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@ Cable arrangement and lifting platform for stabilized load lifting.

The present invention is directed to a cable arrangement
and lifting platform for lifting a load in a stabilized manner. The
lifting platform secures loads to a securing device and the
platform is able to be suspended from a crane by an attachment
carriage. The attachment carriage includes a cable winch onto
which six cables suspend and attach to the lifting platform. The
attachment carriage also includes cable guides which guide the
six cables away from the winch in three cable pairs, preferably
equidistantly-spaced. In order to secure the cables to the lifting
platform, the platform includes an attachment frame having
three cable attachment points, preferably spaced equidistantly
apart with respect to each other. The lifting platform helps
stabilize the lifting of loads by sensing the load’s imbalance
relative to the center of mass of the platform and repositioning
the load to correct for the imbalance. In addition, in order to
precisely position the load and exert controlled forces on the
load in all six degrees of freedom, the present invention
includes a device for rotating the load in a 360° angle relative to
the horizontal plane, a device for adjusting the tilt position of the
load up to a 80° angle relative to the horizontal plane of the
platform, and a device for rotating the load in a 360° angle about
the longitudinal axis of the load securing device.
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Description

CABLE ARRANGEMENT AND LIFTING PLATFORM FOR STABILIZED LOAD LIFTING

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to load handling
devices for stabilizing the lifting of a load. More
particularly, the present invention relates fo a cable
arrangement and a lifting platform, such as a six-axis
range of motion robot having self-balancing means,
for the stabilized lifting of a load attached thereto.

Background Information

Lifting platforms are well known in the art.
Commonly, lifting platforms are attached to cranes,
such as overhead tower cranes having a horizontal
boom and boom cranes having a diagonal boom.
Applications for these lifting platforms include
transporting cargo on and off ships, and relocating
necessary equipment and materials on a construc-
tion site. In order to best understand the present
invention, a cartesian coordinate system will be
defined such that the Z-axis is in the vertical
direction, and the X and Y axes form the horizontal
plane. Roll is defined as rotation about the Z-axis;
pitch is rotation about the X-axis; and yaw is rotation
about the Y-axis.

In typical load transporting applications, a crane
will have a single lifting cable. In these applications,
the lifting cable is stable only in the Z direction.
Under any pressure from the sides, the load will
either rotate in roll, pitch and yaw, or will sway in the
X and Y directions.

The prior art has long recognized the need fo
stabilize the load suspended from a single load lifting
cable. For example, in U.S. Patent No. 2,916,162
issued to Gercke, a diagonal boom crane is shown
having a single load lifting cable for transporting
loads. Gercke is directed to an apparatus for
damping the pendulum motions of the load sus-
pended from the lifting cable. The Gercke apparatus
comprises a plurality of L-shaped levers which
surround the load lifting cable near the top of the
boom crane. As the load lifting cable sways, these
levers are caused to move, and their movement is
sensed by sliding potentiometers. Each lever is
attached to a potentiometer, and all potentiometers
are attached to a motor which controls the position
of the levers. The more the load tends to swing, the
more the levers fry fo suppress the load’s swing.
Although Gercke may tend to suppress the pendu-

lum motions in the X and Y directions, the Gercke -

device fails to suppress any load imbalance causing
roll, pitch or yaw. Such drawbacks are inherent with
single-cable lifting devices.

Other systems have been developed which try to
solve the problems inherent in single-cable load
lifting arrangemenis by employing a plurality of
cables. For example, in U.S. Patent No. 3,743,107
issued to Verschoof, a four cable arrangement
system is shown for preventing a container load,
attached to a container yoke with the yoke sus-
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pended from four hoisting cables, from swinging in
the horizontal direction. Four cables are used in the
Verschoof system: two cables are attached to a
common winch and wrap around the container yoke
via pulleys, the ends of these two cables being
securely attached to the frame which secures the
winch; the other two cables are attached to the
container yoke in a cross-hatched manner such that
the cables are securely attached to the container
yoke at one end, and atfached to the securing frame
via tension devices. The tension devices sense cable
slack, due to load imbalance and shifting, and adjust
the tension on the respective cables such that the
tension on both cables remain equal. Verschoof
allows for the hoisting and lowering of the container
yoke via the first two cables, while providing for load
imbalance in the horizontal plane via the second pair
of cables. :

Both Gercke and Verschoof are directed to
stabilizing loads by sensing any load imbalance
through the attachment cables. Other. systems,
however, are directed to sensing load imbalance at
the load attachment platform. For example, U.S.
Patent No. 4,350,254 issued to Noly, herein incorpor-
ated by reference, is directed to a load platform
suspended from an overhead tower crane by four
lifting cables. The lifting platform, a spreader frame
for attaching to railroad containers and the like,
includes means for adjusting the load along the -
length of the platform based on imbalance in that
direction. Additionally, the lifting platform includes
means for rotating the attached load in a 360° angle
of rotation and means for tilfing the attached load in
a slight angle relative to the lifting platorm for ease of
lifting and/or placement of the load. The four lifting
cables which attach the  lifiing platform to the
overhead tower crane are adjusted via a pair of
winches, each winch attaching to the opposite pair
of cables. Although Noly allows for automatic ioad
imbalance compensation in the direction relative to
the length of the lifting platform by moving the load in
that direction, Noly does not compensate for load
imbalance in the direction relative to the width of the
lifting platform by movement of the load. Rather,
Noly states that any imbalance along the width of the
load platform is compensated by the dual-winch
take-up system having the opposite cables attached
thereto. Although Noly's use of a dual-winch take-up
system compensates for load imbalance in the
direction of width, a dual-winch system adds
considerable complexity and cost to load handling
sytstems. Additionally, should a load imbalance be
substantial in the direction of wTdth, the strain and
tension on the cables will lead to a serious
degradation in the integrity of the cables and the
winch system. '

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a simplified load handling
apparatus having a load attachment platform which
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adjusts for load imbalance in both the X and Y
directions of the load lifting platform.

Additionally, it is an object of the present invention
to provide a load handling apparatus having a load
attachment platform which can precisely position
the load and exert controlled forces on the load in all
six degrees of freedom. ' _

Further, it is an object of the present invention to
provide a load handling apparatus having the load
attachment platform suspended from multiple sus-
pension cables in an arrangement which provides
superior resistance to platform sway and roll, yet
requires only a single take-up winch.

It is also an object of the present invention to
provide a load handling apparatus which is easily
adaptable to conventional cranes.

The present invention is directed to a cable
arrangement and lifting platform for lifting a load in a
stabilized manner. The lifting platform secures loads
to a securing means, and the platform is able to be
suspended from a crane, either an overhead tower
crane or a boom crane having a diagonal boom, by
means of an attachment carriage. The attachment
carriage includes a cable winch onto which six
cables suspend and attach to the lifting platform:
The attachment carriage also includes cable guides
which guide the six cables away from the winch in
three cable pairs, preferably equidistantly-spaced. In
order to secure the cables from the attachment
carriage to the lifting platform, the platform includes
an attachment frame having three cable attachment
points, preferably spaced equidistantly apart with
respect to each other. The lifting platform helps
stabilize the lifting of loads by a load balancing
means, which senses the difference in location of
the center of gravity of the load relative to the center
of the triangle formed by the three cable attachment
points, and positioning means, which automatically
positions the center of gravity of the load substan-
tially under the center of the triangle. In addition; in
order to precisely position the load and exert
controlied forces on the load in all six degrees of
freedom, the present invention includes means for
rotating the [oad in a 360° angle relative to the
horizontal plane, means for adjusting the tilt position
of the load up to a 80° angle relative to the horizontal
plane of the platform, and means for rotating the
load in a 360° angle about the longitudinal axis of the
load securing means. When the load platform is
attached to a crane, precise positioning of and
controlled forces on the load are available in all six
degrees of freedom anywhere within the working
volume of the crane.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an overall view of the
stabilized load lifting device of the present
invention.

Figure 2 shows a detailed view of the cable
suspension carriage mounted on the track of
the boom of a conventional tower crane.

Figure 3is a top view of an embodiment of the
load platform of the present invention.

Figure 4 is a side view of the load platform
shown in Figure 3.
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Figure 5 is a top view of another embodiment
of the load platform of the present invention.

Figure 6 is a side view of a portion of the load
platform shown in Figure 5.

Figure 7 shows a cable routing scheme for
attaching the stabilized load lifting device of the
present invention to a conventional tower
crane.

Figure 8 shows a cable routing scheme for
attaching the stabilized load lifting device of the
present invention to a diagonal boom crane.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning now to Figure 1, an overall view of the
stabilized load lifting device of the present invention
is shown. The load lifting device includes cable
suspension carriage 11, load platform 12 (discussed
in more detail below with reference to Figures 3 and
4), and suspension cables C1 through C6. Cables C4
and C6 attach to the load platform at first attachment
point 13. Likewise, cables C1 and C5 and cables C2
and C3 attach to the load platform at second cable
attachment point 14 and third cable attachment
point 15, respectively. In the preferred embodiment,
the third cable attachment point is located along the
perpendicular bisector of the first and second
points. More particularly, all cable attachment points
are substantially equidistant with respect to each
other. This is preferred because the equidistant
arrangement stabilizes the load platform in all six
degrees of freedom.

- The tendency of the load platform having the
equidistant attachment point arrangement to resist
displacement in the X- and Y-dimensions and roli is
determined by the tangents of the angles that the
suspension cables make with the Z-axis. For a
practical case where the distance of the load
platform from the suspension carriage is less than 10
times the spacing between the cable attachment
points, the forces resisting displacement are greater
than 10 percent of the weight of the platform plus the
load, which is an enormous improvement in stability
over a single lifting cable arrangement. Such stability
enables the load to be precisely positioned in high
winds, and provides a stable platform which can be
used to exert torques and side forces on objects
being positioned.

In applications where a heavy load is attached to
the load plaiform, the system may have a tendency
to overshoot or oscillate under dynamic excitation.
The tendency of the system to oscillate and/or
overshoot can be reduced, however. In the preferred
embodiment, hydraulic spring-shock absorbers 16
are attached at each of the cable attachment points.
Additionally, a pair of swivel turnbuckles 17 are
preferably attached between the respective cables
and the spring-shock absorbers at each of the
attachment points. Suspension cables C1 through
C6 ‘are wire-rope construction -having either a
right-hand or left-hand lay. Due to the uneven
stretching which occurs with these cables, the
turnbuckles allow for independent cable adjustment;
due to the cables’ internal forsional moment inherent
with wire-rope cables, the swivel portion of the
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turnbuckle allows the cables to turn freely in place,
thereby relieving any fension which may be induced
in the cables due to use.

Turning to Figure 2, a detailed view of the cable
suspensicn carriage mounted on the frack of the
boom of a conventional tower crane is shown. The
cable suspension carriage includes carriage attach-
ment pulleys 21 and 22 for attaching the suspension
carriage to the track of the boom of a conventional
tower crane. Additionally, winch 23 includes shaft 24,
which is rotatable by the crane’s lifting cable L1. The
lifting cable is fypical on conventional tower cranes,
and is used here to power the winch on the the cable
suspension carriage such that when the crane’s
lifting cable is pulled by the crane, the winch rotates
s0 as to wind up suspension cables C1 through C6,
thereby lifting the load plaiform. Conversely, when
the crane’s lifting cable is lengthened, the winch
rotates due to the load on the suspension cables so
as to unwind the suspension cables and lower the
load platform, also winding up the crane’s lifting
cable on the shaft of the winch. In the preferred
embodiment, the winch is designed with a threaded
bearing so that the shaft of the winch moves linearly
along its axis as it rotates. Furthermore, the pitch of
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the thread is preferably at least twice the diameter of

the suspension cables, allowing all of the cables to
wind on the winch shaft in a single layer.

The cable suspension carriage also includes cable
guides G1, G2 and G3, for guiding cable pairs C1-C2,
C3-C4 and C5-C8, respectively, downward from the
shaft and to the load platform. Cable guide G3 also
guides cables C5 and C6 horizontally away from the
shaft of the winch so that the cable guides more
closely align with the positioning of the cable
attachment points found on the load platform. In the
preferred embodiment, cable guide G3 is along the
perpendicular bisector of guides G1 and G2. More
particularly, the three cable guides are substantially
equidistant with respect to each other. Other cable
guide arrangements will be obvious to those skilled
in the art. For example, cable guides G1 and G2
could extend fo one side of shaft 24, with cable
guide G3 extending to the other side of shaft 24.
Additionally, all cable guides could direct the
suspension cables downward, with the cable attach-
ment points directing the proper course of the
individual cables. The preferred embodiment is
desired, however, for both its simplicity and its
functional relationship with the cable attachment
points found on the load platform.

Turning now fo Figures 3 and 4, one embodiment
of the load platform of the present invention is
shown in the top and side view, respectively.

As shown in Figure 4, the load platform includes
attachment frame 41, load positioner 42, and circular
platform 43. Attached to circular platform 43 is arm
44 pivotally connected at point 45, for clarify with
facial pivotal connecting means 46a (from Figure 1)
not shown and opposing pivotal connecting means
46b shown in hidden view. In the preferred embodi-
ment, load positioner 42 includes Y-member 42a and
table 42b. As shown in Figure 3, X-axis actuator 31 is
attached to attachment frame 41 and Y-member 42a.
Y-axis actuaior 32 is attached fo table 42b and
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Y-member 42a. The X-axis and Y-axis actuators
confrol the position of rotating plaiform 43 and,
consequently, the position of the load. Wheel

‘suspension system 33a, 33b and 33c allows Y-mem-

ber 42a to freely move along the attachment frame in
the X direction. Similarly, wheel suspension system
34a, 34b and 34c allows table 42b to move along
Y-member 42a in the Y direction. The purpose of
load positioner 42 is fo adjust the load’s center of
gravity with the center of the firiangle formed by
attachment points 13, 14 and 15. Various types of
load imbalance sensers are known in the art. For
example, load imbalance can be sensed by placing
tension sensors at the cable attachment points, or
making the tension sensors integral with either the
turnbuckles, spring-shock absorbers or the cables.
In the preferred embodiment, load imbalance is

_sensed by LED 35 and image sensor 36 (Figure 1),

such as a CCD TV camera. [nitialization of the load
imbalance senser requires centering the LED in the
field of view of the TV camera while the load platform
is experiencing no side forces. Thereafter, displace-
ment of the position of the LED from the center of
field view in the camera will signal a side force. This
displacement is used as.a conirol signal io the
X-axis, and Y-axis actutors; control circuitry for this
operation will be readily obvious to one skilled in the
art. ]

Returning to Figure 4; arm 44 -includes load
attacher 47 for attaching loads thereto. Although
attacher 47 can be of various shapes depending on
the required application, attacher 47 is shown in
Figure 4 as having right-angle cutout 48 for securely
positioning a beam, or other corner-containing
loads, on two sides thereof and securing the load on
the other sides with attachment strap 49. In order to
control the roll, pitch and yaw angles of the load, roll .
actuator 50, pitch actuator (not shown), and wrist-
roll actuator 51, respeciively, are included on the
load platform. Roll actuator 50 is preferably attached
to table 42b and rotates the circular platform by
turning a spur gear (not shown) attached fo the
platform. Vertical thrust bearings 52 allow the
circular platform to freely rotate. The pitch actuator
(not shown) is operatively coupled between the arm
and the rotating platform for adjusting the arm from
about 0° o about 90°. Wrist-roll actuator 51 allows
load attachment means 47 fo rotate 360° in either
direction about its longitudinal axis. Consequently,
the addition of the roll actuator, pitch actuator and
wrist-rolf actuator allows for the precise positioning
of a load and the exeriion of controlied forces on the
load in all six degrees of freedom. When the load
platform is attached fo a crane, the precise position-
ing of and controlled forces on the load are available
in all six degrees of freedom anywhere within the
working volume of the crane. '

Turning now to Figures 5 and 6, another embodi-
ment of the load platform arrangement is shown in
the top and side views, respectively. The embodi-
ment shown in Figures 5 and 6 is substantially similar
to that embodiment shown in Figures 3 and 4,
except for the load positioning arrangement, which
will now be discussed.

As shown in Figure 6, the load platform includes
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attachment frame 61, load positioner 62, and circular
platform 63. Attached to circular platform 63 is the
arm (not shown), as described with reference to
Figures 3 and 4, above. In the preferred embodi-
ment, load positioner 62 includes X-frame 62a and
Y-frame 62b. As shown in Figure 5, movement along
the X-axis is provided by X-axis motor 51 and X-axis
ball screw 52a through X-axis ball nut 562b, and is
attached to attachment frame 61 and X-frame 62a.
Similarly, movement along the Y-axis is provided by
Y-axis motor 53 and Y-axis ball screw 54a through
Y-axis ball nut 54b, and is attached to Y-frame 62b
and X-frame 62a. Wheel suspension system 64a and
64b (Figure 6) allows X-frame 62a fo freely move
along the attachment frame in the X direction.
Similarly, wheel suspension system 65a and 65b
allows Y-frame 62b to move along X-frame 62a in the
Y-direction.

Returning to Figure 5, roll is provided by roll motor
55, preferably attached to Y-frame 62b, rofating
circular platform 63 by drivechain 56 attached to the
platform. Vertical thrust bearing 57 -allows the
circular platform to-rotate freely. Rollers 58 are also
provided to aid circular platform rotation.

Turning now to Figures 7 and 8, a cable routing
scheme for attaching the stabilized load lifting
device to a conventional tower crane and to a
diagonal boom crane, respectively, is shown.

As shown in Figure 7, a cable routing scheme for
attaching the stabilized load lifting device to a
conventional tower crane is shown. The load lifting
device is mounted on the track of the boom in place
of the carriage which normally supports the lifting
hook of a conventional tower crane. As discussed
above with reference to Figure 2, lifting cable L1 is
used to power winch 23 such that when the crane’s
lifting cable L1 is shiortened, the winch rotates so as
to wind up the six suspension cables and thereby lift
the stabilized platform. Conversely, when the
crane’s lifting cable is lengthened, the winch rotates
so as to unwind the cables and lower the stabilized
platform.

Typically, tower cranes have a cable routing
scheme such that the lifting cable exerts no net
force on the carriage along the boom. This feature is
maintained with the cable routing scheme as shown
in Figure 7. The crane’s lifting cable L1 is routed from
power winch 71 to carriage winch 23 over a set of
pulleys 72 and 73, respectively. Second cable L2 is
attached to the end of the boom at attachment point
74, and is routed over pulleys 75 and 76, respec-
tively, and attached to the front of the cable
suspension carriage at attachment point 77. The
tension in cable L2 is equal and opposite to the
tension in cable L1 because of the forces trans-
mitted through pulleys 72 and 75. The result is that
tension, or changes in tension, in lifting cable L1
creates no net force on the cable suspension
carriage parallel to the boom track. The carriage is
nevertheless free to move horizontally along the
boom. The horizontal position along the boom can
be controlled by winch 78 and cable 79, attached to
the cable suspension carriage at attachment point
80 via pulley 81. Thus, the control of the horizontal
position is independent of the control of the vertical
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position of the load platform.

Turning now to Figure 8, a cable routing scheme
for attaching the stabilized load lifting device to a
diagonal boom crane is shown. The load lifting
device is attached to the end of the diagonal boom;
the crane’s lifting cable L1 is used to operate the
winch, as explained above. The device most prefer-
ably should be maintained at a level-position in order
for the six suspension cables to remain in tension,
and the ievel position can be accomplished, for
example, by means of either a cross-bar linkage (not
shown) or separate platform leveling cable 82.

The lifting platform could be modified to provide a
level platform for transporting bulk loads, such as
cargo on or off a ship, or material such as concrete
on a construction site, or for suspending an
excavation robot for excavation of toxic waste
dumps. Additionally, the lifting platform could be
used as an elevator stabilizer. Other modifications
and applications will be apparent to those skilled in
the art. Therefore, although illustrative embodiments
of the present invention have been described in
detail with reference to the accompanying drawings,
it is to be understood that the invention is not limited
to those precise embodiments. Various changes or
modifications may be effected therein by one skilled
in the art without departing from the scope or spirit
of the invention.

Claims

1. A stabilized load lifting device for use with a
crane for lifting and translocating loads, said
stabilized load lifting device comprising:

a load platform to secure loads to be lifted, said
platform including an attachment frame having
first, second and third cable attachment points
located such that said third point is along the
perpendicular bisector of said first and second
points, and load securing means, operatively
coupled to said attachment frame, for securing
the load to be lifted;

an attachment carriage to operatively couple
said load plaiform to the crane, said carriage
including a cable winch having a shaft and
means for rotating said shaft, and first, second
and third cable pair guides capable of opera-
tively guiding a first and second cable pair
downward from said shaft and capable of
operatively guiding a third cable pair horizon-
tally away and downward from said shaft;

a first cable pair slidably attached to said first
cable pair guide, said first cable pair having first
and second cables, one end of said first and
second cables coiled about said shaft near one
end of said shaft, the other end of said first and
second cables operatively coupled to said
second and third attachment points, respec-
tively;

a second cable pair slidably attached to said
second cable pair guide, said second cable pair
having third and fourth cables, one end of said
third and fourth cables coiled about said shaft
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near the other end of said shaft, the other end of
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said third and fourth cables operatively coupled.

to said third and first attachment points,
respectively; and

a third cable pair slidably attached to said third
cable pair guide, said third cable pair having fifth
and sixth cables, one end of said fifth and sixth
cables coiled about said shaft near the center of
said shaft, the other end of said fifth and sixth
cables operatively coupled to said second and
first aitachment points, respectively.

2. The stabilized load lifting device of claim.1
wherein said third cable pair guide is along the
perpendicular bisector of said first and second
cable pair guides.

3. The stabilized load lifting device of claim 2
wherein said first, second and third cable pair
guides are substantially equidistant with re-
spect to each other.

4. The stabilized load lifting device of claim 1
further comprising damping means, operatively
coupled between each of said cable attachment
points and the respective cables, for suppress-
ing oscillations and overshoot due to an
attached load’s movement.

5. The stabilized foad lifting device of claim 1
wherein said first, second and third cable
attachment points are substantially equidistant
with respect to each other.

6. The stabilized load lifting device of claim 5
further comprising load balancing means, oper-
atively coupled between said attachment frame
and said load securing means, for balancing a
load relative to said attachment frame, said load
balancing means including:
load imbalance sensing means for sensing the
difference in [ocation of the center of gravity of
the load relative to the center of the triangle
formed by said cable aftachment points and
outputting an imbalance signal indicative of said
difference; and
positioning means, responsive to said imbal-
ance signal, for automatically positioning the
center of gravity of the load substantially under
said center of the triangle.

7. The stabilized load lifting device of claim 6
wherein said positioning means includes:

a first member, operatively coupled to said
attachment frame, slidable in the X-direction;

a second member, operatively coupled to said
first member and said load securing means,
slidable in the Y-direction;

X-axis positioner, operatively coupled between
said attachment frame and said first member,
responsive to said imbalance signal for slidably
positioning said first member in the X-direction;
and

Y-axis positioner, operatively coupled between
said first member and said second member,
responsive to said imbalance signal for slidably
positioning said second member in the Y-direc-
tion.

8. The stabilized load lifting device of claim 6
further comprising rotation means, operatively
coupled between said load balancing means
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and said load securing means, for rotating said
securing means in a 360° angle of rotation.

8. The stabilized load lifting device of claim 8
wherein said rotation means includes:
acircular platform;
a spur means operatively coupled {o said
circular platform; and
a roll positioner means operatively coupled to
said load balancing means and said spur means
for rotating said circular platform.

10. The stabilized load lifting device of claim 8
wherein said load securing means.includes:
an arm connected to said rotation means; and
load attachment means connected at the distal
end of said arm for attaching the load thereto.

11. The stabilized load lifting device of claim 10
wherein said arm is pivotally connected 1o said
rotation means.

12. The stabilized load lifting device of claim 11
wherein said load securing means further
includes a pitch actuator, operatively coupled -
between said arm and said rotation means, {o
adjust the angle between said arm and said
rotation means from about 0° to about 90°.

13. The stabilized load lifting device of claim 11
wherein said load securing means further
includes a wrist actuator, operatively coupled to
the proximal end of said arm, to rotate said arm
about its longitudinal axis.

14. A stabilized load lifting platform compris-
ing:
an attachment frame having first, second and
third cable attachment points located such that
said third point is along the perpendicular
bisector of said first and second points;
load securing means, operatively coupled to
said attachment frame, for securing the load to
be lifted;
load imbalance sensing means operatively
coupled between said attachment frame and
said load securing means for sensing the
difference in location of the center of gravity of
the load relative to the center of the friangle
formed by said cable attachment points and
outputting an imbalance 3|gna! indicative of said
difference;

~ positioning | means operatlvely coupled between

said load imbalance sensing means and said
load securing means responsive to said imbal-
ance signal for automatically positioning the

_ center of gravity of the load substantially under

said center of the triangle; and

rotation means operatively coupled between
said positioning means and said load securing
means for rotating said securing means in a
360° angle of rotation.

15. The stabilized load lifting platform of claim
14 wherein said first, second and third cable
attachment points are substantially equidistant
with respect o each other.

16. The stabilized load lifting platform of claim
14 wherein said positioning means includes:

a first member, operatively coupled to said
attachment frame, slidable in the X-direction;
a second member, operatively coupled to said



11

first member and said load securing means,
slidable in the Y-direction;

X-axis positioner, operatively coupled between
said attachment frame and said first member,
responsive to said imbalance signal for slidably
positioning said first member in the X-direction;
and

Y-axis positioner, operatively coupled between
said first member and said second member,
responsive to said imbalance signal for slidably
positioning said second member in the Y-direc-
tion.

17. The stabilized load lifting platform of claim
14 wherein said rotation means includes:

a circular platform;

a spur means operatively coupled to said
circular platform; and

a roll positioning means operatively coupled to
said positioning means and said spur means for
rotating said circular platform.

18. The stabilized load lifting platform of claim
14 wherein said load securing means includes:
an arm connected to said rotation means; and
foad attachment means connected at the distal
end of said arm for attaching the load thereto.

19. The stabilized load lifting platform of claim
18 wherein said arm is pivotally connected to
said rotation means.

20. The stabilized load lifting platform of elaim
19 wherein said load securing means further
includes a pitch actuator, operatively coupled
between said arm and said rotation means, to
adjust the angle between said arm and said
rotation means from about 0° to about 90°.

21. The stabilized ioad lifting platform of claim
19 wherein said load securing means further
includes a wrist actuator, operatively coupled to
the proximal end of said arm, to rotate said arm
about its longitudinal axis.
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