOISNA.L
J1dVO

N\

| — |

HOYNOS
aimnigd
~_ 8
|
LINN
TOYLNOD
, JOLVNLOV
op —
JOLVALOVY
0 —
QATIO®

43

INSINVHDOEN
NOISSINSNVIL
JOLVNLOV

\

WSINVHOAIN
d(1-HIV.L

/.

G "31q

Y4 7 QATIORUI

$Avad

8T —

14



EP 0 768 506 B1

8¢

9 "31]
9¢
/ (e

JOSNHS,
HTONV

T8O N ¢

va 6] —— T

Y

(NSINVHDTNOAYES) LNIOd
TOYLNOD LAIT1979vD
NOILLISOd INIOd LAI'T AVAHIIAO

Y

v

15



EP 0 768 506 B1

TO TO
TAKE-UP OBJECT

58 N

30

S S

Fig. 7

16



EP 0 768 506 B1

l
. |
REFERENCE Iﬁ% A‘f; on TAKE-UP ,
FRAME MEANS MECHANISM |
|
341 60— 26— |
"9
CABLE LIFT POINT
'POSITIONING SYSTEM
Fig. 8
I ~~~~~~~~~~~~~~~~~~~~~ 7
| |
| ACToAmoN TAKEUP |
{ MEANS MECHANISM I
60" 26" |
44— 40— | P
TAKE-UP CABLE TENSION
CONTROL UNIT SENSOR

Fig. 9

17

38




	bibliography
	description
	claims
	drawings

