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(57)  Asystemforexertingaforce, forinstance a ver-
tical upward lifting force of a predetermined tension vs.
time waveform on a suspended object is useful in train-
ing the operators of shoulder-supported rocket launch-
ers. The system includes an actuator for generating a
required tensile force, a non-stretchable line or cable for
connecting the object to the actuator and an overhead
guide supported on an overhead support structure. The

Fig. 1

cable passes over the guide means defining a portion
of the cable directly supporting the object. The position
of the guide is controlled, in a response to a deviation
from verticality of the portion of the cable with suspend-
ed object, before the activation of the actuator so that
the verticality of the object lifting force is maintained. In
operation, a predetermined force is exerted on the ob-
ject regardless of whether the object moves as a result
of the force.
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Description

Field of the Invention

This invention relates to force generation systems
and particularly to a force generation system useful for
instance in the simulation of shoulder-supported rocket
launching.

Background of the Invention

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.

Shoulder-fired guided missile systems are an inte-
gral part of modern defense operations. The effective-
ness of these weapons is related directly to the quality
of the training the operators receive. Live firing of these
weapons provides optimal training experience but is
prohibitively expensive. Hence, simulator-based train-
ing is preferred.

Effective simulators for tripod-supported launchers
are known. They reproduce the visual and aural aspects
of real systems through the use of computer graphics
and sound capabilities. In shoulder-supported launch-
ing, however, the additional critical element of physically
supporting the launcher is involved. Given that a typical
missile may weigh 20 to 28 Ibs, or 9 to 12.6 kg, the
launcher's weight and centre of gravity change dramat-
ically 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 consequenc-
es, including being exposed to enemy fire, as known to
those familiar with the art.

Therefore, it is essential to prepare the operator 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.

A system for training the operator for the above pur-
pose should deal with several factors, viz. the rapidity
and dynamics of launch, the direction of the weight loss
and secondary forces.

The loss of weight during a real launch occurs typ-
ically in a fraction of a second. Following the launch, the
operator's muscles keep exerting the upward pushing
force that may lead to the disturbance in aiming as dis-
cussed above. Furthermore, the loss of weight must re-
tain fidelity in the presence of operator motions. The op-
erator'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-
sible to a vertical direction. This is so because the real
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missile weight loss occurs in the direction of gravity i.e.
vertically downwards.

Further, in a launch simulation exercise, the upward
stroke of the lifting force should not deviate significantly
from the amount of the real-life upward shift of the
launcher caused by the muscular reaction of the oper-
ator upon the loss of missile weight.

Other forces 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 recoll, 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.

Known devices for aiding the operator in training
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 emp-
ty launch tube to the floor/ground thus creatingan added
weight effect, and releasing the rope tension at the in-
stant 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 draw-
back of this approach is in the restricted mobility of the
operator who is likely to move, deliberately or not, di-
rectly 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.

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 ap-
proach, 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 operator, the
latter necessitating extra personnel.

It is an object of the invention to provide a system
wherein at least some of the above-discussed draw-
backs are alleviated or eliminated.

It is another object of the invention to provide a sys-
tem and a method for generating and exerting on an ob-
ject a force of predetermined magnitude-versus-time
waveform, wherein the stroke or displacement created
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by the force is a secondary factor.

It is yet another object of the invention to provide a
method of exerting a virtually vertical tensile force of a
predetermined tension vs. time waveform on an object
such as a simulated rocket launcher.

Summary of the Invention

According to the invention, there is provided a sys-
tem for exerting a predetermined force on an object, es-
pecially on a predetermined point of the object, in a pre-
determined direction, the system comprising:

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

an actuator associated with the 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 the ac-
tuator for activating the actuator in a predetermined
time-related manner, and

a link means operatively connecting the object with
the actuator for imparting, in operation, the force on-
to the object.

The actuator may be designed, or adapted, for gen-
erating a tensile, compressive (push) or another type of
force of predetermined magnitude as a function of time.

The link means may be a flexible or a rigid link, de-
pending 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.

The system may comprise guide means associated
with the reference structure for guiding the link means
along a predetermined route, or for maintaining a pre-
determined orientation of the link means.

In a specific aspect of the invention, there is provid-
ed a guide system for use in an actuating system which
comprises an actuator and a flexible link means for con-
necting the actuator with an object. The guide system
comprises a frame (a reference structure), a link posi-
tioning means movable with respect to the frame, posi-
tion detecting means for detecting a directional orienta-
tion of the link means and generating a signal indicative
of a deviation of the directional orientation of the link
means from a predetermined orientation, and moving
means for moving said link positioning means in re-
sponse to said signal to achieve a predetermined orien-
tation of said link means.

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 depending 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
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the latter instance, the overhead support structure may
be e.g. a scaffolding or a similar support structure of suf-
ficient size to accommodate the height of the operator.
The guide means may be installed on such existing
structure. It will be understood that the existing structure
orits part then becomes a functional part of the invention
inasmuch as it provides a physical basis for the opera-
tion of the system.

The guide means may be movable such that its po-
sition 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.

The system of the invention operates on a different

principle than known actuating systems, e.g. acommon
overhead crane or hoist. The vertical lift operation of
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 re-
duced 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 constant
or controlled speed. The drum is intended to dispense
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 ob-
ject to a desired position (stroke) independently of how
heavy the object is and hence independently of how
much lift force is applied. The operation, understanda-
bly, 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 predetermined 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 ex-
emplary embodiment of the invention, described here-
inbelow, a system is described that can apply a pre-
scribed force regardless of whether or not the object
(launch tube) moves upward as a result.

Brief Description of the Drawings

In drawings which illustrate the system of the inven-
tion and its operation in greater detail,

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
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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

Referring now to the drawings, Fig. 1 illustrates a
frame 10 supporting an x-y gantry arrangement consist-
ing of beams 14, acart 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.

While the system of the invention does not encom-
pass an object to be lifted, the cable 19 is shown in Fig.
1 as attached to a mock-up rocket launcher 20 including
a weight equivalent to the actual mass of a missile, the
weight being positioned realistically within the launcher
tube of the launcher assembly. The definition "realisti-
cally" means that the pseudo-missile is positioned so
that its center of gravity matches the location of the cent-
er of gravity of a real missile, thus approximating real
launch conditions. The cable 19 is attached to the
launcher as close as possible to the centre of gravity 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 pulley
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
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.

Apart from the above-described embodiment, the
point of the application of force to an object is generally
chosen accordingto some criterion (e.g. center of mass)
related tothe nature of either an entire object or a portion
(e.g. the "missile") of the overall object (launcher en-
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compassing the missile).

Due to possible mechanical limitations, such as the
flexibility and bending of the support structure under the
load, the guide means may not be, and does not have
to be, movable in exactly a horizontal plane. As illustrat-
ed 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 at-
tached thereto, in a x and/or y direction, perpendicular
to the vertical(z axis).

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.

It should be recognized that the control module 22
may be mounted at various positions relative to the sup-
port 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.

Referring now to Fig. 2, a cable tension generation
control system 24 is indicated in phantom lines. It in-
cludes 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 mechanically
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 residing
at that location.

The tension generation control system 24 engages
the cable 19 which passes through a cable lift point po-
sitioning system 36 and extends to the object 38 to be
lifted.

In operation, when the operator holds the object 38
on the shoulder underneath the frame 10, within the
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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 without dis-
tracting the operator. The tension should also enable the
operator to move within the above-discussed range,
bend, crouch and lie down.

When activated, the cable lift point positioning sys-
tem 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.

For the main step of the operation of the system of
the invention, the application of the obiject lifting force,
the brake 28 is activated to immobilize the take-up
mechanism. or generally speaking, to arrest the longi-
tudinal 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.

The spooling feature of the take-up mechanism al-
lows 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 spool-
er drum, a single-layer winding spooler is preferred.

Referring now to Fig. 3, the operation of.the cable
tension generation control system 24 (Fig. 2) is control-
led 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.

The operation of the low-tension take-up mecha-
nism 26 will be described in more detail based on Fig.
4 which illustrates schematically the system before the
application of the lifting force. The actuator 30 is inac-
tive, the brake 28 is disengaged allowing the take-up
mechanism 26 to operate. The operation of the mecha-
nism 26, as explained, aims at canceling any slack of
the cable 19 when the object 38 is supported by the op-
erator. The mechanism 26 (active) spools the cable in
or out to maintain a small tension in the cable. The ten-
sion is monitored by the tension sensor 40 which gen-
erates a signal indicative of the tension to a take-up con-
trol unit 44 which in turn controls the take-up mechanism
26. At this stage of operation, the cable 19 which ex-
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tends between the object 38 and the take-up mecha-
nism, passes freely through the actuator force transmis-
sion mechanism 32 which is illustrated in Fig. 7.

The operation of the system during the application
of the lifting force is represented in Fig. 5. Here, the take-
up mechanism 26 is inactivated due to the brake 28 be-
ing engaged. As a result, the cable 19 is anchored
against the reference frame through the take-up mech-
anism. The actuator 30, anchored against the same ref-
erence frame (Fig. 2) is actively generating a tensile
force and exerting the force between the reference
frame and the actuator transmission mechanism (de-
scribed in detail with reference to Fig. 7). The operation
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 appropriate
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 compressed air
to or from the actuator based on the tension signal from
the cable tension sensor 40.

Fig. 6 illustrates the operation of the cable lift-point
positioning system 36 (see also Fig. 2), aimed at main-
taining 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 sen-
sor 52. The overhead lift point (guide 18 in Fig. 1) is po-
sitioned 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.

For the embodiment discussed herein, a simulated
rocket launch, it may be necessary to conduct the oper-
ation outdoors, on an uneven ground. The mechanical
components themselves (e.g. frame) are subject to dis-
tortion 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 vertical. How-
ever, means for determining the actual position of the
cable in relation to vertical in the above-described con-
ditions are known in the art. For simplicity, the frame 10
may be designed to be used on a reasonably level sur-
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face 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.

Referring now to Fig. 7, a preferred actuator/trans-
mission mechanism assembly is illustrated. The pneu-
matic 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 mechanism.
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 amplification/
attenuation can be predetermined by selecting the
number of pulleys to match the cable tension and oper-
ator's vertical movement accommodation requirements.

The embodiment described above and illustrated in
Figs. 1-7 operates in two distinct modes. One mode
characterizes the system as prepared for firing (or, gen-
erally, the application of displacement force on an ob-
ject). 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 op-
eration is the instant of firing and onwards: the spooling
motor is disengaged, the brake is engaged and the ac-
tuator is creating a high (tensile) force in the cable (link).
In the above-described embodiment, the two modes are
executed by separate components.

As exemplified below, the functions of the two
modes can be implemented with a single set of physical
components.

As shown in Fig. 8, the brake, actuator and actuator
transmission mechanism of Fig. 2 have been eliminat-
ed. A take-up actuation means 60 with take-up mecha-
nism 26, for example a spooling wind-up motor and a
drum are used instead, the motor having sufficient ca-
pacity 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.

The operation of the second embodiment is repre-
sented in Fig. 9 wherein the dotted line represents the
modified take-up/actuation assembly. In operation, be-
fore "firing", the spooling motor with the drum maintains
a constant cable tension like the take-up mechanism of
Fig. 4. For the "firing", a sufficiently high power is sup-
plied to the motor to create the required force (as a func-
tion of time) in the cable 19. The (tensile) force in the
cable is monitored via the sensor 40 and a respective
signal is generated thereby and fed to the take-up con-
trol unit 44. The unit 44 iii turn governs the performance
of the take-up assembly 60, 26.

While the single set of components appears sim-
pler, its proper performance may be difficult to secure.
In order to create the high tensile force to be applied to
the object 38, a significantly large motor is required with
correspondingly high drive power demands. Related
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problems may occur in the functioning of the power elec-
tronics 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 main-
tain correct force in the link 19 at both high and low set-
tings. A large motor may be encumbered with insuffi-
cient sensitivity in maintaining the low setting.

The reliability of the second embodiment would also
have to be addressed. A malfunction of system without
a brake and with no stroke limitation (as in the case of
ROMAC muscle-like actuator) could have serious con-
sequences, for instance if the spooler went into a runa-
way action due toa linkage failure or another component
damage.

It is a feature of the invention that a system is pro-
vided 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.

It will be understood that the system, at least in the
above-described application, may function satisfactorily
without the guide means (exemplified by the cable lift
point positioning system 36) if certain deviations from
the predetermined direction (e.g. vertical) of the object-
displacement force can be admitted.

It will be appreciated by those in the art that numer-
ous modifications can be made by those skilled in the
art without departing from the spirit and scope of the in-
vention as claimed.

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.

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

3. 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).
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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
at a 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:

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.

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
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12

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.
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